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Preface

Following the introduction of myelosuppres-
sive combination chemotherapy, infection and
bleeding were the two leading causes of death
in patients with acute leukemia. The wide-
spread use of chemotherapy for patients with
solid tumors and the expanding indications for
stem cell transplantation have resulted in a sub-
stantial increase in the population at risk for
developing serious infections. The introduction
of potent broad-spectrum antimicrobial agents
and the acceptance of the concept of empiric
therapy has led to a substantial decrease in
infection-related mortality. Over the past four
decades, improvements in supportive care,
including: transfusion medicine, antimicrobial
therapy and prophylaxis, antineoplastic ther-
apy, and the development of hematopoietic
growth factors, have enabled clinical investiga-
tors to evaluate endpoints other than response
rates to antimicrobial agents, adverse events,
and mortality. As a result of these advances,
issues such as routes of antibiotic administra-
tion, time to clinical response, site and cost of
care and quality of life have become important
considerations for our investigations. 

In this textbook, we have assembled a group
of international experts, many of whom have
led the way in this complex and ever-changing
field, to provide a comprehensive overview of
the historical aspects and recent developments
in the care of cancer patients with fever and
neutropenia. In addition to providing their
unique experiences and insights regarding tra-
ditional evaluation and management of such
patients, newer concepts have been included,
for example, the pharmacokinetic/pharmaco-
dynamic interaction of antimicrobial agents,
clinical trials methodology and design, risk
assessment, and risk-based treatment strategies.
We are extremely grateful to our colleagues
who have gladly contributed their time and
their expertise towards this endeavor. For us, it
has been an immensely rewarding experience,
and we consider ourselves privileged and for-
tunate to have had the opportunity to work
with and be mentored by Professors Bodey and
Klastersky.

Kenneth VI Rolston
Edward B Rubenstein
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1
Fever and neutropenia: An historical
perspective
Stephen C Schimpff

INTRODUCTION

Many serious cancers can now be treated effec-
tively. Infectious complications, however, con-
tinue to be a frequent cause of morbidity, and
often a leading cause of death, despite the
remarkable progress that has been made in
their recognition, prevention, and therapy. This
dichotomy stems from the intensification of
present-day drug and irradiation treatment reg-
imens that have, in actuality, only been possible
because of refinements in supportive care.
Although survival has improved, the price has
been a continued and even increased predispo-
sition to infection.

This situation is not unlike that which faced
oncologists in the late 1960s and early 1970s, as
chemotherapy became more effective and more
commonly utilized. Infections that were
unusual, hard to diagnose, and often rapidly
fatal had become common, yet the principles of
management that are taken as standard practice
today were still being developed.

FACTORS PREDISPOSING TO INFECTION

The following are some of the most important
factors that predispose to infection in cancer
patients:

• neutropenia and other defects in phago-
cytic defenses;

• cellular immune dysfunction;
• humoral immune dysfunction;
• anatomic-barrier (mucosal or integumen-

tary) damage;
• obstructive phenomena;
• central nervous system dysfunction;
• various iatrogenic procedures.

Additional considerations are the alterations in
microbial flora and the acquisition of new
organisms in the hospital environment.

NEUTROPENIA

Neutropenia is common in patients with acute
leukemia, following bone marrow transplanta-
tion, and following intensive myelosuppressive
drug therapy for other malignancies, or as a
result of aplastic anemia. The incidence and
severity of infection is inversely proportional to
the absolute neutrophil count. Figure 1.11

graphically displays the incidence of all infec-
tions among 64 consecutive patients with acute
non-lymphocytic leukemia admitted for their
initial remission induction therapy. The inci-
dence of infection began to rise as the neu-
trophil count fell below 500/µl, with a very



substantial rise when the neutrophil count was
between 0 and 100/µl. It is obvious from the
figure that most severe infections and nearly all
bacteremias occurred when the neutrophil
count was less than 100/µl. An additional fac-
tor, not indicated by the figure, is the effect of
the rate of fall of the neutrophil count; rapid
declines were more often associated with infec-
tion. These observations are directly compara-
ble to those first described by Bodey et al2 in
1966 in a landmark article that definitively
related neutropenia to infection incidence and
severity.

Not only does the level and rapidity in

decline of the neutrophil count correlate with
infection – so too does the duration of the aplas-
tic phase. The current approach to remission
induction therapy of acute myelocytic
leukemia, for example, is such that patients will
become and remain neutropenic for 20–40 days,
with about one-half of that time spent with an
absolute level of circulating neutrophils of less
than 100/µl. Likewise, patients who receive
allogeneic bone marrow transplants will have a
period of approximately 3 weeks with essen-
tially no circulating neutrophils, and are at an
exceedingly high risk of infection during that
time.
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Figure 1.1 Incidence of
infection in acute non-
lymphocytic leukemia during
induction therapy. Reprinted
from Joshi JH, Schimpff SC,
Infections in the
compromised host. In:
Principles and Practice of
Infectious Diseases, 2nd
edn (Mandel GL, Douglas
RG Jr, Bennett JE, eds),
Copyright © 1985, John
Wiley & Sons, Inc.
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Although neutropenia clearly predisposes to
infection, the occurrence of infection in the set-
ting of neutropenia is dependent upon the pres-
ence or absence of some other associated
predisposing factors, which act in concert with
the absence of neutrophils. When cancer
chemotherapy damages mucosal membranes,
the opportunity for development of pharyngitis
or esophagitis, typhilitis, or perianal lesions is
accentuated. Damage to the integument by
venipuncture, indwelling vascular catheters, or
axillary shaving may lead to infection. Damage
to the mucosa of the trachea and bronchi, along
with damage to ciliary function due to cancer
chemotherapy, may offer the opportunity for

pneumonia to develop. Any form of obstructive
phenomenon can interact with neutropenia to
encourage infection, such as the development
of a urinary tract infection in a patient with
tumor infiltration of the prostate, otitis media
following an enlargement of adenoid tissue in
patients with lymphocytic leukemia, or the
development of axillary lesions in patients who
use occlusive antiperspirants.

SITES OF INFECTION

The most common sites (Figure 1.2) of infection
in neutropenic patients are the oropharynx, the
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AR, Schimpff SC, Robson
MC, eds). Copyright
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lung, the perianal area, and the skin, especially
at sites of damage/invasion. As a general rule,
the organisms that cause infection (Table 1.1) at
any given site are usually organisms that have
colonized (not being just transiently present in)
that area or a nearby area.3 In the presence of a
damaged mucosal barrier, ciliary dysfunction,
or obstruction, and in the absence of normal
numbers of granulocytes, it becomes possible
for such an organism of otherwise low patho-
genicity to cause infection. Thus, pneumonias
are usually caused by organisms that have been
colonizing the patient’s oronasopharynx, and
perianal lesions are caused by one or more of
the organisms colonizing the lower intestinal
tract.3,4 In addition, there are bacteremias of
unknown origin, some of which are presumed
to relate to bacterial translocation along the
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Table 1.1 Infections in neutropenic patientsa,3

Sites Pathogens

Alimentary canal: Gram-negative bacilli:
Periodontitis Escherichia coli
Pharyngitis Pseudomonas 
Esophagitis aeruginosa
Colitis Klebsiella pneumoniae
Perianal lesions

Gram-positive cocci:
Respiratory tract: Streptococcus spp.

Sinusitis Staphylococcus aureus
Pneumonitis Staphylococcus 

epidermidis
Skin:

Local trauma Yeasts/fungi:
Vascular access Candida spp.

Aspergillus 
fumigatus/flavus

a These patients can become infected at any site and by any
potential pathogen, but the sites and pathogens listed here
represent more than 85% of acute infections.

intestinal wall. It is important to recognize that,
although most infections are caused by organ-
isms already colonizing the patient, these may
well have been acquired by the patient subse-
quent to admission to the hospital. These
acquired organisms may prove to be more viru-
lent or more resistant to commonly utilized
antibiotics, or both.5

These predominating infection sites are read-
ily explainable: acute periodontitis occurs as a
result of acute exacerbation of previously
unrecognized chronic periodontal disease.
Esophagitis occurs in the distal esophagus
because of mucosal damage due to chemothera-
peutic agents exacerbated by acid reflux from
the stomach, which is secondary to
chemotherapy-induced vomiting. A not uncom-
mon progression is infection first with herpes
simplex, followed by a mixed bacterial infec-
tion, followed by invasive infection by Candida.
Perianal lesions occur particularly in patients
with acute monocytic or myelomonocytic
leukemia, and can reach an incidence of 33%.
Patients with a history of hemorrhoids are most
frequently affected because of the development
of small mucosal tears at the base of the hemor-
rhoid at the anal opening.6 The high pressures
developed in the process of defecation exacer-
bate this process. Sinusitis seems to develop in
patients with a previous history of sinus infec-
tions, perhaps suggesting a tendency toward
obstruction to the ostia. Pneumonia results
from damaged ciliary function, with reduced
tracheobronchial clearance of mucus. These
alterations in normal clearance mechanisms
allow the organisms normally aspirated during
sleep to establish local infection, which is then
unchecked by either neutrophils or pulmonary
macrophages. The axillae are common sites of
infection because of the warm, moist environ-
ment that allows for the growth of organisms in
an area that has been damaged by shaving or in
an area where hair follicles have been occluded
by antiperspirants. Infection at areas of direct
damage to the skin, such as bone marrow aspi-
ration sites and fingersticks, occurs because
healing is slow after chemotherapy and because



the number of organisms necessary to induce
infection in the individual who is neutropenic is
substantially less than in the normal host.

‘Bacterial translocation’ is a term used to
define the movement of bacteria across the
intact intestinal epithelium into the mesenteric
lymph nodes and possibly beyond to cause sys-
temic infection. This process is well recognized
with Salmonella typhi in the production of
typhoid fever. However, animal experimenta-
tion shows that certain aerobic Gram-negative
organisms, principally Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa, can
also translocate across the normal alimentary
canal mucosa under conditions of suppression
of the anaerobic flora of the intestinal tract or
suppression of cellular immune function. It is
therefore possible that many episodes of so-
called bacteremia of unknown origin have their
origin in the intestinal tract as a result of bacter-
ial translocation in the absence of specific
mucosal epithelial damage.

PATHOGENS CAUSING INFECTION

The most common (i.e. approximately 85%)
causes of bacterial infection in the neutropenic
patient are the aerobic Gram-positive cocci
Staphylococcus epidermidis (i.e. coagulase-
negative staphylococci), � (viridans) Strepto-
coccus spp. and Staphylococcus aureus, and the
aerobic Gram-negative rods, especially E. coli,
K. pneumoniae, and Ps. aeruginosa. Despite colo-
nization with other aerobic Gram-positive and
Gram-negative organisms, patients who are
neutropenic generally do not develop infection
or bacteremia other than with those noted
above. Bacteroides fragilis, an anaerobic Gram-
negative rod that is known to cause infection in
many other settings, and other anaerobes are
also uncommon causes of infection during neu-
tropenia. The principal yeasts and fungi to
cause infection during neutropenia are Candida
spp. (especially C. albicans and C. tropicalis), and
Aspergillus spp. (especially A. flavus and A.
fumigatus).7

ALTERATIONS IN MICROBIAL
FLORA/ACQUISITION OF NEW ORGANISMS

Various exogenous influences can affect the
host’s normal microbial flora. The general
debilitation that occurs as a consequence of any
severe or chronic illness will perturb indigen-
ous flora. Shifts of the normal oropharyngeal
flora toward a predominance of Gram-negative
bacilli occur with acute illness, and the preva-
lence of colonization by Gram-negative bacilli
correlates directly with the severity of illness.8

Most bacterial pneumonias result from aspira-
tion of oropharyngeal contents. Colonization of
the oropharynx by potential Gram-negative
pathogens in the compromised host with
diminished pulmonary defense mechanisms
can, therefore, lead to aspiration and pneumo-
nia. Once an infection has become established
in the neutropenic patient, it can rapidly
progress and easily disseminate.

Antimicrobial agents have the most dramatic
effect on indigenous flora, and cause both rapid
and radical changes. Broad-spectrum antibi-
otics can suppress the non-invasive and poten-
tially beneficial normal flora that may provide a
degree of protection against colonization or
infection, or both, by more pathogenic microor-
ganisms. Suppression of alimentary canal
anaerobes may destroy a means of endogenous
microbial protection termed ‘colonization resis-
tance’.9 In neutropenic hosts, the loss of this, yet
another normal host defense barrier to infection
can be substantially detrimental and increase
the high infection risk. The occurrence of resis-
tant organisms and infections in those receiving
broad-spectrum antimicrobial therapy is
another serious liability. The role of antibiotics
in predisposing to fungal infections is clear.10

Table 1.2, from the first of the European
Organisation for Research and Treatment of
Cancer (EORTC) studies, demonstrates the
increasing incidence of further infections as
antibiotic therapy is continued over time.11

The cancer patient may spend substantial
time in the hospital or clinic, and, as a result, is
given an opportunity to acquire potential
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pathogens from this environment.3,10 The organ-
isms colonizing a patient at the time of infection
may have been acquired only subsequent to
patient admission. This is of considerable
importance, because the organisms that a
patient is likely to acquire in the hospital are
more likely to be resistant to various antibiotics.
Approximately one-half of all infections are
caused by organisms that have been acquired
by the patient during hospitalization in the set-
ting of neutropenia.3

INFLAMMATORY RESPONSE

The absence or near absence of neutrophils sub-
stantially limits the inflammatory response,
which in turn affects both diagnosis and prog-
nosis. There are very few early signs and symp-
toms except for fever.12 It is this ability of an
otherwise minor-appearing and localized infec-

tion to progress rapidly to a systemic bac-
teremia that makes the need for early diagnosis
and prompt empiric therapy critical. The
patient with a Gram-negative bacteremia who
is not treated promptly will usually die within
24–48 hours unless antimicrobial therapy is ini-
tiated within the first few hours.

Despite the presence of few of the classic
manifestations of localized infection, the vast
majority of these febrile episodes occurring
during the period of neutropenia are due to
infection.12 Approximately 20% of febrile
episodes have an associated bacteremia,
another 20% have a microbiologically docu-
mented infection without bacteremia, and
another 20% have clear-cut evidence of the site
of infection but an etiologic agent cannot be
defined. This leaves 20% with fever caused by a
non-infectious etiology (infection doubted) and
the remaining 20% in whom infection is highly
suspected but is never proved. Overall then, at
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Table 1.2 Relation between incidence of further infection and neutrophil count and duration of
antibiotic therapy for infection in neutropenic patients with cancer (EORTC Trial I)a

Patients with further infection/ Patients with further infection/
patients with stable neutrophil countb patients with increased neutrophil countb

Duration of 
antibiotic
therapy (days) Number Percentage Number Percentage

<5 017/87 20c 001/52 02d

6–10 017/96 17 08/115 07
11–15 016/39 41 006/34 18
>15 008/27 30c 005/20 25d

Total 58/249 23e 20/221 09e

a Modified with permission from EORTC International Antimicrobial Therapy Cooperative Group, J Infect Dis 1978; 137:
14–29.11

b Patients with a stable neutrophil count had persistent neutropenia, and the neutrophil count of patients with an increase
rose by 100/µl or more during therapy.
c p � 0.20 for the difference between these two values (not significant); d p � 0.005 for the difference between these two
values; e p � 0.001 for the difference between these two values.



least 60% of new febrile episodes are associated
with infection.11

GRAM-POSITIVE INFECTION

Viridans and �-hemolytic streptococci have
become frequent pathogens in febrile neu-
tropenic patients. These streptococcal infections
may be severe and present with septic shock or
acute respiratory distress syndrome. Since viri-
dans streptococci are normal inhabitants of the
mouth and pharynx, it has been hypothesized
that these infections arise from the oral cavity.
These streptococcal infections may be sec-
ondary to the development of severe mucositis
following radiation therapy or chemotherapy,
particularly in patients treated with high-dose
cytosine arabinoside, but may also be sec-
ondary to oral ulcerations due to herpesvirus
infections. Another factor predisposing patients
to these streptococcal infections may be the use
of quinolone antibiotics for the prevention of
bacterial infection.13–15

GRAM-NEGATIVE INFECTIONS

Gram-negative bacteremia is essentially a dis-
ease of modern times, with fewer than 100
reported cases prior to 1920. Over the last 40
years, a number of studies have looked at the
incidence of Gram-negative bacteremia and
have noted a continuing increase.16 Although
mortality rates in various reports range widely,
a case fatality rate of about 50% is common. The
fatality rate depends fairly dramatically on host
factors, along with the approach to treatment,
the occurrence of complications, and, to some
degree, the specific pathogen. McCabe and
Jackson17 were the first to emphasize the impor-
tance of the host’s underlying disease by divid-
ing patients into those with rapidly fatal disease
(i.e. those expected to die within the course of
the next year), those with ultimately fatal dis-
ease (i.e. those who would die within about 4
years), and those with non-fatal underlying dis-

ease. They found the fatality rates to be 91%,
66%, and 11%, respectively.

EMPIRIC THERAPY

At the Baltimore Cancer Research Center of the
National Cancer Institute in 1969, a review of
the microbiology records from the previous
year indicated that there were 22 episodes of Ps.
aeruginosa bacteremia. Of these 22 patients, 11
died within 72 hours from the time the first
positive blood culture was drawn; all but one
patient eventually died of the infection.18 The
site of infection was never identified in the vast
majority. Antibiotic therapy usually included a
combination of cephalothin plus kanamycin
(neither drug being active against Ps.
aeruginosa), and was usually not started until
after a report of a positive blood culture for a
Gram-negative rod had returned from the labo-
ratory or until the patient developed signs of
septic shock. Polymixin B or E tended to be
added to the regimen only when laboratory
identification had been achieved.

In the 1960s and early 1970s, the accepted
approach was not to institute antibiotic therapy
until there was some definitive proof of infection
– fever alone was not considered enough. But it
was clear from review of the 22 patients with
Pseudomonas bacteremia that one could not wait
for laboratory results to return, because half of
the patients had died within 72 hours. Further, it
seemed that, apart from fever, documentation of
infection was uncommon except for the culture
report, which generally returned too late to be of
value. Therefore, it only seemed appropriate to
treat all neutropenic patients who developed
new fever with an antibiotic regimen empiri-
cally. Carbenicillin and gentamicin (both still
investigational in 1969) seemed to be a logical
regimen because of the broad Gram-negative
and Gram-positive activity of gentamicin,
including against Ps. aeruginosa, and the anti-
pseudomonal activity of carbenicillin. Further,
there were laboratory data which indicated that
carbenicillin and gentamicin were synergistic in
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vitro against Ps. aeruginosa, and there were some
data to suggest that resistance might develop
less rapidly when a combination was utilized.
We then treated 75 febrile neutropenic patients
with this regimen: 48 had a microbiologically
documented infection, another 12 had a clini-
cally documented infection, 12 had a possible
infection, and 3, in retrospect, were felt not to
have been infected. Thus, the empiric approach
to therapy was appropriate in all but either 3 or
15 of 75 patients. Among the 48 patients with a
microbiologically documented infection were 13
with a Pseudomonas bacteremia, of whom 8
improved and 3 improved temporarily, plus an
additional 8 patients with a non-bacteremic Ps.
aeruginosa infection, of whom 6 improved. This
was a fairly striking difference from the results
of the prior year, noted above; however, it could
not be ascertained whether the critical factor
here was the early empiric institution of antibi-
otics, the effectiveness of the new investigational
combination of agents, or both. It is noteworthy,
however, that during this same time frame, an
additional 8 patients with neutropenia and fever,
who proved to have a Ps. aeruginosa bacteremia,
were treated with gentamicin alone shortly after
fever developed. Each patient had a strain sus-
ceptible to gentamicin, yet 7 patients had persis-
tently positive blood cultures while receiving
this drug, whereas 1 patient rapidly improved
with this single-agent therapy. This suggested
that gentamicin alone was not adequate therapy
for Pseudomonas bacteremia in neutropenic
patients.19

EARLY INITIATION OF THERAPY

The studies by Greisman et al20 are relevant to
the observation that prompt therapy is impor-
tant. They studied non-neutropenic mice, each
of which received a lethal intraperitoneal dose
of a Gram-negative rod such as E. coli or K.
pneumoniae. They then utilized an antibiotic to
which the organism was susceptible, in a dose
and schedule that would assure a blood level
above the minimal inhibitory concentration on
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a continuing basis. The only variable in the
experiment was the time of initiation of the first
dose of antibiotic. It was found that if the first
dose of the antibiotic was administered concur-
rently with the intraperitoneal injection, none of
the mice died. However, the longer the first
dose was delayed, the greater was the likeli-
hood that death would occur. Even though the
animal might survive for a few days, death was
inevitable if the first dose was more than just a
few hours delayed from the onset of infection
(Table 1.3). Thus, it was demonstrated that
there is a ‘window of opportunity’ within
which therapy must begin if death is not to
ensue.

This was demonstrated nicely in two studies
by Bodey et al from the University of Texas
MD Anderson Cancer Center. In reviewing
Pseudomonas bacteremia, they found that about
15% of neutropenic patients died if the first dose
of therapy was given within 12 hours of the
onset of fever, yet 55–75% died if the first dose

Table 1.3 Mouse mortality after Gram-
negative infection20

Time (hours) since
antibiotic begun % mortality

0 000
1 015
1.5 045
2 070
3 095
4 100

Mice were injected intraperitoneally with a lethal dose
(1 � 108) of E. coli 018, then treated with a bactericidal
antibiotic at a dose and schedule to maintain an effective
serum concentration, i.e. constantly above the minimum
bactericidal concentration of the challenge organism. Note
the ‘window of opportunity’, i.e. mice treated quickly with
first dose all survive, but die if treated for first time only a
few hours after innoculum of bacteria injected
intraperitoneally.



of antibiotic was delayed.21 For E. coli bac-
teremia, including neutropenic and non-
neutropenic patients, about 12% of patients died
(Figure 1.3) if antibiotics were started within the
first 12 hours, compared with 18% when they
were started between 12 hours and 24 hours,
and 30% when they were started between 24
hours and 48 hours after the collection of the
first blood culture that proved to be positive.
The mortality rate continued to rise to 80% if
appropriate therapy had not been instituted
promptly.22 A similar observation was made
with Ps. aeruginosa bacteremia (Figure 1.4).21

Many published reports indicate that the site
of Gram-negative bacteremia in the neutropenic
cancer patient is frequently never identified.
This has not been my experience when each
patient has been studiously examined on a
daily basis.3 Perhaps what is most important is
the recognition that the signs and symptoms of

inflammation are markedly diminished and
therefore evidence of infection may be subtle. It
is particularly helpful to have seen the patient
on a regular basis prior to the onset of infection,
so that one can compare the prefebrile examina-
tion with any changes that may have occurred.
If one knows the common sites of origin of
infection in these patients, then it is possible to
give particular attention to those sites and look
for subtle changes. For example, infection aris-
ing from pharyngitis may be represented only
by complaints of an intense sore throat and
some erythema, but little other physical evid-
ence. Bacteremia due to a perianal lesion may
be detected by the patient noting pain with
defecation, and an examination that shows only
minimal erythema but intensive tenderness
over the site of a minor-appearing fissure, often
at the base of a hemmorrhoid, which serves as
the nidus and origin for the bacteremia.
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Some organisms, notably Ps. aeruginosa, are
exceptionally invasive during profound neu-
tropenia (i.e., if colonized, the patient fre-
quently becomes infected). Colonization with
other organisms such as E. coli and K. pneumo-
niae occasionally leads to bacteremia, and colo-
nization with still other organisms such as
non-aeruginosa Pseudomonas spp. very rarely
proceed to infection, even during profound
neutropenia. Thus, there is a clear difference in
invasive potential among Gram-negative bacilli
in this highly vulnerable population of patients.

CHOICE OF DRUGS AND LEVEL OF
NEUTROPENIA: IMPLICATIONS FOR
SURVIVAL

Bodey et al have reviewed the common causes
of Gram-negative bacteremia in cancer patients,
such as E. coli,22 Ps. aeruginosa,21 and some of the

less common organisms, such as Serratia
marcescens and Enterobacter spp. Consistently,
the rate per 1000 admissions is higher for
patients with acute leukemia than for patients
with other hematologic malignancies, and
much higher than for patients with solid
tumors. Bodey and his colleagues have noted
that for patients who become bacteremic, the
blood culture may be positive 50% or more of
the time when fever is first documented (Figure
1.5). Another consistent finding has been the
importance of the neutrophil count with regard
to the ultimate response; when the initial neu-
trophil count was below 100/µl and remained
unchanged, the response rate for E. coli bac-
teremia was 48%, whereas if the neutrophil
count increased, the response rate was 83%.
When the initial neutrophil count was above
100/µl yet less than 1000/µl and remained
unchanged, the response rate was 47%, but if
the neutrophil count increased further, the
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response rate was 95%. In addition, and not
surprisingly, there was a marked difference in
survival depending upon whether the patient
received appropriate therapy (i.e. antibiotics to
which the organism was susceptible) or inap-
propriate therapy. For E. coli bacteremia, the
survival rates were about 75% for those who
received appropriate therapy and 38% for those
who received inappropriate therapy initially
(Figure 1.6).

THERAPY OF FEBRILE NEUTROPENIA

Given all of these factors, empiric therapy for
the febrile, neutropenic patient must be:

• prompt;
• empiric;
• bactericidal;
• broad-spectrum.

The need for prompt institution of therapy is
due to the rapid and high mortality rate of
patients with Gram-negative bacteremia and,
occasionally, the bacteremias caused by
Streptococcus spp. Recall from above that the
risk of dying was closely related to the interval
between the onset of bacteremia and the institu-
tion of appropriate antibiotic therapy (Table 1.3
and Figures 1.3 and 1.4).21,22 The need for
prompt therapy makes the use of empiric
antibacterial regimens obvious. It should be
emphasized that an antibiotic regimen must be
chosen that is most appropriate for the specific
patient in a specific institution. It is necessary to
know what organisms are, or are likely to be,
colonizing the patient and what the likely sus-
ceptibility patterns will be. It is critical to have
continually updated information on the suscep-
tibility patterns of organisms frequently recov-
ered from the hospital and the area of the
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hospital where the patient is being treated.
Bactericidal rather than bacteriostatic antibi-
otics are essential, since, in the absence of neu-
trophils, this is a battle of ‘bugs versus drugs’.
The agents should have a broad spectrum so as
to ‘cover’ the great majority of the relatively
limited number of potential pathogens.

Combination empiric therapy

The options for choices of antibiotics are wide
(Table 1.4). For many years, the most common
approach was the use of �-lactam plus an
aminoglycoside. These combinations have
withstood the test of time, they have been
found to be broadly effective, the newer �-lac-
tams offer ‘coverage’ for most of the Gram-
negative and Gram-positive bacteria that
invade these patients, there is synergistic activ-
ity against many Gram-negative bacilli, and

there are data to suggest that the development
of resistance to the �-lactam is less likely with
the added aminoglycoside. Among the peni-
cillins, those with the broadest spectrum
include piperacillin (especially when combined
with tazobactam) and ticarcillin (especially
when they are combined with the �-lactamase
inhibitor clavulanic acid). The antipseudomonal
cephalosporins such as ceftazidime and
cefepime likewise offer broad Gram-negative
coverage, as do the carbapenems imipenem and
meropenem. The monobactam azetreonam has
excellent Gram-negative activity, but incorpo-
rates no Gram-positive activity. The
cephalosporins and carbapenems have activity
against S. aureus and the streptococci. None of
these agents are effective for S. epidermidis (even
if susceptibility results suggest activity). The
penicillins, some of the cephalosporins, and
imipenem have activity against anaerobes
(which rarely cause bacteremia but which are
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important along the alimentary canal to pre-
serve colonization resistance), whereas cef-
tazidime has no activity against anaerobes. The
choice of the �-lactam agent should be based
largely on institutional antimicrobial suscepti-
bility patterns and, preferably, knowledge of
susceptibility patterns for recent infections
within the oncology unit.

The commonly utilized aminoglycosides
include gentamicin, tobramycin, and amikacin.
For susceptible organisms, each of these amino-
glycosides probably has equivalent efficacy.
Aminoglycosides are both ototoxic and nephro-
toxic, and it is generally advisable to measure
serum levels to be sure that one is within the
therapeutic, yet below the toxic, range. If one
approaches the aminoglycoside primarily for its
value in adding synergy, then it is probably not
necessary to push toward the higher, more
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Table 1.4 Available antibiotics for initial
empiric therapy of the febrile neutropenic
patient

�-lactams Aminoglycosides

Penicillins Gentamicin
Piperacillin � tazobactam Tobramycin
Ticarcillin � clavulanic acid Amikacin

Cephalosporins
Ceftazidime
Cefepime
Ceftriaxone
Monobactam
Aztreonam

Carbapenems
Imipenem
Meropenem

toxic side of the accepted therapeutic range,
and thereby lessen the opportunity for undesir-
able side-effects. There are no data to demon-
strate that higher peak and trough levels of
aminoglycosides, when given in combination
with a �-lactam for this type of patient, are
more efficacious than a somewhat lower dose.
There is sufficient data to demonstrate that
aminoglycosides alone are not adequate in the
setting of profound neutropenia (i.e. <100/µl).

Monotherapy

With the advent of the very broad-spectrum
�-lactams, such as ceftazidime, imipenem, and
ticarcillin plus clavulanic acid, and given the
inherent toxicities of the aminoglycosides, it
seemed reasonable to attempt to use single-
agent therapy for initial empiric treatment. The
classic study was completed by Pizzo et al,23

who randomly allocated patients to a combina-
tion of carbenicillin, cephalothin plus gentam-
icin or to ceftazidime at the onset of fever
during neutropenia. Ceftazidime alone was as
efficacious as the combination. A large number
of patients required alteration in therapy, such
as the addition of vancomycin, an antifungal, or
an antiviral agent to each of the two initial regi-
mens. However, the ultimate responses were
equivalent, and the mortality rate was
extremely small in both groups. Ceftazidime,
imipenem, meropenem, and cefepime have
been used effectively for many patients as
initial empiric therapy for fever during neu-
tropenia.

I do not believe that there is adequate data to
assess whether monotherapy with one of these
agents is sufficient for the patient who has pro-
found, persistent neutropenia and a Gram-
negative rod bacteremia. Only about 10% of
patients in most large studies have proven to
have a Gram-negative rod bacteremia, and only
about half of these patients tend to fall into the
category of those with profound, persistent
neutropenia. For example, in the study by Pizzo
et al,23 there were only 13 Gram-negative rod



bacteremias out of more than 500 patient
entries. In an EORTC trial,24 there were only 129
Gram-negative bacteremias out of 1074 patients
entered (Table 1.5), and of the 129, only 53 had
profound, persistent neutropenia. It is this latter
group of patients, however, that concern me. In
study after study, they tend to do poorly
regardless of the agent(s) used, but do less well
with single-agent therapy (see below). In this
EORTC trial, for example, the response rates for
patients with Gram-negative rod bacteremia
and a neutrophil count of less than 100/µl
throughout therapy were 6% with ceftazidime
and short-course amikacin, compared with 50%
with ceftazidime and long-course amikacin
(p � 0.03) (Table 1.6 and Figure 1.7). This
was further evidence to suggest the value of
the aminoglycoside in combination with
the �-lactam in this particular subgroup of
patients.

Synergy

At our institution, de Jongh et al25 looked at a
series of 75 consecutive Gram-negative rod bac-
teremias that occurred among patients who had
a neutrophil count of less than 100/µl; each
received prompt empiric antibiotic therapy
using a combination. The critical observations
were as follows. First, there was a dramatic dif-
ference in response rate between patients who
remained profoundly neutropenic and those
whose neutrophil count began to rise during
the next few days (Figure 1.8). Indeed, the
response rate for those who were profoundly
neutropenic was substantially and disturbingly
poorer. Dissecting further, the patients with
persisting, profound neutropenia had a
response rate that was significantly better if
they had received two drugs to which the
Gram-negative bacillus proved to be suscepti-
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Table 1.5 EORTC IV trial24

Entries 1074

Exclusions 0202
Protocol violation 0052
Doubted infection 0135
Viral/fungal infection 0015

Evaluable episodes 0872
Possible infection 0342
Clinically documented 0225
Microbiologically documented 0305

Without bacteremia 053
With bacteremia 252

Polymicrobial 033
Single-organism 219

Gram-positive 090
Gram-negative 129

Persistent profound neutropenia 53
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Table 1.6 Response to treatment in the presence and absence of persistent profound neutropenia24

Condition of patients Patients with response/patients with bacteremia

Azlocillin Ceftazidime Ceftazidime
� amikacin � short amikacin � long amikacin Total

Persistent profound
neutropenia:

Presenta 5/25 (20%) 1/16 (6%) 6/12 (50%) 12/53 (23%)b

Absentc 11/15 (73%) 19/26 (73%) 32/35 (91%) 62/76 (82%)b

Reprinted with permission from EORTC International Antimicrobial Therapy Cooperative Group, N Engl J Med 1987; 317:
1692–8. Copyright © 1987 Massachusetts Medical Society. All rights reserved.
a The p values for comparison of treatment regimens were as follows: global, 0.02; azlocillin � amikacin versus
ceftazidime � short amikacin, 0.45; azlocillin � amikacin versus ceftazidime � long amikacin, 0.14; and ceftazidime � short
amikacin versus ceftazidime � long amikacin, 0.03.
b p < 0.001.
c Global p value � 0.12.
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Figure 1.7 Time to treatment failure according to treatment regimen (C, ceftazidime; A, amikacin; AZ,
azlocillin). Continued use of the aminoglycoside with ceftazidime led to better response rates for Gram-negative
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Ceftazidime combined with a short or long course of amikacin for empirical therapy of Gram-negative bacteremia
in cancer patients with granulocytopenia. N Engl J Med 1987; 317: 1692–8. Copyright © 1987 Massachusetts
Medical Society. All rights reserved.



ble; the response rate when the organism was
susceptible to only one drug was particularly
poor. Further analysis demonstrated that if the
combination of two drugs was synergistic in
vitro against the invading organism, then these
patients did better than if the combination was
not synergistic.

The study demonstrates that among persis-
tently neutropenic patients who are treated with
two effective bactericidal antibiotics, combina-
tion with in vitro synergism is associated with a
more favorable clinical outcome than are similar
combinations that are not synergistic in vitro
even when both agents are quite active against
the pathogen. Such synergism is of no prognostic
importance among patients with rising neu-
trophil counts; only those patients with Gram-
negative bacteremia who are profoundly and
persistently neutropenic benefit from the pres-
ence of the two-drug synergistic combination.

Serum bactericidal activity

Klastersky and colleagues26,27 and Anderson et
al28 demonstrated that synergistic combinations
of agents were more effective for Gram-negative
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Figure 1.8 Treatment of infection in cancer patients
with granulocytopenia.25 Reprinted from Schimpff SC,
Gram-negative bacteremia. Support Care Cancer
1993; 1: 5–18. Copyright 1993 Springer-Verlag.

bacteremia than single agents (Table 1.7).
Klastersky29 reported that synergistic combina-
tions also elicited a serum bactericidal activity
that was significantly greater (1 : 16 versus 1 : 4
at peak and 1 : 8 versus 1 : 2 at trough) (Table
1.8). However, with the advent of newer �-lac-
tams such as ceftazidime and imipenem, good
bactericidal activity could be obtained with the
single agent. For example, Standiford et al30

gave ticarcillin and amikacin or ceftazidime to
volunteers and measured serum bactericidal
activity at 1 hour and 6 hours. Ceftazidime had
a notably better serum cidal profile for Ps. aerug-
inosa, E. coli, and K. pneumoniae than did the
combination (Table 1.9 and Figure 1.9).30

In a later study, imipenem was compared

Table 1.7 Summary of the results of 12
controlled clinical trials of therapy with single
versus multiple antibiotics and with
synergistic versus non-synergistic
combinations of antibiotics in neutropenic
patients infected with Gram-negative bacillia

Type of therapy Number of patients
with a favorable
clinical response

Single antibiotic 119 (61%)
(195 patients)

Multiple antibiotics 138 (81%)
(170 patients)

Nonsynergistic 77 (43%)
combinations 
(179 patients)

Synergistic 158 (76%)
combinations 
(208 patients)

a Reproduced with permission from Klastersky J, Empiric
treatment of infections in neutropenic patients with cancer.
Rev Infect Dis 1983; 5(Suppl): S21–31.



with ticarcillin plus amikacin.31 At 1 hour, the
geometric mean bactericidal titers were 13 and
12, respectively, while at 5�� hours, they were 3
and 2, respectively. An animal model dem-
onstrated that severely neutropenic rats given a
lethal intraperitoneal challenge of Ps. aeruginosa
responded as well to imipenem alone as to the

combination of moxalactam and amikacin.
However, the rat survival was substantially
better still when amikacin was added to the
imipenem (Figure 1.10).32

Alternatively, it may be that two antibiotics
can effectively eliminate a Gram-negative
bacillus during profound neutropenia only if
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Table 1.8 Clinical responses and serum bactericidal activity in patients with cancer and Gram-
negative bacillary infections who received synergistic or non-synergistic combinations of antibiotics
(the studies were performed at the Institut Jules Bordet, Brussels, Belgium)29

Median titer of serum bactericidal activity

Type of combination Number of patients Maximum Minimum
with a favorable 
clinical response

Synergistic (100 patients) 80 (80%)a 1 : 16 1 : 8
Non-synergistic (105 patients) 52 (50%)a 1 : 4 1 : 2

Reproduced with permission from Klastersky J, Eur J Cancer 1979; 15: 3–13.29

a p < 0.01

Table 1.9 Reciprocal geometric mean bactericidal titers generated at 1 and 6 hours by each
regimen30

Titer obtained with

Ceftazidime Ticarcillin–amikacin

Test organism 1 h 6 h 1 h 6 h

Ps. aeruginosa (31 strains) 40.7 4.7 12.2 2.1
S. aureus (7 strains) 3.6 NAa 24.3 3.0
E. coli (7 strains) 256.0 128.0 125.5 8.2
K. pneumoniae (7 strains) 236.5 97.0 86.1 8.0

Reproduced from Standiford HC et al, Antimicrob Agents Chemother 1984; 26: 339–42.30

a No activity assayable.



they attack by different mechanisms. Using an
in vitro system that exposed Ps. aeruginosa to
fluctuating levels of gentamicin, Gerber et al33

noted the development of small colonies of
gentamicin-resistant variants. Although these
variants were less pathogenic in normal and
moderately neutropenic mice than were sus-

ceptible colonies, they invariably killed severely
neutropenic mice challenged intraperitoneally.
The development of these gentamicin-resistant
variants could be prevented by the addition
of ticarcillin.34,35 Thus, two agents killing by sep-
arate mechanisms and preventing the emer-
gence of resistant organisms may be important.
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Therapy of persistent fever and persistent
neutropenia

A major concern for the clinician dealing with
the febrile neutropenic patient is what to do
with the patient who has persistence of fever
following the administration of empiric anti-
biotic therapy. The questions relate to whether
the initial antibiotic should be continued or dis-
continued, whether an additional antibacterial
antibiotic should be added, and whether an
antifungal agent such as amphotericin B or an
antiviral agent such as acyclovir should be
added. There is no single correct answer. The
first step should be to carefully repeat the his-
tory, physical examination, and chest X-ray,
and to review the results of the original cul-

tures. More often than not, such a review will
reveal an infection site, if one exists. However,
other causes of fever must be considered: blood
product transfusions, a history of fever with the
underlying tumor, and drug fever from com-
pounds such as cytosine arabinoside or from
the empiric antibiotics themselves. Pizzo et
al36,37 showed that continued therapy prevented
new/recurrent bacterial infection for patients
with persistent neutropenia; however, fungal
infections became common yet could be pre-
vented/treated by instituting amphotericin B
on day 7 of continued fever.

The EORTC found that the addition of
empiric amphotericin B after four days of
broad-spectrum antibiotics and persistent fever
and neutropenia had some benefit. Of the
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patients with added amphotericin B, 69% had
resolution of fever, compared with 53% in the
control group. There was one fungemia (1 of 68
patients) compared with six (6 of 64 patients),
and there was one death due to fungal infection
compared with four. Of note, those who had
fungal infections usually had some clinical
evidence to suggest that it might be present, i.e.
this was not entirely ‘empiric’ therapy.38

Therapy of persistent neutropenia with
febrile response

There are some patients with persistent neu-
tropenia and no specific evidence of infection
on repeated history and physical examination
who have a ‘febrile response’, i.e. the fever
abates promptly after institution of antibiotics.
This raises the question as to whether the
patient was infected and whether the anti-
biotic(s) should be continued? The critical step
is to repeat the history and physical examina-
tion, review all cultural data, and repeat the
chest X-ray. If no specific evidence of infection
can be determined, yet it appears that the
patient has had a febrile response secondary to
antibiotic therapy, then it would seem reason-
able to continue the antibiotics for a total of
about 10 days. If at that time the neutrophil
count remains very low, one would have to
decide whether to continue antibiotic therapy
for a longer period. I usually discontinue antibi-
otics at this time, but there is evidence to sug-
gest that continuing antibiotic therapy is
appropriate.36 However, continuation must be
balanced against the potential risk of predispos-
ing toward fungal infection, which may require
the addition of amphotericin B or other antifun-
gal agents.38

SHIFT FROM GRAM-NEGATIVE TO
GRAM-POSITIVE PREDOMINANCE

In the 1960s and 1970s, the predominant
pathogens of febrile neutropenic episodes were

Gram-negative bacilli along with some S.
aureus. Over the past 25 years, a change toward
fewer Gram-negatives and a predominance of
certain Gram-positives, especially coagulase-
negative staphylococci and viridans strepto-
cocci, has occurred (Figure 1.11).39

The reasons for this shift are not totally clear,
but some hypotheses are as follows. Prevention
techniques such as attention to handwashing
may have reduced S. aureus transmission.
Attention to water sources (e.g. faucet aerators
and tamperproof ice machines) and the use of
lower-microbial-content foods (e.g. avoiding
salads and uncooked tomatoes, and using
freshly ground pepper) may have reduced the
acquisition of Gram-negative bacilli.40 The use
of alimentary canal microbial suppression (e.g.
oral quinolones) may have reduced Gram-
negative bacillary invasion of the damaged
mucosa.41

Concurrently, the commonplace use of
indwelling vascular access catheters has
increased the opportunity for S. epidermidis
infections (entry-site infections, tunnel infec-
tions, and especially internal colonization of the
catheter, with bloodstream seeding).42

Streptococcal infections may be related to inten-
sive oral-mucosal-damaging chemotherapy,
specific agents such as high-dose cytosine arabi-
noside, and the use of quinolones as prophy-
laxis.

This shift in pathogen frequency has led to
consideration of changes in the choice of
empiric antibiotics.43 Some have suggested that
a combination including vancomycin should be
used in the initial regimen. Others have indi-
cated that S. epidermidis, unlike Gram-negative
bacilli, tends to cause a more indolent infection
and hence there is time to substitute or add
vancomycin once culture reports are avail-
able44–46 (Figure 1.12). This avoids the inherent
nephrotoxicity of vancomycin, especially when
it is used in conjunction with an aminoglyco-
side, amphotericin B, or both. The increasing
problem of vancomycin-resistant enterococci
(VRE) and hence the need to restrict van-
comycin to situations where it is truly needed
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strengthens the case for withholding van-
comycin as part of the initial empiric regimen.

The streptococci are generally quite suscepti-
ble to the various �-lactams in use, although
resistance to penicillins is definitely on the
rise.47 Prompt initiation of therapy is key,
because these organisms are capable of causing
very serious infection with shock over a short
time frame.

ORAL THERAPY INSTEAD OF INTRAVENOUS
THERAPY

The initial concepts in treating the febrile neu-
tropenic patient empirically included:

• use of broad-spectrum antibiotics to assure
coverage for most of the common
pathogens;

• intravenous therapy to assure rapid
achievement of adequate serum levels;

• close monitoring because of the concern for
progression to septic shock with Gram-
negative bacteremia or possibly the devel-
opment of respiratory failure with
pneumonia.

Today, Gram-negative bacteremia is much less
common, and it is possible to establish the
patient’s relative risk for an adverse outcome
of febrile neutropenia. Hence, it would seem
logical to utilize oral agents that have an
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adequate spectrum and are well absorbed,
especially in low-risk patients. Data supporting
this approach have recently been published.48–51

See Chapter 9.

SUMMARY

Much progress has been made over the past
30–35 years regarding the treatment of neu-
tropenic patients who develop fever.

• It has become accepted that empiric ther-
apy is appropriate when fever develops.

• It has been recognized that the inflamma-
tory response is muted, so that signs and
symptoms are limited, making site identifi-
cation difficult. Repeated examinations
focusing on the common sites will often
define the site over the course of a few
days.

• Some pathogens can cause sepsis and death
quickly – notably Gram-negative bacilli and
streptococci – necessitating prompt initia-
tion of therapy with a regimen designed to
‘cover’ the most likely organisms.

• Selection of a regimen should take into
account the current antibiotic susceptibility
pattern at the hospital/oncology center.

• Monotherapy with a variety of �-lactams is
effective for most patients.

• Subgroups of patients with lower risk can
be identified, thus allowing consideration
of outpatient/home therapy and/or oral
therapy.

• Oral therapy can be effective, but some
patients will be intolerant owing to nausea,
vomiting, or possibly diarrhea; close
follow-up is required to be certain that the
oral therapy is being ingested adequately.

• The spectrum of pathogens has shifted
increasingly toward Gram-positive cocci,
especially coagulase-negative staphylococci
and viridans streptococci. In general, van-
comycin is required for S. epidermidis infec-

tions, but can be withheld until culture
reports confirm staphylococcal presence.

• The most important factor in response,
other than the immediate initiation of the
proper regimen, is return of circulating
neutrophils. Neutrophil transfusions for
aplastic patients can be useful, but it is diffi-
cult to obtain adequate numbers, and those
at greatest need are often alloimmunized.
Colony-stimulating factors (e.g. granulo-
cyte or granulocyte–macrophage colony-
stimulating factors: G-CSF and GM-CSF)
may be helpful in assisting a more rapid
return of bone marrow function.

These improvements mean that most
patients will have rapid resolution of fever and
infection. Unfortunately, one subgroup con-
tinues to have a dismal prognosis – namely,
those patients with an aplastic marrow and a
Gram-negative bacteremia. Response rates to
highly active antibiotic(s) are poor at best. In
large studies, these patients represent about 5%
of the total that develop fever during neutrope-
nia. The absolute numbers of patients are low –
but so is their survival.

CURRENT RECOMMENDATIONS

Monotherapy with drugs such as ceftazidime,
cefepime, and imipenem is probably adequate
for most patients who develop fever yet have
only moderate degrees of neutropenia. These
patients rarely have Gram-negative-rod bac-
teremia, and their prognosis is generally good.
For those patients who have profound neu-
tropenia (<100/µl) and an aplastic bone mar-
row, one might consider a combination of
drugs such as a �-lactam along with an amino-
glycoside. Neutrophil transfusions are rarely
utilized today. G-CSF or GM-CSF is an appro-
priate adjunct for those patients with profound,
persistent neutropenia in whom Gram-negative
bacteremia is either proven or highly suspected.
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2
Overview of pharmacokinetic and
pharmacodynamic principles of anti-
infective dosing in the neutropenic patient
Russell E Lewis, Randall A Prince

INTRODUCTION

Effective antimicrobial therapy is dependent
upon a number of factors, many of which are
beyond the direct control of the clinician (see
Figure 2.1). Antimicrobial selection and dosing,
however, are two variables of drug therapy that
can be controlled. Since anti-infective therapy
plays such a critical role in successful outcomes
for the neutropenic patient, optimization of
drug regimen design is essential. This chapter
will focus on pharmacokinetic and pharmaco-
dynamic principles of antimicrobial dosing in
the neutropenic host. Special attention will be
devoted to describing differences between vari-
ous classes of antimicrobials, as well as special
pharmacokinetic issues in the care of neu-
tropenic patients.

RATIONALE OF ANTIMICROBIAL DOSING

Three components of antimicrobial pharmacol-
ogy are of special interest in developing effect-
ive dosage regimens:

(i) the potency of the antimicrobial against the
pathogen(s) in question;

Host factors
Underlying disease

Immunosuppression
Mucositis

Graft-versus-host disease
Invasive devices

Pathogen factors
Virulence

Resistance
Toxin production

Host tissue damage

Drug factors
Potency (MIC, MBC)
Pharmacodynamics
Pharmacokinetics

Figure 2.1 Interrelationship of host, pathogen, and
drug factors that influence outcome in anti-infective
therapy.

(ii) the concentration achieved by the antimi-
crobial in the serum and at the site of infec-
tion (pharmacokinetics);

(iii) the relationship of drug concentrations to
the rate and extent of pathogen killing
(pharmacodynamics).



Antimicrobial potency is typically defined by
susceptibility-testing endpoints such as the
minimum inhibitory concentration (MIC) and
the minimum bactericidal concentration (MBC).
Despite its many limitations, MIC testing pro-
vides a reasonable measurement of drug activ-
ity that can be easily related to the drug
concentrations achieved in the body. Historic-
ally, the goal of most antimicrobial dosing strat-
egies has been to maintain drug concentrations
above the MICs of common pathogens in
serum/tissues for the extent of the dosing inter-
val. Although this dosing strategy may produce
acceptable antibacterial efficacy with some
compounds, it does not take into account fun-
damental pharmacodynamic differences between
various antimicrobial classes.

The study of antimicrobial pharmacodynam-
ics has provided new insight into the relation-
ship of drug concentrations to bacterial or
fungal killing.1 Antimicrobial concentration–
killing relationships generally follow one of two
patterns (see Figure 2.2). The first pattern is
characterized by concentration-dependent
killing over a broad range of clinically achiev-
able concentrations (drug B). That is, the higher
the drug concentration, the greater the rate and
extent of bacterial or fungal killing. The second
pattern, however, is characterized by minimal
concentration-dependent killing over the range
of clinically achievable levels (drug A).
Generally, drug concentrations greater than
four times the MIC do not enhance the rate or
extent of activity.2–4 Since the extent of killing
noted with this second pattern is largely depen-
dent on how long drug concentrations remain
near the MIC, it is also termed time-dependent
killing pharmacodynamics.

Some antimicrobial agents may produce per-
sistent or prolonged inhibitory effects even as
drug concentrations fall below the MIC.5 The
phenomena related to the sub-MIC concentra-
tions, including the post-antibiotic effect (PAE),
sub-MIC effect (SME), and the post-antibiotic
leukocyte enhancement (PALE), are increas-
ingly incorporated into the development of dos-
ing regimen strategies. Some investigators have
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and concentration-independent pharmacodynamics.

even recommended that the dosing interval of
an antibiotic should be equal to the time for
which drug concentrations remain above the
MIC plus the duration of the PAE.6 Of the three
aforementioned mechanisms, the PAE has been
studied the most. The PAE is thought to be due
to a lag time in the disassociation of the antimi-
crobial from the cellular receptors in the organ-
ism or the recovery of the organism from
cellular injury.1 The significance of these phe-
nomena in the neutropenic population,
however, remains to be determined. With cer-
tain antimicrobials, the PAE is often more pro-
longed the higher the concentration of
antibiotic exposure or the greater the duration
of exposure.5 This has led some investigators to
propose a third pattern of pharmacodynamic
activity where concentration-independent
killing predominates initially, but persistent
effects or the PAE are concentration-
dependent.1,6,7 This ‘combination’ pharmacody-
namic picture may be seen with newer
macrolides such as azithromycin.8

Defining the killing characteristics of an anti-
biotic or antifungal is essential for optimizing
dosing. For agents that exhibit concentration-
dependent pharmacodynamics, dosing regi-



mens should maximize peak concentrations
(Cmax) or overall exposure to the drug (area
under the curve, AUC). In some cases, larger
infrequently administered doses may be neces-
sary to achieve sufficient peak concentrations.
For example, in extended-interval dosing of
aminoglycosides, high peak concentrations
(>8–10 times the MIC) have been shown to
result in more rapid and extensive bacterial
killing, and may reduce the probability of resis-
tance.9–11 In neutropenic patients, the benefits of
increasing antibiotic dosages for concentration-
dependent agents generally outweigh the
increased risk of adverse drug effects. For
antimicrobials with concentration-independent
killing pharmacodynamics, dosing regimens
should optimize the time for which concentra-
tions remain above the MIC. Escalating antimi-
crobial dosages for these antibiotics per se does
not significantly improve antimicrobial killing.

Increasingly, pharmacokinetic/pharmacody-
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Table 2.1 Pharmacokinetic and pharmacodynamic parameters correlating with efficacy of
antimicrobial therapy for various anti-infective classes

Pharmacokinetic : pharmacodynamic parameters Refs

Concentration-dependent killing agents
Aminoglycosides Peak : MIC, AUC0–24 : MIC 9–11, 13
Fluoroquinolones Peak : MIC, AUC0–24 : MIC 14–16
Metronidazole Peak : MIC 56, 57
Amphotericin B Peak : MIC 58–60

Time-dependent killing agents
�-lactams Time > MIC 17–21
Macrolides Time > MIC, AUC0-24 : MIC 1, 7, 8
Vancomycin AUC0–24 : MIC 1
Lincosamides Time > MIC 1
Tetracyclines AUC0–24 : MIC 1
Azoles Time > MIC, AUG0–24 : MIC 58–61
Oxazolidinones AUC0–24 : MIC 62–64
Streptogramins AUC0–24 : MIC 8, 65, 66
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Figure 2.3 Pharmacokinetic : Pharmacodynamic
parameters of interest in antimicrobial therapy.

namic relationships are being used to compare
the activity of antimicrobial agents (see Table
2.1 and Figure 2.3). This approach has several
inherent advantages over comparing drugs on
the basis of MIC data alone. First, by dividing



the serum pharmacokinetic parameter value by
the MIC, drugs with dissimilar potency and
pharmacokinetics can be directly compared. For
example, if a new fluoroquinolone that was
fourfold more potent against Pseudomonas
aeruginosa than an older and established fluoro-
quinolone were introduced on the market, it
would appear by comparing MICs alone to be a
superior drug for Pseudomonas infections.
However, if the drug concentrations achieved
with the new agent were one-sixth that
achieved with ciprofloxacin, it may actually be
a less effective agent. By creating a ratio of the
pharmacokinetic and pharmacodynamic para-
meters, disparities in potency and pharmacoki-
netics are normalized, thus allowing a more
direct comparison of the agents.12

Pharmacokinetic : pharmacodynamic (PK : PD)
ratios are very useful as markers or ‘break-
points’ of drug activity.12 It has been shown
for aminoglycosides, for example, that a
Cmax : MIC > 8–10 is associated with maximal
clinical efficacy against Gram-negative organ-
isms.9,13 For quinolones, such as ciprofloxacin, 
a serum Cmax : MIC > 12 or a serum
AUC0–24 : MIC > 125 (put another way, averag-
ing concentrations 4–6 times the MIC over the
dosing interval) have been associated with
maximal bacteriological and clinical outcomes
for Gram-negative infections.14–16 For drugs
with more concentration-independent killing
characteristics such as �-lactams, maintenance
of drug concentrations above the MIC for at
least 50% of the dosing interval has been associ-
ated with bacteriological efficacy.17–21

Once PK : PD breakpoints have been
described for an antimicrobial class, it is often
possible to compare agents with disparate
potency, pharmacokinetics, and pharmacody-
namics. Table 2.2 shows PK : PD breakpoints
achieved with various agents that often consti-
tute empiric therapy to treat Pseudomonas spp.
For most anti-pseudomonal �-lactams pre-
sented in the table, the critical breakpoint of
surpassing the MIC for greater than 50% of the
dosing interval is easily achieved at standard
dosages. However, if agents are compared on

the basis of the more conservative measure-
ment of the MIC (MIC90), one sees that many of
the drugs fall on the borderline of meeting the
PK : PD threshold of 50%. For some �-lactams
(e.g. cefepime and piperacillin/tazobactam),
activity can be improved by using higher
dosages and shorter dosing intervals.

Similarly, those agents with concentration-
dependent killing activity can be compared in
the same fashion. Quinolones such as
ciproflaxacin and levofloxacin both achieve a
serum Cmax : MIC > 12 if MIC50 data are con-
sidered. If the MIC90 data are assessed,
however, both agents fall well below the
Cmax : MIC threshold of 12 and AUC : MIC of
125, despite ciprofloxacin appearing initially to
be the more effective agent. This same strategy
of comparing antibiotics on the basis of PK : PD
parameters can be individualized using institu-
tional MIC data and dosing practices to
develop specific PK : PD antibiograms.
Clinicians can then identify both antimicrobial
agents and dosing strategies that would be
more effective for empiric therapy.

It is important to recognize, however, that
PK : PD ratios serve only as general markers of
antimicrobial activity and have many inherent
limitations. The vast majority of PK : PD data
derived for antibacterial and antifungal agents
have come from in vitro pharmacodynamic
models and animal studies – not from human
trials. Although these PK : PD breakpoints are
generally conserved among animal species (e.g.
a quinolone Cmax : MIC ratio that results in max-
imal bacteriologic efficacy is generally the same
in mice and humans), PK : PD data from animal
models may not be completely applicable to
humans. Also, it must be emphasized that the
vast majority of PK : PD experiments are based
on serum/plasma data, which may not always
reflect the conditions at the site of infection. It is
known, for example, that tissue concentrations
achieved with fluoroquinolones are often
higher than concurrent serum concentrations.
Therefore, the PK : PD data in Table 2.2 may
underestimate activity at the site of infection.
Most studies to date, however, have noted that
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serum/plasma drug concentrations (including
quinolone data) correlate best with clinical
response/efficacy. Finally, it is important to
remember there is a paucity of data that have
validated PK : PD ‘breakpoints’ with clinical
outcome in the neutropenic patient.

SPECIAL PHARMACOKINETIC
CONSIDERATIONS IN THE NEUTROPENIC
HOST

Tissue penetration

Besides the spectrum and potency of an antimi-
crobial agent, the penetration of an agent into
infected tissue is perhaps the most important
determinant of antimicrobial efficacy.22–24

Numerous factors can affect the distribution of
the drug from the bloodstream to the tissue,
including the ionic charge of the drug molecule,
lipophilicity, plasma protein binding, tissue
binding, and permeability barriers (e.g. central
nervous system (CNS) and aqueous humor).
The elimination rate of the drug from the body
can also affect the distribution/penetration of
the drug into infected tissues. For most drugs,
however, distribution occurs more rapidly than
elimination. One method used to estimate dis-
tribution of different drugs is to calculate the
apparent volume of distribution (Vd) of the
agent. As can be seen in Table 2.3, virtually all
antimicrobials have ‘volume’ values that sug-
gest a distribution outside of plasma (volume
approximately 3 l or 0.04 l/kg) and into tissues.
In fact, many agents have a volume of distribu-
tion value similar or greater than the total body
water (0.65 l/kg). One must be cautious,
however, in trying to utilize the Vd term to pre-
dict and/or relate to specific anatomic sites and
sites of drug accumulation/penetration in the
body.

For antimicrobials that are commonly uti-
lized as empiric regimens for patients with
febrile neutropenia, general categorizations of
drug penetration can be made (see Tables 2.3
and 2.4). Aminoglycosides have poor-to-

moderate penetration in tissues, including the
lung and CNS. These agents are likely to be
most effective for infections in the bloodstream
and urinary tract, and generally should not be
employed as monotherapy, particularly in the
neutropenic patient.25,26 Anti-pseudomonal
penicillins, carbapenems, and cephalosporins
achieve moderate-to-good concentrations in the
lung, tissues, and CNS (high dose), with the
exception of the so-called first-generation
cephalosporins (poor penetration in CNS). In
most cases, the use of a �-lactam provides good
baseline coverage into tissues throughout the
body. Vancomycin achieves moderate-to-good
concentrations in the lung and tissues;
however, higher dosages may be necessary to
achieve even moderate CNS penetration. In
general, fluoroquinolones and trimethoprim/
sulfamethoxazole reach high concentrations 
in tissues, and both agents exhibit good pene-
tration into the CNS. Amphotericin B and its
lipid formulations exhibit moderate-to-good
tissue penetration, particularly in the lungs,
spleen, kidney, and liver. However, CNS
penetration of amphotericin B is poor.27,28

Flucytosine, which possesses excellent CNS
penetration, should be used in combination
with amphotericin B during initial induction
therapy for cryptococcal meningitis and other
CNS fungal infections.29 Interestingly, liposo-
mal amphotericin B (AmBisome) may exhibit
higher CNS concentrations than conventional
amphotericin B.30–32 The azole, fluconazole, dis-
tributes widely to most tissues and the CNS.33

Similarly, itraconazole distributes to the lung
and other tissues, but does not penetrate the
CNS as well as fluconazole.27,34 Lastly, most
antivirals distribute widely throughout the
body; however, only acyclovir and ganciclovir
achieve clinically useful concentrations in the
CNS.35–37

Renal and liver dysfunction

The kidney serves as the primary route of elimi-
nation for the majority of antimicrobial agents
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(see Table 2.3). Therefore, decreases in kidney
function secondary to drug therapy (aminogly-
cosides, amphotericin B, cyclosporin, antineo-
plastic agents) or underlying disease states
(sepsis, hypotension) can have a profound
influence on the overall clearance of antimicro-
bial agents. In particular, the neutropenic popu-
lation is affected since they are often receiving
higher dosages of anti-infectives and are at
greater risk for the development of nephrotoxi-
city. For most antibacterial agents, dosing
adjustments are not necessary until the creati-
nine clearance is below 50 ml/min/70 kg (see
Table 2.3). However, for antibiotics that are pre-
dominantly eliminated renally, major dose regi-
men adjustments (e.g. one-half reductions) may
be necessary when the renal function is equal to
or greater than half-normal. Specifically, in
patients with a creatinine clearance of less than
30 ml/min/70 kg, patients should be dosed
according to specific guidelines for the drug or,
in the case of aminoglycosides, vancomycin,
and flucytosine, on the basis of serum drug con-
centration monitoring (see Table 2.3).

Dosage adjustments in patients with clini-
cally significant hepatic dysfunction are less
clear, because liver disease is associated with
changes in multiple factors that can affect drug
clearance (e.g. protein binding and Vd).38

Additionally, no clear clinical marker has been
correlated with changes in drug clearance in
hepatic dysfunction. The absence of a useful
marker precludes specific dosage adjustment
calculations. Generally, dosage adjustments are
approached on an individualized basis.
Dosages should be decreased in patients with
significant hepatic impairment (increases in
clotting factors) or with patients receiving
drugs with a narrow therapeutic index (e.g.
chloramphenicol).

Mucositis and graft-versus-host disease

Both mucositis and graft-versus-host disease
(GVHD) are complications of bone marrow
transplantation and intensive chemotherapy

that may have an effect on the pharmacokinet-
ics of antimicrobial agents. It is difficult to
describe, however, any consistent effect that
these conditions will have on drug absorption,
distribution, and elimination, partly owing to
institution-specific differences in chemother-
apy, infectious complications, and supportive
care. Although neutropenia itself does not
appear to markedly alter the pharmacokinetics
of �-lactams, aminoglycosides, quinolones, or
azole antifungal agents,39–49 antibiotic body
clearance may be increased in hyperdynamic
states such as sepsis or during periods of severe
stress.49 Moreover, fluid shifts and decreases in
serum albumin may affect the Vd, drug clear-
ance, and penetration of antibiotics into some
tissues and fluids.22

Mucositis/stomatitis may either increase or
decrease the rate and extent of antibiotic
absorption. If significant gut edema or
achlorhydria is present, absorption may be
delayed or decreased for some antibiotics.49,50 In
patients with grade II or grade III mucositis,
absorption is unpredictable. Several studies
examining the ability of oral non-absorbable
antimicrobial agents to decontaminate the gas-
trointestinal tract have documented significant
drug concentrations in the bloodstream in
patients with grade II–III mucositis.51–53

Oral antibiotic therapy is increasingly recog-
nized as a simpler and more cost-effective
option in the treatment of some low-risk
patients with neutropenic fever.54,55 Mucositis
and GVHD, however, should be considered rel-
ative contraindications towards the use of oral
antimicrobial therapy.26 The majority of studies
examining the use of oral therapy in the man-
agement of febrile neutropenia have excluded
patients with any evidence of mucositis or
GVHD. Moreover, these patients are at higher
risk for breakthrough infections on oral therapy
caused by streptococcal species, anaerobes, and
Candida species. Further studies are required to
document the effects of mucositis and GVHD
on antimicrobial pharmacokinetics.

38 TEXTBOOK OF FEBRILE NEUTROPENIA
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Table 2.4 CNS penetration and protein binding of antimicrobial agents in febrile neutropeniaa

Drug Biliary CNS concentration % protein binding
concentration (% serum)
(% serum)

Antibacterials

Aminoglycosides

Amikacin 30 10–30 0–10

Gentamicin 10–60 10–30 0–10

Tobramycin Inhalation (TOBI) 10–60 10–30 0–10

�-lactams
Amoxicillin/clavulanate 100–3000 12 20–30

Ampicillin/sulbactam 100–3000 13–15 18–22

Aztreonam 114–405 2–5 56

Cefepime 5 10 20

Cefotaxime 15–75 10 30–51

Ceftazidime 20–40 <10

Ceftriaxone 200–500 8–16 85–95

Imipenem/cilastatin <2 8.5 15–25

Meropenem 3–300 21

Nafcillin 6 9–20 90

Oxacillin 5–10 94

Penicillin G, crystalline 500 5–10 (HD)b 65

penicillin V
Piperacillin/tazobactam 100—6000 30 16—48

Ticarcillin/clavulanate 40 45/30

Fluoroquinolones
Ciprofloxacin 2–4 26 20–40

Gatifloxacin 4 36 20

Levofloxacin 5–6 30–50 24–40

Moxifloxacin 4–5 20–40 50

Ofloxacin 4–7 30–50 24–40

Lincosamides
Clindamycin 250–300 <1 85–94

a All data have been extracted from representative package inserts and reference 67.
b HD, high dose.

Contd
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Table 2.4 CNS penetration and protein binding of antimicrobial agents in febrile neutropeniaa – contd

Drug Biliary CNS concentration % protein binding
concentration (% serum)
(% serum)

Macrolides
Azithromycin Very high 2–13 12–50

Clarithromycin 7000 2–13 65–70

Erythromycin(s) High 2–13 70–74

Oxazolidinones
Linezolid <6 31

Streptogramins
Quinupristin/Dalfopristin 8–60 40–60

Vancomycin 50 7–14 (HD)b 10–55

Sulfonamides
Sulfisoxazole 40–70 80 40–60

Trimethoprim/sulfamethoxazole 100–200 40–50 40–70

Trimethoprim 100 40 40–70

Tetracyclines
Doxycycline 200–3200 93

Minocycline 200–3200 76

Tetracycline 200–3200 20–67

Others
Atovaquone 99

Metronidazole 100 30–100 20

Pyrimethamine 85

Rifabutin 7–56

Rifampin 10 000 7–56 80

Trimetrexate 95

Antifungals
Amphotericin B 3 90
deoxycholate

Amphotericin B 5–15
liposomal (AmBisome)

Amphotericin B 0–3
lipid (ABLC)
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Table 2.4 CNS penetration and protein binding of antimicrobial agents in febrile neutropeniaa – contd

Drug Biliary CNS concentration % protein binding
concentration (% serum)
(% serum)

Amphotericin B 0–3

lipid (ABCD)
Fluconazole 50–94 11–12

Flucytosine 60–100 2–4

Itraconazole 3–18 5 99
Capsules
Solution

Antivirals
Acyclovir 1–2 0.5 9–33

Amantadine 0.5 67

Cidofovir <0.05 <6

Famciclovir >1 <25

Foscarnet 0.69 17
Induction
Maintenance

Ganciclovir 0.25–0.7 1–2
Induction
Maintenance

Oseltamivir

Ribavirin 100–1000 0.7 0

Rimantadine >1 0.4–0.6

Valacyclovir 9–33

SUMMARY

Antimicrobial therapy remains the most impor-
tant medical intervention affecting survival in
the febrile neutropenic patient. With the
growing armamentarium of new agents, it 
is important that clinicians consider the
pharmacokinetic and pharmacodynamic prop-
erties of drug therapy in addition to the indi-
vidual antibiotic/pathogen MIC profile.

PK : PD ratios not only aid in the comparison of
anti-infective regimens with different potencies,
but also provide a useful method for develop-
ing institution-specific dosing strategies for
empiric therapy. There are significant differ-
ences among currently available antimicrobial
agents with respect to distribution and penetra-
tion into various tissues and bodily fluids. For
agents with low-to-moderate concentrations in
the lung tissue and CNS, higher dosages or



combination therapy should be considered for
empiric regimens. Finally, neutropenia itself
has not been shown to alter the pharmacoki-
netic behavior of antibiotics in patients, but is
often associated with other conditions that may
preclude the use of oral therapy in low-risk
patients.
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Controversies and quandaries: The design of
clinical trials in fever and neutropenia
Linda S Elting, Marianne Paesmans

INTRODUCTION

The evolution of clinical trial design in febrile
neutropenia has paralleled the evolution of the
antibiotic armamentarium. The initial study
establishing the relationship between neu-
trophil count and infection focused on mortal-
ity, a common event in the 1960s before modern
antibiotics were available.1 An early trial of car-
benicillin, which documented the need for
empiric therapy at the onset of infection, was a
‘before-and-after’ design.2 Results from the
introduction of empiric therapy with an anti-
pseudomonal penicillin were compared with
historical data. In this case, the mortality rate
was so high prior to empiric and specific 
anti-pseudomonal therapy, and the clinical
experience so consistent from one institution to
the next, that a randomized trial was not
required to demonstrate efficacy. As the options
for antibiotic therapy have increased, increas-
ingly stronger evidence from rigorously
designed clinical trials has been required to
change practice. Currently, clinical trialists are
challenged to design within-antibiotic-class
comparisons examining subtle differences
among very similar agents.3 Despite over four
decades of experience in clinical trials in febrile
neutropenia, many issues remain unresolved,
and new controversies have arisen with

advances in medicine and healthcare policy. In
this chapter, we describe the current state of the
art in design of clinical trials of febrile neu-
tropenia, and discuss the controversies that
challenge us in the field today.

THE STATE OF THE ART

Although controversies and challenges remain,
there is consensus on many methodological cri-
teria for clinical trials in febrile neutropenia.4

We discuss these in the following section.
Clinical trials designed to establish the useful-
ness of a new agent are divided into four
phases.5 Phase I trials examine the maximum
tolerated dose of the agent. Phase II trials
roughly estimate its efficacy and toxicity to
determine if it is worthwhile to proceed with
further research. Even when randomized, phase
II trials, are not conducted for comparison pur-
poses. Phase III trials compare promising
agents with the best known standard of care or
with placebo if no standard exists. Phase IV
trials examine the effectiveness in large unse-
lected populations. In this chapter, we focus on
methodological standards for phase II and III
trials of the efficacy of empiric antimicrobial
therapy for febrile neutropenia.



Trial design

Clinical trials are conducted for the purpose of
generalizing their results to the treatment of
future patients.6 They should therefore be
designed to maximize the generalizability of
the results and to minimize random error,
which has no preferred direction, and system-
atic error, called bias. In the absence of bias, the
distribution of the values of the estimated treat-
ment effect (in the case of repeated trials) is cen-
tered around the true value. In the presence of
bias, estimates of treatment effect are not cen-
tered around the true value.

The trial design should be described in a
master document (protocol) that includes the
following features.

• Description of the trial objectives The pri-
mary objective should be clearly described.
This objective will be used to determine the
sample size. Secondary objectives, which
will be analyzed descriptively for future
hypothesis generation, should also be
included.

• Design In the description of the design,
the phase (II or III) should be stated. The
standard for phase III trials is the random-
ized design. This design, which was first
used in clinical research about 50 years
ago,7 is the only design that reliably elimi-
nates selection bias. In large samples, it also
results in comparability of the study
groups.6 Random assignment is analogous
to random sampling, which is an assump-
tion basic to statistical inference. It is the
only accepted design when comparing the
efficacy of two (or more) treatments.

• Description of the targeted patient
population This description should include
a list of the eligibility criteria both for inclu-
sion and for exclusion from the trial, along
with operational definitions of these cri-
teria. At a minimum, definitions of fever
and neutropenia should be included.
(Guidelines for these definitions have been
provided by the Immunocompromised

Host Society.8) Other factors that influence
outcome may be used for inclusion or
exclusion of patients, depending on the
objectives of the study. These include the
underlying neoplasm, age, risk class as
defined by validated risk models,9,10 and
severity of illness. These also should be
clearly defined in the protocol. Some inves-
tigators have suggested the use of expected
duration of neutropenia as an eligibility cri-
terion. However, predictions of the dura-
tion of neutropenia at trial entry are
generally inaccurate. To avoid bias, all eli-
gible patients should be included in the
trial. If not, the number of patients rejected
should be recorded, along with the reason
for rejection.

• Description of the treatment plan A clear
description of dosing and administration
schedules should be included, as well as
instructions for duration of therapy, and
conditions for modification or discontinua-
tion of therapy. Descriptions of the number
and timing of clinical, laboratory, and
microbiological examinations should also
be specified.

• Description of the outcomes The most com-
monly reported outcome in trials of febrile
neutropenia is the response to the empiric
regimen. Although opinions vary on the
specific definition of this outcome, what-
ever the definition used, it should be speci-
fied a priori, because different measures
may yield different results.11 Other out-
comes, such as mortality, incidence of
adverse events or toxicities, and time to
defervescence, may also be useful. Timing
of the assessments of outcome should be
clearly delineated.

• Statistical design The objective of a clinical
trial is formally addressed by a statistical
test of one or more hypotheses. The null
hypothesis of no difference is typically
tested against an alternative hypothesis.
The observed results of the trial lead to
rejection of the null hypothesis or to accep-
tance of the null hypothesis. The decision is
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based on reasoning with probability distrib-
utions. Two types of random error may
occur. The null hypothesis may be rejected
when it is, in fact, true (type I error) or the
null hypothesis may be accepted when it is
actually false (type II error). The probability
of making a type I error is controlled in
each statistical test, and is reported as the
‘p value’. Classically, but often too dogmat-
ically, a p value of less than 0.05 results in
rejection of the null hypothesis. It should be
interpreted, case by case, considering the
other characteristics of the trial, particularly
the number of hypothesis tests performed.
The probability of a type II error is con-
trolled only by an adequate sample size,
which is achieved by using realistic esti-
mates of the expected response rates and
the difference that would be considered
clinically significant. This should be con-
sidered when interpreting a p value of
greater than 0.05, which does not necessar-
ily mean that the null hypothesis is true,
but only that there is insufficient evidence
that it is false.12

In phase II trials, the primary outcome of
interest is usually dichotomous – that is, it has
only two possible values, such as success and
failure. The objective is to estimate the success
rate and to determine whether further study
will be worthwhile by comparing the observed
success rate with a threshold rate specified a
priori. In order to limit exposure of patients to
an ineffective treatment, most designs use two
(or more) stages. After accrual of an initial
series of patients, the trial is terminated if the
study drug is clearly inferior. Otherwise, a
second series of patients is recruited to permit
precise estimation of the success rate and to
inform the decision to proceed to phase III
studies. The most commonly accepted two-
stage designs are those proposed by Gehan,13

Fleming,14 and Simon.15 There are two versions
of the Simon design, one minimizing the sam-
ple size for treatments of low activity and one
minimizing the maximum sample size.15

Recently developed alternatives include three-
stage designs,16 designs that evaluate efficacy
and toxicity jointly,17 and Bayesian designs,
which incorporate a priori estimates of the
probability of outcomes.18

We recommend a randomized design for all
phase III trials. In order to eliminate investiga-
tor bias, randomization should be organized so
that the investigator cannot know which treat-
ment will be received before an individual
patient is registered on the trial. In multicenter
studies, randomization should be centralized in
one coordinating center. The minimization
technique for treatment allocation results in a
minimal value of the global imbalance function,
and is a recommended choice.19

Most commonly, two treatments are com-
pared, with the intention of detecting a
previously specified, clinically significant dif-
ference,20 using either a fixed sample size or a
planned interim analysis with early trial termi-
nation possible in the case of a treatment dif-
ference greater than expected.21 In some cases,
the goal is to show equivalence between the
studied treatments.22 For the primary compari-
son, the probability of type I error is set to 5%
and the probability of type II error to 10–20%.
The decision between an equivalence trial and a
superiority trial must be made early in the
design phase, because it has a major impact on
both sample size and on the hypothesis tested.
During the design phase, the sample size is cal-
culated and a plan of the statistical analysis is
prepared. This plan includes the statistical tests
that will be used and the subsets that will be
analyzed separately (intention to treat and per
protocol).

Trial monitoring

Monitoring the progress of the trial is as impor-
tant as monitoring the progress of individual
patients. Patient accrual, investigator com-
pliance with the protocol, and safety monitor-
ing should be done systematically. This is
particularly important for multicenter trials,
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and clear procedures for timely communication
of key monitoring information between investi-
gators and the central data monitoring center
should be specified as part of the protocol. No
preliminary analyses of the primary outcome
are conducted unless planned a priori, with
appropriate statistical adjustment for the mul-
tiple statistical tests. If interim analyses are
planned, the results are not communicated to
the investigators or to the scientific community
prior to completion of recruitment. Ideally,
interim analyses are performed and interpreted
by an independent data monitoring board,
which advises the principal investigator on
early termination or continuation of the trial.23

Outcome assessment

The assessment of outcomes should be as con-
sistent as possible. In multicenter trials, the data
review committee determines the eligibility and
outcome of each case. The reviewers are
blinded to the treatment received. The data
review committee will also conduct site visits to
verify protocol compliance and data against the
source documents.

Trial analysis and reporting

Standards for analyzing and reporting the
results of clinical trials have been described pre-
viously.8,24–26 Briefly, the analysis should begin
with a description of the number of patients
registered in the trial, the number of ineligible
patients, with a description of the reasons for
ineligibility, and the number of inevaluable
patients (and reason for inevaluability). In ran-
domized trials, these results should be reported
separately for each treatment group. This analy-
sis is followed by a description of the patients’
characteristics, including, at least, demographic
characteristics, sites of infection, and documen-
tation of infection, pathogens and susceptibili-
ties. The type and dosage of chemotherapy
should be specified for descriptive purposes,

although, at the present time, there are no sim-
ple means to predict the occurrence and course
of febrile neutropenia on the basis of the type of
chemotherapy that has been given.

In the case of randomized trials, the compa-
rability of the treatment groups for important
prognostic factors should be examined. If
imbalances are discovered for important prog-
nostic factors, statistical comparisons of the
treatment groups should be adjusted retrospec-
tively. If the outcome is dichotomous, the logis-
tic regression model can be used for this
purpose.27 Time-to-event distributions can be
estimated using the Kaplan–Meier technique
and compared using the logrank test.
Examination of time-to-event outcomes with
adjustment for covariates can be accomplished
using Cox proportional hazards regression.28

Reports of the results of hypothesis testing
should be accompanied by reports of parameter
estimates with confidence intervals (a confi-
dence level of 95% is generally adequate).
Ideally, interpretation of the data will include
examination of both p values and confidence
intervals to permit assessment of clinical and
statistical significance.29

CONTROVERSIES AND QUANDARIES

Despite the sophistication of current trial
designs, there are still a number of controver-
sial and challenging issues to be resolved. The
perennial problem of ensuring comparability of
the study groups and generality of results
plagues studies of febrile neutropenia as it does
other studies. Blinding of trials, although theo-
retically optimal, is clinically and operationally
challenging. In addition to these longstanding
issues, methodological advances and changes
in the healthcare marketplace have introduced
new challenges in clinical trial design. These
include the use of alternatives to classical fixed-
sample-size designs and conducting cost–effec-
tiveness analyses alongside clinical trials.
Among the more controversial issues are the
choice of outcomes to measure and the hand-
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ling of multiple entries and withdrawals. We
discuss each of these below.

How can the generality of results be
ensured?

The sole reason for conducting clinical trials is
to apply the observed outcomes of subjects in
trials more broadly, to a larger population.
Therefore, it is essential that the study sample
and the larger population be similar with
respect to factors that affect clinically important
outcomes of the condition. Factors affecting the
outcomes of febrile neutropenia have been well
described.1,8,30 They include host factors,
infection-related factors, and factors related to
antineoplastic therapy (Table 3.1). Depending
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Table 3.1 Prognostic factors in febrile
neutropenia

Host factors

Severity of illness
Comorbid conditions
Stage of disease
Age

Infection factors

Site of infection, especially complex tissue
infections
Pathogen and susceptibility
Shock

Treatment factors

Depth of neutropenia
Duration of neutropenia
High-dose chemotherapy
Bone marrow transplantation
Presence of catheters
Prophylactic antibiotics

on the purpose of the study, any or all of these
may be clinically important.

The prevalence of these factors varies signifi-
cantly, depending on practice patterns, referral
patterns, and the local microbiological flora. To
the extent that the prevalence in the study sam-
ple does not match that in the overall or refer-
ence population, the results of the study will
not be useful. In order to ensure that the results
of trials are useful outside the study sample,
stratified analyses accounting for those factors
present at baseline are appropriate. (Subset
analyses of factors that occur during the course
of therapy should be avoided, since their occur-
rence may be affected by the study drugs. This
will almost certainly bias the results of the
study.31) Univariate subset analyses by a few
variables of relevance to the specific population
(specified a priori) and multiple-variable mod-
eling of overall response rates are recom-
mended. However, numerous subset analyses
should be avoided, because of the risk of
observing chance occurrences of statistically
significant differences. To compensate for this
problem, a lower threshold for statistical signif-
icance should be used.

By what method is comparability of groups
ensured?

In comparative trials, it is also essential that the
study groups be comparable at baseline with
respect to the prognostic factors mentioned
above. However, in studies of febrile neutrope-
nia, there are substantial within-study hetero-
geneities in prognostic and complicating
factors. Randomization does not guarantee
comparability with respect to important prog-
nostic factors – it leaves comparability to
chance. As illustrated in Table 3.2, in some ran-
domized trials, imbalance of important prog-
nostic factors occurs. Stratification is used prior
to randomization to ensure comparability for a
few prognostic factors known at baseline.32–39

Depending on the hypotheses and population
being studied, these may include age, risk



group, severity of illness or comorbidity score,
and study site (in multicenter studies).

Unfortunately, the most significant predic-
tors of outcome of febrile neutropenia are not
known prior to randomization. In some cases,
surrogates can be used. For example, growth
factor use, high-dose chemotherapy use, and
bone marrow transplantation are reasonably
good surrogates for the depth and duration of
neutropenia. The presence of shock is a fair sur-
rogate for the presence of systemic infection.
However, none of these are perfect surrogates.
Therefore, it is generally necessary to construct
multiple-variable models of outcome to account
for prognostic factors present at baseline, but
not yet known.

Which outcomes should be measured and
reported?

The outcomes of interest in clinical trials of
febrile neutropenia have evolved as antibiotic
agents have become more effective and effect-
ive agents have become more numerous. Most
agree that the primary outcome of interest is
response to antibiotic therapy, but opinions dif-
fer widely on the timing of its measurement.4

Some measure response at the end of initial
therapy, and others measure it after therapy has
been modified.40,41 In the absence of a standard
definition for the primary outcome, meta-
analyses and informal comparisons across trials
are virtually impossible. In the absence of con-

sensus, we favor reporting both outcomes.
Infection-related mortality is an important out-
come, but, in trials of modern antibiotic regi-
mens, it is usually too rare an event to be
practical in clinical trials. All-cause mortality is
too non-specific to be useful in a cancer popu-
lation. The incidence of toxicity or superinfec-
tion may be useful in discriminating between
antibiotic regimens of similar efficacy. A recent
study suggests that time to response also shows
promise in this regard, but its usefulness in
practice remains to be demonstrated.42

Outcomes in clinical trials also reflect recent
therapeutic developments and trends in the
healthcare industry. In trials of outpatient ther-
apy of febrile neutropenia, response in the out-
patient setting is as important as response to
antibiotic therapy. Trends in quality of life and
tools for measuring quality of life during febrile
neutropenia are currently being studied.
Finally, in today’s world, economic outcomes,
such as duration of antibiotics, duration of hos-
pitalization, and cost of care, are also important.

Is there a more efficient alternative to the
traditional fixed-sample-size randomized
design?

The fixed-sample-size randomized controlled
clinical trial (RCCT) is the gold standard for
comparisons of therapies for febrile neutrope-
nia and for all other conditions. However, these
trials can be prohibitively difficult for uncom-
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Table 3.2 Comparability of treatment groups in two randomized studies

Ref Regimen 1 Regimen 2 Regimen 3 p value
% pneumonia (95% CI) % pneumonia (95% CI) % pneumonia (95% CI)

60 4 (2, 8) 4 (2, 8) — 0.66
61 21 (15, 29) 10 (6, 16) 11 (6, 17) 0.009

CI, confidence interval.



mon problems, and they are costly for the most
common of problems. Designs requiring
smaller sample sizes would be preferable.
Furthermore, fixed-sample-size RCCTs possess
the undesirable characteristic of exposing as
many subjects to an inferior therapy as the
superior therapy.43 Ethicists and statisticians
have argued that in trials addressing uncom-
mon or life-threatening conditions, the weight
of the individual’s interests exceeds the collect-
ive (research) interest of society.43 Therefore,
exposure of individual subjects to an inferior
therapy should be minimized. For ethical and
practical reasons, alternative, data-dependent
randomized designs have been studied for
decades.43–49 These are used only rarely, but
trials of febrile neutropenia present a promising
venue for such designs.

Data-dependent randomized designs are of
three basic types. ‘Adaptive’ designs incorporate
accumulating outcome data to amend probabili-
ties of treatment allocation in order to give
patients a better chance of receiving the superior
treatment. This is a randomized, play-the-winner
design. ‘Bayesian’ designs test prior estimates of
probabilities against implied posterior probabili-
ties, which are updated as evidence accumulates.
It is generally unnecessary to continue such trials
to the prespecified accrual. ‘Sequential’ designs
involve interim monitoring for predetermined
threshold values of outcomes, which, when
crossed, lead to termination of the trial. Each
interim test affects type I error (‘spends alpha’),
and therefore adjustment of the overall signifi-
cance level is required for the final analysis.
These designs are only practical when individual
subjects’ outcomes are known rapidly (before
recruitment of the remainder of the subjects).
Bayesian designs are only practical when other
phase III or pilot study data are available on
which to base prior estimates of probabilities.43

Should clinical trials be ‘blinded’?

If the RCCT is the gold standard in clinical
research, a blinded RCCT is the platinum stan-

dard, and a double-blinded RCCT is the jewel
in the crown. Blinding is a mechanism by which
investigators and/or subjects are kept ignorant
of which of the alternative therapies (investiga-
tional or control) is received.32 It is achieved by
‘packaging’ the investigational and control
therapies so that they appear identical to the
subjects and caregivers. The study report forms
are also ‘packaged’ so that study drug assign-
ment is unknown to those assessing response.

Blinding minimizes the risk that actions or
judgements on the part of investigators or sub-
jects will bias the results of the trial. Blinding of
study subjects is essential when the outcomes
that will be measured are subjective, such as
symptom severity, wellbeing, or quality of life.
Investigator blinding is essential to allow unbi-
ased assessment of outcomes. Even assessment
of mortality, which appears to be a straight-
forward clinical event, can be biased in
unblinded studies if knowledge of the treat-
ment assignment influences attribution of cause
of death. It is also important in studies that per-
mit amendment of treatment plans based on
clinical judgement. Although blinding adds to
the complexity and cost of studies, the primary
objection is usually a clinical one. Sometimes,
management of the treatment or its complica-
tions requires knowledge of the specific treat-
ment to which the subject has been assigned.
On the basis of this clinical objection, blinding
is commonly rejected as an option. However, in
such cases, it is often possible for a physician
external to the study to decide on the proper
course of action, without compromising the
care of subjects. Although it is occasionally in
the best interest of an individual subject to
break the blinding, this rare event should not
preclude the use of blinding in clinical trials.

How should multiple episodes in the same
patient be handled?

Entry of multiple episodes of febrile neutrope-
nia in a single patient violates the assumptions
of independence required by most statistical
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tests. Practically speaking, multiple entries per
patient may introduce bias due to within-
patient correlation for important prognostic fac-
tors and for outcomes. The risk of this problem
in febrile neutropenia is not trivial. When mul-
tiple episodes are closely related in time, it is
likely that severity of illness, use of growth fac-
tors, high-dose chemotherapy and BMT, and
depth and duration of neutropenia will be vir-
tually identical. Nevertheless, most infectious
disease experts agree that inclusion of multiple
entries is desirable, provided that sufficient
time (usually 14 days) has elapsed between
episodes to ensure that a new episode has
occurred. Thus, multiple entry of individual
patients is commonplace in published trials of
febrile neutropenia, and is endorsed by expert
panels.8 Two techniques may be used to
account for the violation of assumptions intro-
duced by this practice:

1. When multiple entries occur, a separate
analysis, using only one episode per patient
(either the first episode or a randomly cho-
sen episode) should be reported. If differ-
ences between study drugs change in a
clinically or statistically meaningful way,
confounding due to multiple entries is
likely and the results should be interpreted
in that light.

2. A second option is to include all episodes
for all patients in a mixed, multiple-variable
model, with patients nested within febrile
episodes. This is effectively a repeated-
measures analysis, which accounts for
within-patient correlation for prognostic
factors. Such analyses can now be com-
puted with standard statistical packages
such as SAS.

How should withdrawals be handled?

Studies of febrile neutropenia vary in the fre-
quency with which subjects, once randomized,
fail to receive the entire course of therapy speci-
fied by the protocol. Two clinical phenomena –

‘early deaths’ and adverse reactions that
require discontinuation of the study drug –
account for the majority of such cases. Studies
also vary in the frequency with which subjects,
initially considered eligible for the study, are
proven to be ineligible, after more complete
diagnostic evaluation. Most studies of empiric
therapy of febrile neutropenia include at least a
few patients whose specific infections render
them ineligible after the results of baseline cul-
tures become available. Most studies also
include a few patients whose fever is proven to
be due to problems other than infection. These
patients are typically considered inevaluable.
Although removal of inevaluable and ineligible
cases from the analysis of eligible subjects who
complete an entire course of therapy is intu-
itively appealing, their removal can introduce
bias of unknown magnitude and direction.50

Several methods of handling withdrawals
have been suggested, from retaining all such
cases in the analysis to removing them. Based
on what is known about febrile neutropenia
and patients’ responses to antibiotic therapy,
we favor retention of patients who receive inad-
equate trials because of early deaths or adverse
events and classification of such cases as fail-
ures to antibiotic therapy. Elimination of such
cases removes failures from the analysis; a truly
inferior antibiotic regimen presumably would
have more such cases than an optimal regimen.
Thus, the results of a comparison would be
biased in favor of an inferior regimen.

The case of ineligible subjects is less straight-
forward. Inclusion of patients with proven fun-
gal infections in the analysis of a trial of
antibacterial antibiotics is counterintuitive.
However, removal of subjects whose fungal
infections are documented late in the course of
antibiotic therapy biases the results in favour of
regimens that predispose to fungal superinfec-
tion. Given the necessity of treating febrile
neutropenia empirically, we recommend
enrollment of patients presumed to be eligible
and subsequent withdrawal of ineligible
patients based only on the results of diagnostic tests
obtained at baseline. We further recommend
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removal of patients considered inevaluable for
other reasons, such as fever due to other causes.
In such cases, two analyses should be presented
– one an intention-to-treat analysis, with
inevaluable subjects included, and a second
with such subjects removed (per protocol
analysis).50

Should cost–effectiveness analyses be
conducted alongside clinical trials?

Cost–effectiveness analyses alongside clinical
trials are controversial.51–59 Such analyses pro-
vide high internal validity because of the exten-
sive clinical information obtained for the trial.
Piggybacking cost–effectiveness studies on to
clinical trials also may be a more efficient and
less costly way of collecting such data.
However, these analyses involve significant
tradeoffs. High internal validity is obtained at
the cost of very questionable external validity.
To what extent do patients enrolled on a clinical
trial resemble all patients with febrile neutrope-
nia? How generalizeable are costs and resource
utilization derived from protocol-driven care in
academic centers? In our view, the argument
that tips the balance toward conducting such
trials is that decisions about reimbursement for
new agents are made at the time products are
licensed. If cost–effectiveness analyses are
delayed until phase IV or prospective
community-based data are available, then
many patients may be denied access to new
agents.

For these reasons, we recommend that
cost–effectiveness analyses be conducted along-
side phase III clinical trials in febrile neutrope-
nia. From a methodological standpoint, there
are two important issues in such trials. First,
there is the problem of sample size. Because the
ratio of the effect size to the variance is typically
smaller than that for clinical outcomes, sample
sizes for phase III studies may need to be
increased to provide sufficient power.55,58 We
recommend that cost-of-therapy studies be con-
ducted alongside phase II studies in order to

obtain preliminary estimates of the magnitude
and variance of cost in order to inform
decisions about sample size for phase III stud-
ies.

The second major methodological problem is
outcome measurement. Cost–effectiveness is
generally expressed as the incremental cost per
quality-adjusted life-year. Episodes of febrile
neutropenia are short-term health states; there-
fore, the results of such analyses are measured
in life-months or days. An incremental advant-
age in quality-adjusted life-months could
potentially be realized from (i) a lower mortal-
ity rate, or (ii) higher quality because of more
rapid response to therapy. As previously noted,
mortality is extremely uncommon, and is
unlikely to be useful in discriminating between
antibiotic regimens. Thus, the challenge in
cost–effectiveness is to measure quality of life
during the short duration of febrile neutrope-
nia. Although this issue is being studied, there
are currently no widely accepted tools for mea-
suring quality of life during febrile neutropenia.

SUMMARY

Clinical trial methodology in febrile neutrope-
nia has developed significantly since the initial
trials were conducted in the 1960s. However,
important controversies still remain, and new
developments in the healthcare marketplace
demand innovative methodological solutions.
Data-driven designs, methods for cost–effec-
tiveness, and measurement tools for quality of
life during febrile neutropenia are particularly
fruitful topics for methodological research.
Such research is critical to the success of future
trials in febrile neutropenia.
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4
Current epidemiology of infections in
neutropenic cancer patients
Winfried V Kern

INTRODUCTION

Fever is the most frequent – sometimes the only
– sign of infection subsequent to neutropenia.
Most epidemiologic studies have focused on
fever episodes and have evaluated their causes
and outcome. A rough approximation of fever
incidence rates according to the duration of
neutropenia is shown in Figure 4.1. Severe
infections may sometimes develop without
fever. Conversely, fever may not always result
from infection, and may remain unexplained. 

In addition to the depth and duration of neu-
tropenia, other variables may impact on the fre-
quency and causes of infectious complications
in neutropenic patients. These include age,
comorbidities, activity and site of the under-
lying disease (‘obstruction leads to infection’),
preceding type of therapy (type and doses of
chemotherapeutic agents; radiation), variables
related to exposure to pathogens (including
hospital hygiene, intravenous catheter use and
care, diet, air filtration, etc.), use of antimicro-
bial chemoprophylaxis (Figure 4.1), and others.
Although fever in a severely neutropenic host
requires prompt diagnostic work-up and initial
empiric therapy, there is considerable hetero-
geneity in causative pathogens, sites of infec-
tion, clinical evolution, and risk of severe
complications. 
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Figure 4.1 Schematic diagram estimating the
incidence of fever according to the duration of
neutropenia (neutrophils <500/µl). Mucositis and
antibacterial prophylaxis among other variables may
impact on the fever incidence, as indicated by the
arrows and the dashed lines.

The outcome of febrile neutropenia has
improved after the adoption of the concept of
empiric antimicrobial therapy and with the
availability of broad-spectrum �-lactams for ini-
tial therapy.1–3 Deaths from primary infection,
however, continue to be observed. Complicated
secondary infections due to drug-resistant
microorganisms have now become more



common in patients with a long duration of
neutropenia, and reduce the likelihood of sur-
vival.4,5 In an analysis of 3080 febrile neu-
tropenic patients selected to participate in
clinical trials of the European Organization for
Research and Treatment of Cancer (EORTC)
International Antimicrobial Therapy Co-
operative Group, the acute mortality rate was
3.2%, while the mortality rate at the end of the
febrile neutropenic episode was 8.7%.6

EPIDEMIOLOGY

Acute leukemia

Bone marrow involvement and intensive
chemotherapy render the patient with acute
leukemia highly vulnerable to infection.7 Often,
neutropenia lasts 3 weeks or longer, and
patients with early onset of fever and pro-

longed periods of broad-spectrum antibiotics
are at increased risks of developing fungal
superinfections. In a retrospective study at the
University Hospital of Zürich, the incidence of
febrile neutropenia among acute leukemia
patients (139 patients; 230 neutropenic
episodes) was 86%.8 In a retrospective analysis
at Ulm University Hospital and Medical Center,
the overall incidence of febrile neutropenia in
hospitalized adult patients with acute leukemia
(period 1990–1993, 221 patients, 539 neutropenic
episodes) was 71%. This rate had been similar in
an earlier analysis, and did not change substan-
tially in more recent years (Figure 4.2). Fever
was best predicted by the duration of severe
neutropenia (<100 cells/µl) and the type of
leukemia (lymphoblastic, ALL, versus myeloid,
AML) (Figure 4.2), while age, sex, and type of
chemotherapy were not predictive, and the status
(relapsed/refractory versus de novo) was mar-
ginally significant (unpublished observations). 
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Intensive consolidation with high-dose cyto-
sine arabinoside (HDAC) has been associated
with a high incidence of fever.9 Streptococcal
bacteremia, sometimes associated with respira-
tory distress syndrome, has been reported as a
complication. Complications of HDAC with
daunorubicin and with idarubicin respectively
may lead to differing complications in the
course of fever. HDAC–idarubicin combina-
tions may be associated with greater gastroin-
testinal damage, resulting in more cases with
diarrhea or typhlitis/enterocolitis.10 These
observations illustrate the impact of chemother-
apeutic regimens on fever and infection.
Patients with ALL (compared with AML)
develop fever less often during remission
induction, partly because the antileukemic regi-
mens frequently contain steroids. This may
increase the risk of fungal infections. These
patients also develop infections after neutrophil
recovery.11,12 The type of steroids (dexametha-
sone or prednisone) may have an influence on
infectious complications.13 The incidence of
febrile neutropenia in childhood leukemias is
lower than in adult acute leukemia patients,
and the outcome better.14

Other hematologic malignancies

Not all chemotherapy regimens for Hodgkin´s
disease or non-Hodgkin´s lymphoma (NHL)
produce profound neutropenia. Also, depend-
ing on marrow reserves, neutropenia after com-
monly used lymphoma regimens seldom lasts
longer than 5–6 days. Accordingly, the inci-
dence of febrile neutropenia may be quite low.15

Lymphoma patients may have other defects in
host defense in addition to neutropenia.
Examples are multiple myeloma and chronic
lymphocytic leukemia patients with functional
hypogammaglobulinemia. Hodgkin´s disease is
associated with T-cell defects, increasing the
susceptibility to opportunistic infections such
as listeriosis, cryptococcosis, and toxoplasmo-
sis. Enhanced susceptibility to opportunistic
infections in Hodgkin´s disease and some NHL

patients may also be related to the wider use of
immunosuppressive drugs such as steroids and
purine analogs. Agents such as fludarabine and
2-chlorodeoxyadenosine (cladribine) enhance
the risk of opportunistic infections by inducing
a long-lasting T-cell defect that can be meas-
ured by enumerating CD4� T cells in the
peripheral blood.16,17

Chemotherapy for solid tumors

The incidence of febrile neutropenia in solid
tumor patients receiving chemotherapy
depends on the dose intensity of the cytotoxic
regimens. Many regimens do not produce pro-
found neutropenia. Accordingly, febrile neu-
tropenia may be quite uncommon. Fever
incidences in small cell lung cancer are usually
less than 50%.15 Fever was reported in 15 of 45
ovarian cancer patients (33%) receiving 177
cycles of paclitaxel with or without platinum.18

Fever after chemotherapy for testicular cancer
was also relatively uncommon (<20%).19,20 The
initial cycle is more likely to put patients at risk
of developing fever than are subsequent cycles.
The reasons for this are manifold, and  include
high tumor burden leading to obstruction
and/or reduced general status or even
cachexia. Also, patients are often in hospital
and have undergone recent surgery and/or
other invasive procedures when they are
receiving their initial chemotherapy, while sub-
sequent cycles are given on an outpatient basis.
Less exposure to nosocomial flora and a better
general status then contribute to a better toler-
ance of cytotoxic drugs.

Blood stem cell and bone marrow
transplantation

Numerous reports have assessed the frequency
and outcome of infectious complications after
high-dose chemotherapy with autologous
peripheral blood stem cell reinfusion
(autoPBSCT).21–26 The duration of neutropenia is
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usually about 7–10 days, depending on marrow
reserves,  pretreatment with cytotoxic drugs,
prior radiation, and the number of reinfused
CD34� cells. Many centers that offer this
comparatively new approach use prophylactic
antimicrobial regimens similar to those used for
allogeneic peripheral blood or bone marrow
transplant (alloBMT) recipients. Nevertheless,
reported fever incidence rates in many centers
appear to be high: greater than 60%, and often
approaching 100%. Death rates, however,
appear to be lower than those reported in acute
leukemia patients, most likely because of the
much shorter duration of neutropenia.
Experience has been obtained with autoPBSCT
patients in ambulatory care settings.27–29 There
is no indication that fever is more or less fre-
quent in ambulatory patients compared with
hospitalized patients. Based on the available
literature, however, one should expect that
roughly half of the patients, if not more, require
readmission – most because of febrile neutrope-
nia that is not manageable on an outpatient
basis. A significant problem in these patients
may be severe mucosal damage, leading to
stomatitis, abdominal pain, and diarrhea.
Bacterial translocation or endotoxinemia lead-
ing to fever may thus be facilitated. 

Although the use of allogeneic peripheral
blood stem cells instead of bone marrow has
reduced the time to engraftment, fever inci-
dence rates and infection rates during the early
neutropenic phase have remained high in this
setting. Depending on the use of chemoprophy-
laxis and on environmental exposure, docu-
mented infections, including secondary
infections, may be more common in alloBMT
patients than in autoPBSCT patients.30–32 (See
Chapter 7.)

Neutropenia due to other causes

Limited epidemiologic data are available on the
incidence of fever in patients with neutropenia
due to myelodysplastic syndromes (MDS) and
aplastic anemia, and in patients with non-

malignant chronic neutropenia.33–36 Case–con-
trol studies in the setting of HIV-related neu-
tropenia have estimated an adjusted risk of
greater than 20-fold for Gram-negative bac-
teremia in patients with a neutrophil count of
below 250 cells/µl compared with patients with
levels above 1000 cells/µl.37,38 Some of the infec-
tious complications among such patients are
due to complex host defense deficits, such as
hypocomplementemia, T-cell deficiencies, or
qualitative defects in phagocyte function in
addition to neutropenia. It is important to rec-
ognize that chronic neutropenia preceding
intensive chemotherapy (as is often the case in
MDS) or immunosuppressive therapy (as in
aplastic anemia) predisposes the patient to sub-
stantially increased risks of infection due to
increased colonization with fungi and/or anti-
biotic-resistant  bacteria. 

IMPACT OF ANTIMICROBIAL PROPHYLAXIS
ON FEVER IN PATIENTS RECEIVING CANCER
CHEMOTHERAPY

Some studies of antibacterial prophylaxis have
shown a significant reduction in the incidence
of fever during neutropenia.39,40 One explana-
tion may be that it is inherently difficult to
show effects on fever incidence rates on the
extreme sides of neutropenia, i.e. in short-dura-
tion and  very long-duration neutropenia. It is
more likely to be able to show an effect, if it
exists, in patients with intermediate duration of
neutropenia (Figure 4.1). Few studies have eval-
uated the time to onset of fever. Delayed fever
onset and reduced fever duration might well be
acceptable endpoints of effective prophy-
laxis.41–44 Prophylactic regimens targeting
Gram-positive bacteria (such as addition of
rifampin, macrolides, or penicillins) have not
been more effective than regimens that primar-
ily target Gram-negative bacteria (single-drug
fluoroquinolone prophylaxis).39,45,46 In studies of
antifungal prophylaxis, fever has not com-
monly been used as endpoint. 
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UNEXPLAINED FEVER VERSUS INFECTION,
PRIMARY INFECTION VERSUS
SUPERINFECTION

Unexplained fever (or fever of unknown origin,
FUO) – i.e. negative cultures and no localizing
signs and symptoms – is common in neu-
tropenic patients. The pathophysiology of unex-
plained fever is poorly understood. Some
investigators believe that such episodes are
infections with a low microbial load, which in
the absence of empiric therapy would eventu-
ally develop into overt infection. Careful exami-
nation may reveal mild localizing symptoms, or
viral infection. Using eubacterial rRNA poly-
merase chain reaction (PCR), one can find evid-
ence of DNAemia (bacteremia with non-viable
organisms or below the threshold of conven-
tional cultures) in approximately 25% of febrile
neutropenic patients without culture-proven
bacteremia.47 In unexplained fever episodes,
there is usually a moderate cytokine response
measurable in the plasma that is not very differ-
ent from that with non-bacteremic documented
infections.48,49 Fungal DNAemia has also been
found in patients with FUO who later
developed documented invasive fungal infec-
tion.50–52 The inability in some studies of pro-
phylaxis to reduce the incidence of fever

despite a reduction in the incidence of docu-
mented infection may be due to the drug’s
effect of rendering cultures negative, i.e. sup-
pressing viable organisms to counts below the
limit of detection. Blood culture studies using
resin media to inactivate residual drug activity
in blood samples support this view.53,54 Thus
FUO or fever with non-specific mild localizing
signs and symptoms often represents an early
phase of infection that cannot be documented
by routine clinical examination and laboratory
tests. It is plausible that the shorter the neu-
tropenia, the more frequent is FUO, while docu-
mented infections tend to become more
common as neutropenia persists (Figure 4.3).
Two recent studies among low-risk neutropenic
patients (median duration of neutropenia less
than 5 days) reported a relative frequency of
unexplained fever of about 60–70%.55,56 Among
patients with acute leukemia and alloBMT
recipients (median duration of neutropenia
longer than 10 days) this proportion is usually
less than 50%. The prognosis of FUO is excel-
lent, both in terms of time to defervescence
with initial empiric therapy and in terms of sur-
vival (Figure 4.4). However, while many
patients at initial presentation have unex-
plained fever, FUO is a diagnosis that can be
established only at the end of neutropenia.
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DOCUMENTED INFECTIONS

A commonly used classification differentiates
microbiologically documented infections (with
or without bacteremia) from clinically docu-
mented infections. Widely used in studies of
initial empiric therapy,57 this classification has
limited prognostic implications – primarily
because it does not recognize the focus of infec-
tion. Review of a number of studies suggests
that among non-bacteremic infections, pul-
monary infection differs most in prognostic
characteristics from infections at other sites.
Also, the prognosis of bacteremic infection dif-
fers substantially between cases with or with-
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Figure 4.4 Time to defervescence (in days) according
to type of infection. Data are from a retrospective
study at Ulm University Hospital and Medical Center
evaluating the outcome of febrile neutropenic
episodes among adult patients with acute leukemia
(period 1990–1993). The insert shows the time to
defervescence for the subgroups of patients with
bacteremia with (E) and without (F) pulmonary
infiltrates.

out a clinical focus; and among the cases with a
clinical focus, bacteremia with pneumonia may
be the most critical infection (Figure 4.2).
Conversely, urinary tract infections (without
bacteremia) or cases of mild tonsillopharyngitis
(clinically documented infection) do not signifi-
cantly differ in their prognosis from FUO.

Bacteremia

Bacteremia is one of the most frequent compli-
cations of neutropenia. Classically, enteric
Gram-negative rods have been the most fre-
quent pathogens of bloodstream infections.
Over the past three decades, considerable
changes have occurred in the types of bacteria
causing infection.58–65 As a consequence of long-
dwelling intravascular devices, fluoroquinolone
prophylaxis, and high-dose chemotherapy-
induced mucositis, there has been a shift
towards bacteremia due to Gram-positive cocci
(Table 4.1). 

Organisms enter the bloodstream via
mucosal sites, skin, or intravascular catheters.
Entry via the gastrointestinal tract is probably a
common event, and a number of unexplained
fevers may represent portal bacteremias. The
more aggressive the chemotherapy and result-
ing mucosal damage, the more likely is bac-
teremia with saprophytic organisms from the
oropharyngeal microflora (which do not need
to pass the liver). The quantity of the pathogen
that entered the bloodstream may make a dif-
ference.66 Numerous, unusual blood culture iso-
lates from neutropenic patients represent oral
microflora constituents. Examples include
Micrococcus, Gemella, Stomatococcus, various
streptococci, Leptotrichia, Actinomyces, and
Fusobacterium. 

Incidence
The proportion of bacteremic infections among
febrile neutropenic episodes ranges between
10% and 40%. Occasionally, higher rates have
been reported.30 The overall incidence of bac-
teremia per neutropenic episode ranges

Key: A, bacteremia; B, FUO; C, non-bacteremic
non-pulmonary focal infection; D, pneumonia.



between less than 3% and 30% (Figure 4.3).
Without effective chemoprophylaxis, more than
half of the isolates are Gram-negative rods. In
patients with acute leukemia and in BMT recip-
ients, the expected incidence of Gram-negative
bacteremia per neutropenic episode is about
15–20%; in lymphoma patients receiving CHOP
(cyclophosphamide, doxorubicin, vincristine,
and prednisone) chemotherapy, it is about 3%
per neutropenic episode. Strategies for chemo-
prophylaxis and initial empiric therapy need to
consider these figures when – as is often the
case – Gram-negative aerobes are the primary
target organisms. 

Risk factors for the development of bac-
teremia have been poorly defined.67,68 In one
study, systemic antifungal prophylaxis was
identified and later confirmed as a risk fac-
tor.69,70 Rackoff and others have identified an
absolute monocyte count (<100/µl) plus high
fever as predicting bacteremia.71,72 Procalcitonin
serum levels may discriminate between bac-
teremia and other documented infections and

FUO.73–75 Measurement at fever onset of inter-
leukin (IL)-6 or IL-8 plasma or serum levels
may be useful to predict the absence of Gram-
negative bacteremia.48,76,77  None of these factors
can predict bacteremia accurately.

Prognosis
The prognosis of bacteremia is worse than that
of unexplained fevers. Polymicrobial bac-
teremia is associated with a worse prognosis
than single-organism bacteremia. A study from
Spain examined prognostic factors influencing
mortality in cancer patients with neutropenia
and bacteremia.78 The overall mortality rate
within 30 days of the onset of bacteremia was
24%. Shock at onset, pneumonia, uncontrolled
cancer, and absence of quinolone prophylaxis
were independently associated with increased
mortality. Early evolution into septic shock is
clearly related to Gram-negative bacteremia,
whereas it is less frequent in Gram-positive bac-
teremia, and particularly unusual in bacteremia
due to coagulase-negative staphylococci.11,69,70,78,79
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Table 4.1 Bacteremia in clinical trials of the EORTC International Antimicrobial Therapy Cooperative
Group

Single-organism bacteremia

Trial Period No. of patients % Gram-negative % Gram-positive

I 1973–1976 145 71 29
II 1977–1980 111 67 23
III 1980–1983 141 59 41
IV 1983–1985 219 59 41
V 1986–1988 213 37 63
VIII 1989–1991 151 31 69
IX 1991–1993 161 33 67
XI 1994–1996 199 31 69
XII (low-risk) 1995–1997 39 59 41
XIV (high-risk)a 1997–2000 186 47 53

a Prelimary data.



A rough estimate for the overall case-fatality
rate in Gram-negative bacteremia is 10–15%;
the estimated rate in viridans streptococcal bac-
teremia is about 10%, depending on host fac-
tors.80 Elting and colleagues81 have shown that
major organ and tissue infection (such as pneu-
monia) in neutropenic patients with bacteremia
severely compromises response to initial ther-
apy as well as the ultimate outcome –
experience that is consistent with that of other
investigators.78,82,83 In the same study, shock,
Pseudomonas aeruginosa as the organism, and in
vitro resistance to the therapeutic agent(s) were
other prognostic factors. Among neutropenic
children with bacteremia, the overall mortality
rate was reported to be 15%.84

Bacteremia: selected organisms and
associated syndromes

Viridans streptococci
These organisms have been reported to cause
bacteremic infection among leukemia patients
and BMT recipients.85 The frequency of strepto-
coccal infection appears to be dependant on the
cumulative dose of the cytotoxic agent cytosine
arabinoside or the use of anthracyclines in BMT
patients, in association with mucosal dam-
age.9,80,86–93 Fluoroquinolone prophylaxis may be
another risk factor. Incidence rates vary widely,
being as high as 48% in adults and 36% in chil-
dren with high-dose cytosine arabinoside ther-
apy, and 46% in BMT patients. 87 Serious
complications, including encephalopathy, respi-
ratory distress syndrome (ARDS), and septic
shock have been reported  in association with
these organisms. The pathogenesis of these
complications is unknown. Polymicrobial infec-
tion with an as yet unidentified anaerobe has
been one speculation about pathogenic events
in this so-called ‘�-streptococcal shock syn-
drome’. Other possible mechanisms are direct
toxicity from cytotoxic agents and/or from
streptococcal products such as toxins, super-
antigens, or cell wall components, probably via
effects on host immune cells.94 Penicillin resis-

tance has become a problem in some cen-
ters.93,95,96 Death rates may be as high as 38% in
adults and 24% in children, and occur most
often in association with ARDS. 

In contrast to the increased incidence of viri-
dans streptococci, pneumococcal bacteremia is
surprisingly rare in neutropenia. In trials of the
EORTC International Antimicrobial Therapy
Cooperative Group, less then 25 cases were
documented in more than 3000 patients
(unpublished observations). Similarly, a
Spanish study found only 17 episodes of pneu-
mococcal bacteremia among 340 neutropenic
cancer patients with bacteremia.97

Coagulase-negative staphylococci
The relative proportion of coagulase-negative
staphylococci (CNS) among blood culture iso-
lates has been increasing since the late 1980s. In
a study from Spain, bacteremia caused by CNS
among neutropenic cancer patients increased
between 1988 and 1993 from 3 episodes per
1000 admissions to 19 episodes per 1000 admis-
sions.61 CNS are the classical vascular access
device-related pathogens.98,99 Although most
cases of bacteremia due to CNS are catheter-
related, the reverse is not necessarily true.
There are several studies reporting a large pro-
portion (40–50%) of catheter-related infections
due to organisms other than CNS.100–103 Device-
related sepsis may frequently be caused by
Acinetobacter spp. and other non-fermenters,
Enterobacter and Citrobacter spp., Bacillus spp.,
Corynebacterium spp., Micrococcus, and others.
Mucosal sites can be the origin of CNS bac-
teremia in the neutropenic host.104,105 In the indi-
vidual patient, clonal diversity of CNS
colonizing the skin and mucosal surfaces is
being reduced after hospital admission and in
response to administration of antimicrobial
drugs.106,107 Catheters are rapidly colonized via
skin or hub, and organisms survive in biofilms
spread over the internal and external catheter
surfaces. Even in a given hematology–oncology
service, there may be only a limited number of
clones of Staphylococcus epidermidis causing
catheter-related infections over extended peri-
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ods of time. Consequently, infection due to rela-
tively virulent and usually multiresistant iso-
lates of CNS among hospitalized patients has
become very difficult to control. Most hematol-
ogy–oncology departments report endemic
oxacillin resistance in CNS isolates,108 resulting
in the frequent use of glycopeptide antibi-
otics.108,109

Most often, the course of bacteremia due to
CNS is uncomplicated even when the catheter
has not been removed. Also, despite resistance
to oxacillin, patients with CNS bacteremia
receiving delayed glycopeptide therapy defer-
vesce as rapidly as those receiving upfront gly-
copeptides. This may be related to low-grade
bacteremia, or to contamination rather than
true bacteremia.  Complications of CNS bac-
teremia include catheter tunnel infections, cel-
lulitis, septic thrombophlebitis, endocarditis,
osteitis/osteomyelitis, and foreign body infec-
tions at distant sites (e.g. joint prosthesis infec-
tion). CNS are a group of more than 10 species
potentially pathogenic for man. The most fre-
quent isolates from febrile neutropenic patients
are S. epidermidis, S. haemolyticus, S. warneri,
and S. hominis. Many laboratories no longer dif-
ferentiate CNS to species level.  Since suscepti-
bility patterns differ among species, such
differentiation might be important in cases of
relapsing bacteremia.

Staphylococcus aureus bacteremia is much less
common than CNS bacteremia.110 It is infre-
quently reported in neutropenic patients, with
notable exceptions.59,60,111,112 The reason is
unclear. It is likely that patients with solid
tumors are at higher risk of S. aureus infection
than patients with hematologic malignancies
(who experience neutropenia more often)
owing to increased age, less intensive antimi-
crobial pretreatments, or more postoperative
infections.113

Pseudomonas aeruginosa and other 
non-fermenters
Bacteremic infections due to Ps. aeruginosa have
been a common, difficult-to-treat complication
in neutropenic patients.114 More than three

decades ago, reported case-fatality rates in neu-
tropenic patients were over 50%. In the 1970s,
the outcome improved with the use of combi-
nation therapy consisting of carbenicillin 
(or other �-lactam antibiotics with anti-
pseudomonal activity) plus gentamicin. More
recently, cure rates of about 80% have been
reported.115,116 Currently, the relative frequency
among blood culture isolates from neutropenic
patients is about 5%, and the overall incidence
of Ps. aeruginosa bacteremia among febrile neu-
tropenic episodes, accordingly, is only about
1%. At the University of Texas MD Andersen
Cancer Center, an incidence in acute leukemia
patients of 55 per 1000 registrations has been
reported (including non-neutropenic episodes).
At that center, no major changes in incidence
were noted over the last 30 years, except that in
more recent years there were more community-
acquired infections.115 In a large multicenter
study of bloodstream infections among cancer
patients, infection due to Ps. aeruginosa was
identified as an independent risk factor of
death.117

Initial clinical sites of infection are frequently
observed, with pneumonia being the most com-
mon site (about 40%), and skin and soft tissue
including the perianal/perirectal area the
second most common site.115 Skin and soft tis-
sue infections can be extensive and severe, and
can extend from the perirectal area to include
the perineum and scrotum as a rapidly spread-
ing necrotizing infection.118 Ecthyma gan-
grenosum occurs in less than 5% of patients.
The frequency of development of shock may be
as high as 20–30%, depending on the clinical
site, evolution of neutrophil counts, and ade-
quate therapy.

Glucose-non-fermenting Gram-negative rods
other than Ps. aeruginosa are a heterogenous
group of organisms comprising Pseudomonas
spp. ( fluorescens, putida, stutzeri, and others),
related genera (for example Burkholderia,
Stenotrophomonas, Flavimonas, Chryseomonas,
Comamonas, Shewanella, and Methylobacterium),
and the genera Acinetobacter, Achromobacter,
Alcaligenes, Ochrobactrum, Agrobacterium,
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Flavobacterium, Sphingobacterium, and Moraxella.
With the exception of the latter genus, these
organisms have been increasingly prevalent
among blood culture isolates from immuno-
compromised patients over the last two
decades.119–123 The most common isolate in this
group is probably Stenotrophomonas maltophilia.
Many of the organisms are widely distributed
in the environment such as soil, water, organic
material. Some (e.g. Ps. fluorescens, Burkholderia
pickettii and Ps. paucimobilis) are well known for
their property to contaminate wet hospital
equipment, antiseptics, intravenous fluids, and
cosmetics. Infections often follow instrumenta-
tion, are associated with intravascular catheters,
or follow administration of contaminated intra-
venous fluids or blood products (including
bone marrow or stem cells).124–135 A complica-
tion may be right-sided endocarditis. Rarely,
other sites of infection can be observed, notably
the lung in the case of S. maltophilia and
Chryseobacterium meningosepticum.124,136,137 The
infections have sometimes occurred in small
clusters of true infection or of pseudobac-
teremia, presumably because of common
sources in the hospital and often unusual
antimicrobial resistance patterns with associ-
ated selection and transmission advan-
tages.137–145 Examples of the unusual resistance
patterns of the organisms are the intrinsic resis-
tance of S. maltophilia to carbapenems, the
unpredictable resistance to aminoglycosides
(often gentamicin-susceptible but tobramycin-
and/or amikacin-resistant) in Comamonas,
Alcaligenes, Agrobacterium, and others, and the
unusually frequent susceptibility of many non-
fermenters to trimethoprim–sulfamethoxazole
and tetracyclines. Since susceptibilities vary
greatly between and within species, detailed
testing is mandatory. Unfortunately, disk diffu-
sion tests have often been unreliable. 

Unusual organisms
Many rare microorganisms have been reported
to cause infection in neutropenic patients.146

Examples are nutritionally variant streptococci
or Gemella among streptococci, rare species of

CNS, and rare species of Enterobacteriaceae such
as Kluyvera, Hafnia, and Rahnella.147 Many  of
these cause catheter-related infections: Bacillus
spp.,148–151 diphtheroids, some of the aerobic
actinomycetes, and Mycobacterium fortuitum
and other non-tuberculous mycobacteria.152–157

Most others (Fusobacterium and other gram-
negative anaerobes,158–160 Lactobacillus spp.,161,162

clostridia,163 anaerobic actinomycetes, Capno-
cytophaga spp. group DF-1,164,165 and Stoma-
tococcus spp.166–168) have been implicated in
causing bacteremia in association with oral or
intestinal mucositis.

Antibiotic-resistant Enterobacteriaceae
Recent reports have emphasized the risk of the
emergence of fluoroquinolone- and broad-spec-
trum �-lactam-resistant Enterobacteriaceae.169

Fluoroquinolone resistance appears to be the
result of the extensive use of fluoroquinolones
for prophylaxis in cancer patients.170–172 The
prevalence of resistance in the cancer patient
population, however, is also highly dependant
on the resistance rates among isolates from the
community.173 A study from Spain, for example,
described a 20% rate of colonization with fluo-
roquinolone-resistant Escherichia coli among
cancer patients on admission. This rate
increased after admission to more than 40%.174

In the Netherlands and Germany, colonization
rates are much lower, although fluoro-
quinolones are continuously used for preven-
tion of Gram-negative sepsis in high-risk
neutropenic cancer patients.170,175 The incidence
of bacteremia due to fluoroquinolone-resistant
E. coli among patients given prophylaxis there-
fore ranges widely between less than 3% and
more than 10%.173–176 The latter rate indicates
that the prophylactic trend towards reduction
of Gram-negative sepsis has been lost. Based on
data from two recent EORTC International
Antimicrobial Therapy Cooperative Group
trials, the proportion of patients with Gram-
negative bacteremia during fluoroquinolone
prophylaxis increased between the periods
1993–1994 and 1998–2000; an increase in the
incidence of Gram-negative bacteremia,
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however, was also observed among patients
without fluoroquinolone prophylaxis (unpub-
lished observations) (Table 4.2). Some hospitals
where fluoroquinolone prophylaxis has been
discontinued have experienced an increasing
incidence of Gram-negative bacteremia, along
with a reduction of fluoroquinolone resistance
among the isolates.177,178

According to reports of large numbers of
Gram-negative isolates from patients with neu-
tropenia, �-lactam resistance rarely exceeds
10%.179,180 Resistance rates are higher for aztre-
onam and  ceftazidime than for carbapenems,
and appear to increase slowly in those centers
that use these drugs for empiric therapy.
Extended-spectrum �-lactamase can be found
in common Gram-negative bacilli, notably in E.
coli and Klebsiella pneumoniae.181 Small epidemics
have been reported.182 There is a well-docu-
mented risk of development of �-lactam resis-
tance in Enterobacter.180,183 The recent increase in
Gram-negative bacteremia in neutropenic
patients treated within EORTC International
Antimicrobial Therapy Cooperative Group
trials is in part a result of more frequent infec-
tions due to Klebsiella and Enterobacter. 

Vancomycin-resistant enterococci
Vancomycin-resistant Enterococcus faecium
(VRE) have been surprisingly common in many
hematology–oncology units. The organism is
known for its intrinsically decreased suscepti-
bility to ampicillin. Endemic situations as well
as small outbreaks of bacteremic infection in
oncology units have been reported.184–187

Outbreaks in cancer hospitals in association
with antibiotic formulary changes have been
described.187 These outbreaks may initially be
polyclonal. New patients may become colo-
nized with VRE within two weeks after admis-
sion, and shed the organism over extended
periods of time.185,188 In a given unit, the genetic
diversity of VRE becomes limited, and cross-
contamination and cross-infection are fre-
quent.189 An endemic situation follows. The use
of third-generation cephalosporins together
with glycopeptides appears to be associated
with the emergence of vancomycin-resistant
enterococci. A study from the UK showed that
about 50% of the patients became colonized
with VRE during a period in which ceftazidime
was used as initial empiric regimen.186 After
changes to piperacillin–tazobactam as empiric
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Table 4.2 Gram-negative bacteremia and fluoroquinolone prophylaxis in clinical trials of the EORTC
International Antimicrobial Therapy Cooperative Group

Trial XIa Trial XIVa,b

(1994–1996) (1997–2000)

Number of patients 386 332
Fluoroquinolone prophylaxis 212 (55%) 125 (38%)

Gram-negative bacteremia
Patients with fluoroquinolone prophylaxis 13/212 (6.1%) 12/125 (9.6%)
Patients without fluoroquinolone prophylaxis 16/174 (9.2%) 30/207 (14.5%)

a The analysis includes only those 14 centers that participated in both trials.
b Preliminary data.



�-lactam, colonization rates first fell to less than
20%, increasing to 36% upon reintroduction of
the cephalosporin. The incidence of clinical
infection can be low (about 10%), despite com-
mon intestinal colonization.184,185 A recent study
described a 33% risk of bacteremia in colonized
cancer patients.188 The case-fatality rate ranges
from 10% to more than 70%, but the attributable
mortality is probably much lower. VRE may
sometimes be a surrogate marker for poor-
prognosis cancer. Vancomycin-dependant ente-
rococci are mutants of VRE. A small outbreak
involving five BMT patients has recently been
described.190 Infection control measures and
revision of antibiotic policies (less use of
empiric vancomycin) were able to control the
situation.

Pneumonia

Pneumonia is one of the most critical infections
in patients with neutropenia. Response to initial
empiric therapy is often poor, and reported case-
fatality rates range between 20% and more than
60%.83,191–193 Patient age, etiology, presence of bac-
teremia, severity of lung infection, and persistent
neutropenia have a major impact on survival.
Patients who develop respiratory insufficiency
have a very poor prognosis; only 20% or less sur-
vive. The relative frequency of pneumonia
among febrile neutropenic episodes ranges
between 10% and 30%.8,23,83 In children, the infec-
tion is less frequent. Pneumonia often develops
after several days of empiric therapy83,191 and
sometimes it is difficult to say whether it is the
primary infection or a superinfection. 

Based on culture and histology, the etiology
of lung infections in the neutropenic host can be
defined in only 10–45% of cases,191–195 partly
because patients have often been given empiric
therapy before invasive diagnostic procedures
such as bronchoscopy. The most common bac-
terial pathogens have been Ps. aeruginosa,
Klebsiella, pneumococci, and S. aureus.
Pneumococcal, staphylococcal, and polymicro-
bial infections may be more common in solid

tumor patients, but there is limited epidemio-
logic data on this issue. Isolates from initial
blood cultures are not necessarily the cause of
evolving pneumonia, even among patients with
documented pulmonary infiltrates at the time
of bacteremia. Thus, using results of blood cul-
tures overestimates the bacterial etiology of
pneumonia in the febrile neutropenic patient. In
particular, cases of bacteremia due to entero-
cocci, viridans streptococci, CNS, diphtheroids,
and non-fermenters other than Ps. aeruginosa
with subsequent pulmonary infiltrates remain
suspicious of a non-bacterial superinfection of
the lung, toxic lung injury, or pulmonary hem-
orrhage. Among the most important organisms
causing severe lung infection in neutropenia in
present times are filamentous fungi, notably
Aspergillus spp., Legionella, mycobacteria,
Pneumocystis carinii, protozoa, and viruses are
infrequent.191–193,196,197 Recently, cases of
Chlamydia pneumoniae respiratory infection in
acute leukemia patients have been described.198

Like many other pneumonias, they occurred
later during febrile neutropenia. A viral etiol-
ogy outside the BMT setting is rare. Chest com-
puted tomography (CT) scans have
substantially improved the diagnostic sensitiv-
ity and specificity, while there is increasing
debate about the role of routine chest radiogra-
phy within 24 hours after the onset of fever in
the absence of localizing signs and symp-
toms.199,200

Selected focal infections

Many sites of infection have been described in
febrile neutropenia. The most frequent outside
the lungs are oropharynx, skin/soft tissue and
intravascular catheters, paranasal sinuses, gas-
trointestinal tract/perianal area, and urinary
tract. Unusual sites are the central nervous sys-
tem/meninges, bones and joints, eyes and ears,
heart, liver, biliary tract/pancreas, endocrine
organs, and lymph nodes. These unusual sites
when involved are very often secondary sites
after hematogenous dissemination. 
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Strict consensus definitions are not available
for all of these focal infections, and a detailed
comparative epidemiologic analysis is therefore
not possible. An example is oropharyngeal
mucositis. Although there has been much
progress in clinical grading of oral lesions,201 the
question remains unanswered as to whether
mucositis at any stage or only at more severe
stages should be considered an infection.
Clinically, oral lesions in the neutropenic
patient with fever are diverse. They include
oropharyngeal candidiasis, buccal ulcers and
necrotizing ulcerative gingivitis (both sugges-
tive of being caused by herpes simplex virus),
soft palate ulcers, and necrotizing tonsillitis.
Such lesions are common. In AML patients, for
example, their incidence approaches 100%, and
different entities often coexist. In the individual
patient, the grading of the lesions correlates
inversely with the neutrophil count. The inci-
dence of urinary tract infections, in contrast,
rarely exceeds 10%. Often, the diagnosis is
based solely on documentation of significant
bacteriuria. Pyuria is not a reliable marker in
the neutropenic patient, and dysuria is rare.
Individually, it is difficult to ascertain that the
fever is, in fact, related to the bacteriuria. 

Catheter-related infection
Intravascular catheter-related infection may
remain localized or may generalize after
hematogeous dissemination. Some epidemio-
logic studies of catheter-related infection in
neutropenic patients have analyzed only the
frequency and outcomes of bacteremic infec-
tions related to central venous catheters. The
epidemiology of non-bacteremic catheter-
related infections during neutropenia has been
less well studied. Definitions vary, even for
catheter-related bacteremia, and often a definite
diagnosis cannot be established without micro-
biologic examination of the explanted catheter.
In a recent study, approximately half of the
catheter-related infections were non-bacteremic,
including insertion site and tunnel infections.202

Up to 20% of all central venous catheters will be
the source of infection, depending on many fac-

tors such as intensity of catheter usage, infec-
tion control measures during insertion and
manipulations, catheter type, and duration and
degree of neutropenia. Totally implanted
catheters are associated with fewer infections
than tunnelled catheters or non-tunnelled cen-
tral venous catheters.203,204 For tunnelled
catheters, incidence rates range between 1 or
less205,206 and about 5–7 per 1000 catheter
days.102,202,207,208 A large study of non-tunelled
silastic catheters found an infection rate of 1.3
per 1000 catheter days.209 In children with ALL,
the adjusted risk for infection (any type) was
two- to fourfold higher when a central venous
catheter was in place.210  

Neutropenic enterocolitis and antibiotic-
associated colitis 
Acute abdomen is the clinical presentation of
acute neutropenic enterocolitis.211 This compli-
cation typically begins 7–10 days after
chemotherapy, with fever, right lower quadrant
or diffuse abdominal pain, and rebound tender-
ness, sometimes with diarrhea or bloody diar-
rhea. Patients without preceding chemotherapy
are rarely involved. An incidence of about 1%
was reported in autoPBSCT recipients.23 Among
acute leukemia patients, an incidence of 5–6%
was reported;212,213 following taxane-based
chemotherapy, the incidence was 0.1%.214

Complications are pneumatosis intestinalis,
bowel necrosis, perforation, peritonitis, and
septic shock. In a report from the 1980s, the
case-fatality rate appears to have been very
high (64%).215 More recently, rates of 45%213 or
less212,214,216–218 were reported.

Neutropenic enterocolitis is a non-infectious
transmural inflammatory lesion following cyto-
toxic chemotherapy, with secondary tissue
invasion, spread, and translocation of bacteria.
In some cases, necrotizing infection due to
clostridia has been implicated in the pathogene-
sis;219 in others, necrotizing leukemic infiltrates
in the bowel wall have been documented, and
pseudomembranes or only mild mucosal
inflammation have been found. Most fre-
quently, the terminal ileum, the caecum
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(‘typhilitis’), and ascending colon are involved.
The cause of death is usually septic shock, with
or without bacteremia. Occasionally, there is
bowel perforation. 

Clostridium difficile has become recognized as
the most frequent cause of antibiotic-associated
colitis. This disease is characterized by acute
inflammation of the colonic mucosa, with forma-
tion of macroscopic or microscopic pseudomem-
branes. Atypical presentations are abdominal
distention, ascites, and hyperbilirubinemia with-
out diarrhea. Asymptomatic carriage of the
organism has been described. Critical illness
leading to intensive care unit admission or death
caused by the disease occur with a relative fre-
quency of less than 5%. Although toxigenic C.
difficile is the most frequent cause, occasionally
other pathogens have been implicated, notably
other clostridia, salmonellae, S. aureus, and
Klebsiella oxytoca. The relative risks of specific
antibacterial drugs inducing antibiotic-associ-
ated colitis are not precisely known.
Pretreatment with several cytotoxic drugs, such
as methotrexate or 5-fluorouracil, can also pre-
dispose to development of the disease. Unlike
neutropenic enterocolitis, antibiotic-associated
colitis most often affects the distal bowel. More
than 80% of cases are nosocomially acquired.
The clostridial spores can persist on fomites and
surfaces for several months. Nosocomial trans-
mission via the hands of personnel or contami-
nated environments is common. Among cancer
patients with diarrhea, 10–45% will have a posit-
ive toxin test result and/or a positive culture of
the organism.220–224 Fluoroquinolone prophylaxis
during neutropenia may lower the risk of devel-
oping C. difficile colitis.225 The overall incidence
among autoPBSCT patients in one recent study
was 7%.220 The outcome was good in all patients.
Interestingly, there is an epidemiologic link
between C. difficile colitis and the emergence of
bacteremia due to VRE.226 A policy of initial
reisolation after readmission of known carriers is
able to reduce endemicity.227 Hospitalization,
parenteral vancomycin in the last 2 months, and
high-dose chemotherapy predicts an increased
risk of C. difficile colitis.228

Perianal/perirectal cellulitis
Perianal or perirectal cellulitis is rare.
According to a recent observational study, the
incidence among patients with acute leukemia
was 7%, and the case-fatality rate was 20%.229

The reported incidence among autoPBSCT
patients and alloBMT patients is much smaller
(<1%).23,230 In the acute leukemia patients cohort
of Ulm University Hospital, perianal cellulitis
was observed in 2% of febrile neutropenic
episodes (unpublished observations). Initially,
the inflammation is characterized by painful
induration and redness perianally. Progression
into deeper tissue with involvement of the
perirectal area and development of necrotic
lesions and fistula indicates a critical stage.
Some patients may become bacteremic. E. coli
and Ps. aeruginosa are the most common organ-
isms involved, sometimes associated with
anaerobes, enterococci, and CNS.

Invasive fungal infections 

Based on several comparative trials evaluating
the impact of prophylactic antifungals, the inci-
dence of documented deep fungal infections
among patients with hematologic malignancies
given no systemic antifungal prophylaxis is
about 4–10% (Table 4.3).231–237 The rate is higher
among BMT patients. For example, 18% proven
systemic fungal infections were reported
among placebo recipients in a study conducted
at the Fred Hutchinson Cancer Research Center
in Seattle.235 However, a significant proportion
of invasive fungal infections in this patient
population occurred after engraftment (Figure
4.5). The incidence of deep fungal infection dur-
ing neutropenia usually does not exceed 10%
even in this patient population. This contrasts
with the frequent use of therapeutic ampho-
tericin B and other antifungals, which is on the
order of about 20–25%, and 50% or more in
BMT recipients. Reasons for the frequent use of
empiric or preemptive therapy are the poor
prognosis of invasive fungal infections with
current therapeutic protocols and the inherent
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difficulties in firmly establishing the diagnosis. 
One-half to two-thirds of the documented

infections among patients given no systemic
prophylaxis are Candida infections; the others
are mould infections (Table 4.3). The latter are
very often termed ‘invasive aspergillosis’.
However, many of these cases are not culture-
confirmed, and Aspergillus cannot be differenti-
ated histopathologically from most other
hyalohyphomycetes. Therefore, the term ‘inva-
sive hyalohyphomycosis’ is preferable (Table
4.4). The introduction of fluconazole into clini-
cal practice has reduced the incidence of sys-
temic Candida infections, and has shifted the
spectrum of yeasts from C. albicans and C. tropi-
calis to C. glabrata and C. krusei. As with bacterial
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Table 4.3 Incidence of and mortality related to proven invasive fungal infections in patients with
neutropenia. Data are from placebo arms of large, controlled clinical trials evaluating antifungal
chemoprophylaxis

Proven invasive fungal infection

Authors Underlying disease Incidence No. of yeast/ Related
(%) other fungal mortality

infections rate (%)

Goodman et al (1992)236 48% alloBMT 16 27/3 6
52% autoBMT

Slavin et al (1995)235 12% autoBMT 18 29/3 21a

88% alloBMT

Rotstein et al (1999)237 60% acute leukemia 17 22/1 5
44% autoBMT

Winston et al (1993)234 100% acute leukemia 8 7/4 0

Nucci et al (2000)233 80% acute leukemia 9 6/3 1

Menichetti et al (1999)232,b 76% acute leukemia 9 8/1 3

Harousseau et al (2000)231,b 70% acute leukemia 5 3/10 2

aMortality until day 110 after BMT.
bPatients in the placebo arms received oral non-absorbable polyene antifungals.

20

0

N
um

be
r 

of
 p

at
ie

nt
s

Days after BMT
10

15

10

5

40 70 100 130 160

Autologous

Allogeneic

Figure 4.5 Time course of invasive aspergillosis in
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from Wald et al.276



infections, the spectrum of fungi causing
significant infections in the neutropenic patient
has broadened to include rare and unusual
organisms that are often resistant to currently
used antimicrobial drugs. Yeasts other than the
more common Candida spp. listed above and
moulds other than Aspergillus, Fusarium (the
most prevalent plant fungus worldwide),238,239

and zygomycetes (Figure 4.6) (Mucor spp. and
related genera),240,241 however, are still rare in
neutropenic patients. Rare and unusual fungi
most recently reported include Trichosporon/
Blastoschizomyces spp.,242–244 Candida dublinien-
sis,245 Candida inconspicua,246 Paecilomyces lilacinus
(coming from contaminated skin lotions),247

Metarrhizium anisopliae (used commercially for
the biocontrol of insects),248 Acremonium spp.,249

Scedosporium prolificans,250 Cunninghamella
bertholletiae,251 Trichoderma longibrachiatum,252

Hormographiella aspergillata,253 Penicillium cit-
rinum,254 Malassezia (associated with hyper-
alimentation with intravenous lipids),
dematiaceous (darkly pigmented) fungi causing
phaeohyphomycoses (which are exceptional in
the setting of neutropenia), and some others.
The list of unusual fungal pathogens is enlarg-
ing much more rapidly in patients with chronic
immunodeficient states, including transplant

patients, than in patients with chemotherapy-
induced (transient) neutropenia. The reason for
this is obvious – it is simply a result of
increased exposure of the usually ambulatory,
chronic immunosuppressed patient to particu-
lar environments that may be specific habitats
of rare fungi.

Fungemia
Fungemia, most often candidemia, may origi-
nate from gastrointestinal lesions, but also often
develops as an initial catheter-related infec-
tion.255 C. parapsilosis and C. lusitaniae appear
to be overrepresented in catheter-related
fungemias. A risk factor for the development of
candidemia is prior  colonization at multiple
mucosal sites.256 The risk of developing fungemia
is much higher in patients colonized by C. tropi-
calis than in those colonized by C. albicans.
Another possible risk factor for fungemia is prior
glycopeptide therapy and/or bacteremia.257–259

The case-fatality rate in many series of neu-
tropenic patients exceeds 20%.258,260–263 Tissue
invasion and dissemination markedly decreases
survival. Decreased survival has also been
observed in infection due to C. glabrata and C.
krusei when compared with other non-albicans
species or C. albicans. The infection usually
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Table 4.4 Selected agents of aspergillosis and of other hyalohyphomycoses causing invasive fungal
infection with similar histologic appearance in patients with neutropenia

Aspergillus spp. Fusarium spp. Penicillium spp.
A. flavus F. chlamydosporum P. citrinum
A. fumigatus F. moniliforme Scedosporium spp.
A. nidulans F. oxysporum S. apiospermum
A. niger F. solani S. prolificans
A. ochraceus Neosartorya fischeri Scopulariopsis spp.
A. terreus Paecilomyces spp. S. brevicaulis
A. ustus P. lilacinus Scytalidium spp.

Acremonium spp. P. variotii S. dimidiatum
Emmonsia spp. Hormographiella spp.

E. parva H. aspergillata



develops late after onset of neutropenia. It is
sometimes accompanied by non-specific respira-
tory symptoms, myalgias, and characteristic skin
and chorioretinal lesions.264 Some use the term
‘acute disseminated candidiasis’ in such cases of
tissue invasion. Severe sepsis and shock occurs
with a similar frequency as in Gram-negative
bacteremia. 

Rare cases of fungemia are caused by
Trichosporon, Rhodotorula, Fusarium, Malassezia,
and others. Fusarium infections are exceptional
in that the organism is a filamentous fungus rel-
atively often growing in blood culture when
causing disseminated infection. Hematogenous
dissemination of Fusarium involves multiple
sites and organs, including sinuses, lungs, skin,
brain, bone, and joints. In contrast to aspergillo-
sis, blood cultures are positive in 50% or more
of all cases. Fungemia due to other organisms is
often catheter-related, and may have a rather
benign evolution after catheter removal.

Disseminated candidiasis
Subacute or chronic disseminated candidiasis,
formerly called ‘hepatosplenic candidiasis’, was
increasingly diagnosed in the late 1980s and
early 1990s.265–268 In a Finnish center, incidence

rates increased from about 2% (1980–84) to
about 10% (1989–93) among patients with acute
leukemia.266 This can be explained partly by
improved imaging techniques; improved sur-
vival of candidemia may be another reason.
Strictly speaking, subacute or chronic disease is
not an infection of the neutropenic patient, but
rather an infection after neutrophil recovery.
The infection begins with fever during neu-
tropenia, and the fever persists for weeks
despite empiric therapy (including antifungals)
and neutrophil recovery. The host reaction is
granuloma formation, with a paucity of
microorganisms, and the organs predominantly
involved are liver and spleen. These chronic
infections are being seen much less frequently
since the introduction of fluconazole into clini-
cal practice.

Aspergillosis
Moulds of the genus Aspergillus are widespread
in the environment, being found in the air, soil,
and water, and on plants, certain food, and
decomposing organic matter. Fungal spore
counts in outdoor air may be as high as
100–1000 CFU per cubic meter of air.
Pathogenic Aspergillus spp. represent about

CURRENT EPIDEMIOLOGY OF INFECTIONS IN NEUTROPENIC CANCER PATIENTS 73

Figure 4.6 Zygomycosis in a
neutropenic patient. Necrotizing
skin and soft tissue infection
extending into the tabula
externa of the skull in a patient
with non-Hodgkin’s lymphoma,
who was initially treated as an
outpatient. Absidia corymbifera
was isolated in pure culture
from necrotic tissue. 



1–10% of these spores. Inhalation of spores is
the major source of invasive infection. The level
of environmental contamination and host fac-
tors determine the incidence of invasive infec-
tion.269–271 Critical host factors are neutropenia
of long duration, graft-versus-host disease,
and intensive immunosuppressive therapy.
Macrophages and cellular immune response
play an important role in controlling the infec-
tion.272 AlloBMT patients are therefore at high
risk.273 Prior or concomitant bacteremia or
Gram-negative bacterial infection and
cytomegalovirus disease increase the risk of
aspergillosis in these patients and/or worsen
the outcome.274,275 Among BMT patients, the
onset of infection is bimodal. Peaks at 16 and 96
days after transplant have been observed
(Figure 4.5).276 For patients with early infection,
underlying disease, donor type, season, and
transplant outside of air-filtered rooms were
associated with significant risk for invasive
aspergillosis. The cumulative incidence among
alloBMT patients exceeds 10%. A. fumigatus
remains the most frequent species, and
accounts for more than 50% of cases, A. flavus is
the second most frequent species. A. niger and
A. terreus are isolated with increased
frequency.277 The incubation time is unknown,
and it is an open question how many cases
becoming manifest during admission are in fact
community-acquired. Molecular typing of path-
ogenic isolates and isolates from hospital envi-
ronments suggest that half or more of the
infections may not be nosocomial.278–280 The
impression of many physicians is that during
the last decade, the incidence of invasive
aspergillosis has been increasing as a result of
less use of protected environments/reverse iso-
lation for leukemia treatment, and of much
more frequent discharges to home care.
Nosocomial outbreaks have been described in
association with environmental disturbances:
hospital construction or construction in adja-
cent areas; contaminated fireproofing materials,
or air filters in the hospital ventilation system;
contaminated carpeting.269,270,281–284 High-effi-
ciency particulate air (HEPA) filtration in sealed

rooms with positive air pressure is protective in
such situations, leading to undetectable fungal
spore counts (i.e. <0.1 CFU per cubic meter of
air).283 The potential for tap water and water
from shower heads to aerosolize molds needs
to be studied in more detail.285,286

Clinical disease associated with invasive
aspergillosis in neutropenic patients includes
sinusitis, pulmonary infection, and dissemi-
nated infection. Brain involvement is frequent
(about 40–50% among alloBMT patients), and
carries a poor prognosis.287–290 Rare manifesta-
tions include necrotizing cellulitis, necrotizing
mucosal lesions, hematogenous osteitis (often
spondylodiscitis), nephritis, and thyroiditis.
The outcome is poor. Invasive infection limited
to the lungs responds to antifungal therapy in
about 30–50% of cases. The infection often
becomes chronic, and the patient remains at
high risk of relapse during subsequent neu-
tropenic episodes or periods of increased
immunosuppression.291,292 Among allogeneic
transplant patients with an earlier invasive
aspergillosis, relapse rates of 40% have been
reported. Extensive granulomatous tissue reac-
tions can be seen in chronic disease. A major
step towards improved prognosis of patients
with invasive aspergillosis has been earlier pre-
sumptive diagnosis by chest CT scan, while
screening by serologic assays and nucleic acid
amplification-based laboratory tests still await a
thorough evaluation of their cost–effectiveness
against clinical and radiological assess-
ment.293,294 A major diagnostic problem remains
the difficulty in establishing a culture-con-
firmed diagnosis. Bronchoalveolar lavage cul-
tures in cases of pulmonary involvement are
positive in only 10–40% of cases. The paucity of
culture-confirmed cases with a majority of pre-
sumptive cases or histologically diagnosed non-
Aspergillus-specific hyalohyphomycoses may be
a good reason for a more intense use of PCR
and serological tests.
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Viral infections during febrile neutropenia

Reactivation of latent herpesviruses, more
specifically of herpes simplex virus (HSV), is by
far the most common viral infection in adult
patients with neutropenia.295 Outside the blood
and marrow transplant setting, infections due
to varicella zoster virus (VZV), cytomegalovirus
(CMV), Epstein–Barr virus (EBV), and other
herpesviruses (human herpesvirus (HHV)-6,
HHV-7, and HHV-8) are uncommon, and the
risk of reactivation of one of these is much
smaller in autoPBSCT patients than in alloBMT
patients. Patients treated with fludarabine or
other purine analogs, however, may form a spe-
cific subgroup with a different risk profile. In a
recent case report, for example, an AML patient
developed EBV-associated lymphoproliferative
disease after fludarabine/cytosine arabi-
noside/granulocyte colony-stimulating factor
chemotherapy, which is a very unusual compli-
cation outside the alloBMT setting. The
patient´s leukemia was in remission, and the
patient was no longer neutropenic at that
time.296 Also, in the autoPBSCT setting, patients
with CD34� cell-selected transplants (which are
associated with more pronounced CD4 lym-
phopenia compared with unselected products)
may have a significantly higher risk of viral
infection, specifically CMV infection.297

Primary infections with other viruses, such
as adenovirus, influenza and parainfluenza
viruses, respiratory syncytial virus (RSV), and
others, do occur. They usually reflect the gen-
eral epidemiologic situation and exposure
characteristics, rather than indicating a particu-
lar risk specific to neutropenia (season, crowd-
ing, etc.). It appears plausible that the severity
of these infections among neutropenic patients
outside the BMT setting is substantially differ-
ent from that seen in the general population.
The data supporting this view, however, are
conflicting. Active untreated RSV infections, for
example, need not consistently lead to severe
complications during neutropenia, even among
autoPBSCT recipients.298 On the other hand,
there are reports of outbreaks of severe infec-

tions among neutropenic patients, and neu-
tropenic patients with RSV infection may be at
increased risk of developing pneumonia (as
opposed to tracheobronchitis and upper respi-
ratory tract infection) and of death.299–302 In the
MD Anderson Cancer Center study, not all
deaths, however, were definitely related to the
RSV infection.301

HSV reactivation during neutropenia is com-
mon. Studies in acute leukemia patients have
shown that among seropositive subjects, about
25–50% will have shedding of the virus in the
mouth, associated with herpes labialis and/or
ulcerative gingivostomatitis.42,303,304 The inci-
dence is higher among alloBMT patients (about
70% or more), reflecting the more severe
mucosal damage in this setting and additional
immunosuppression. HSV lesions in neutro-
penic patients may be severe and long-lasting.
There has been some discussion of the role of
HSV lesions in facilitating entry of bacterial and
fungal mircoorganisms into the  bloodstream.
Esophagitis is a significant complication, but
has become rare because of prompt therapy of
oropharyngeal lesions. Other organs are very
rarely involved, although there have been
reports of HSV pneumonitis.

Complications due to other herpesviruses are
unusual during neutropenia, and often occur
after neutrophil recovery in auto PBSCT or
alloBMT patients. The most frequent have been
VZV infections, and the most problematic has
been CMV disease. CMV viremia or antigene-
mia has been documented in about 3% of
autoPBSCT recipients versus about 60% of
alloBMT recipients. In one report, the incidence
of fatal CMV interstitial pneumonia in
autoPBSCT patients was 0.8%.24 CMV disease in
alloBMT patients before engraftment has been
documented in a few cases.305 Most often, the
lung has been the primary site of infection, but,
in some cases, the histopathologic appearance of
the lesions was atypical and/or significant
copathogens could be identified. Only occasion-
ally, patients with hematologic malignancy or
solid tumors develop CMV disease during neu-
tropenia – most often pneumonia and colitis.306,307
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VZV infections have been surprisingly common
(10–25%) in several series of autoPBSCT
patients.24,308 Clinical disease from reactivation
during neutropenia was probably suppressed
by prophylactically administered acyclovir, and
overt infection was not observed until after
neutrophil recovery (and discontinuation of
acyclovir). In children with ALL, the risk of
having chickenpox or herpes zoster is clearly
increased.309 Severe cases with minimal skin
and extensive extracutaneous involvement
(lungs, liver, spleen, or central nervous system)
have been reported.310 HHV-6 and HHV-7 are
recently discovered �-herpesviruses. DNA can
be detected in blood or bone marrow from
healthy subjects.311,312 Infection with HHV-6 is
very common, approaching 100% in seropreva-
lence. The virus appears to persist in low levels
in cells and tissues, and can reactivate during
cytotoxic chemotherapy and/or immunosup-
pressive therapy. It has been associated with
lymphopenia, exanthema, and hepatopathy in
children with cancer.313 In BMT patients, bone
marrow suppression, interstitial pneumonitis,
and encephalitis have been reported as compli-
cations of HHV-6 reactivation.314–316 Primary
infections with self-limited clinical symptoms
and asymptomatic reactivation have also been
well documented in alloBMT recipients.317

SUMMARY

The epidemiology of infections in neutropenic
cancer patients is complex and undergoes peri-
odic changes.  A number of factors influence
the spectrum and severity of infection, includ-
ing the underlying malignancy and associated
immunologic deficits, geographic and local fac-
tors, the use of strategies such as chemoprophy-
laxis, the increasing use of catheters and other
foreign objects, and the widening applications
of hematopoietic stem cell transplantation.
Newer, opportunistic pathogens will continue
to emerge, and widespread resistance among
bacterial, fungal, and viral pathogens will con-
tinue to be a significant problem.  Constant vig-

ilance, in order to detect epidemiologic shifts
early, is essential.  Rapid and more specific
diagnostic methods need to be developed,
along with less immunosuppressive and myelo-
suppressive antineoplastic treatment mod-
alities.  Until this happens, infections will
continue to be a challenge in this unique group
of patients.
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5
Infections in patients with solid tumors
Kenneth VI Rolston

INTRODUCTION

Patients with cancer develop infection far more
often than individuals without cancer.1 The
function of the immune system is a major factor
in determining the frequency and nature of
infection, and the overall response to therapy,
once an infection has developed. Patients with
hematologic malignancies or aplastic anemia
and those receiving immunosuppressive ther-
apy following bone marrow transplantation
often have prolonged periods of neutropenia,
defects in phagocytosis, and impaired cellular
and/or humoral immunity – each associated
with an increased frequency and a distinct
spectrum of infection. In contrast, most patients
with solid tumors are not significantly
immunosuppressed, but are predisposed
towards infection as a result of damage to nor-
mal anatomic barriers such as the skin and
mucosal surfaces, obstructive phenomena (e.g.
lung carcinoma and biliary and pancreatic
tumors), procedures such as surgery and radia-
tion, central nervous system dysfunction,
and the use of medical devices such as
shunts, catheters, and prostheses. Although
chemotherapy-induced neutropenia does occur
in patients with solid tumors, it is often short-
lived, does not have the same impact as it does
in patients with hematologic malignancies, and

is associated with a lower frequency or risk of
developing infection.

Infections in patients with hematologic
malignancies and in bone marrow transplant
recipients have been studied in great detail,
and many of the principles for the management
of infections in cancer patients have
been developed in this patient population.2

However, solid tumors account for the vast
majority of cancers in adults. Data published by
the American Cancer Society indicate that
approximately 1.14 million new cases of solid
tumors are diagnosed each year in the USA.3

The spectrum, clinical features, diagnosis, and
management of infection in these patients is
substantially different, and treatment strategies
specific for these patients need to be developed.
This chapter will review various aspects of
infections that occur commonly in, or are
unique to, patients with solid tumors.

RISK FACTORS FOR INFECTION

Several factors contribute to the risk of infection
in patients with solid tumors. The presence of
multiple risk factors in the same patient is not
uncommon, and contributes towards increased
risk. These factors are summarized in Table 5.1
and include neutropenia, disruption of normal



anatomic barriers, obstruction, procedures and
devices employed in therapy of the tumor, as
well as a number of other factors.

Neutropenia

Neutropenia is induced most often by antineo-
plastic chemotherapy. Varying degrees of neu-
tropenia are also seen after radiation therapy,

after the administration of agents such as ganci-
clovir, and occasionally after extensive infiltra-
tion of the marrow by tumor. Unlike patients
with hematologic malignancies, patients with
solid tumors usually have normally functioning
neutrophils, and conventional chemotherapy
rarely produces severe neutropenia that lasts
for more than 7–10 days.4 Thus the ‘at-risk’
period is generally short, and many solid tumor
patients who develop a febrile episode while
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Table 5.1 Risk factors predisposing towards infection in patients with solid tumorsa

Risk factor(s) Additional comments

Neutropenia Antineoplastic chemotherapy, radiation therapy, infiltration
of bone marrow with tumor, other agents (ganciclovir)

Disruption of normal anatomic barriers Chemotherapy (mucositis), radiation therapy, diagnostic or
therapeutic surgical procedures, catheters and other
devices

Obstruction Primary or metastatic tumor
Airways Post-obstructive pneumonia/lung abscess/empyema
Biliary tract Ascending cholangitis
Urinary tract Urinary tract infection/prostatitis
Bowel Bowel obstruction/perforation, peritonitis/hemorrhage

Procedures and devices
Vascular access catheters Catheter-related infection
Shunts Shunt infection
Prosthetic devices Infected prosthesis
Diagnostic/therapeutic surgery Local/disseminated infection

Miscellaneous factors
Loss of gag reflex/cord compression Central nervous system, tumors → aspiration, impaired

micturition → urinary tract infections
Age, malnutrition, antibiotic usage Increased risk and severity of infection, selection of

resistant pathogens

a Multiple factors in the same patient increase the risk of infection.



they are neutropenic are considered ‘low-risk’
(see Chapter 8).

Disruption of normal anatomic barriers

Normal anatomic barriers, which include intact
skin, oropharyngeal, respiratory, gastrointesti-
nal, and genitourinary mucosal surfaces,
provide an important defense mechanism
against invasion by microorganisms. Cancer
chemotherapy often damages mucosal surfaces,
increasing the risk of infections caused by
organisms that colonize these surfaces. Agents
that are particularly prone to causing mucositis
include chlorambucil, cisplatin, cytarabine
(cytosine arabinoside, Ara-C), doxorubicin
(Adriamycin), 5-fluorouracil (5-FU), and
methotrexate. Damage to mucosal barriers can
also be caused by radiation therapy, surgical
procedures, and the use of medical devices.
When such patients are hospitalized, the risk of
acquiring serious nosocomial infections (often
caused by multidrug-resistant microorganisms)
increases. (See Chapter 1.)

Obstruction

Obstruction caused by rapidly expanding pri-
mary or metastatic lesions is fairly common in
patients with solid tumors. Bronchogenic carci-
nomas (or metastatic pulmonary lesions) often
cause partial airway obstruction, leading to the
development of post-obstructive pneumonia.
Empyema may occasionally complicate post-
obstructive pneumonia. Biliary tract obstruction
in patients with hepatobiliary pancreatic tumors
results in ascending cholangitis. Ureteral obstruc-
tion resulting in urinary tract infection is seen in
patients with carcinoma of the cervix, whereas
ureteral obstruction causing urinary tract infec-
tion and/or prostatitis is seen in patients with
carcinoma of the prostate. In all these situations,
mixed or polymicrobial infections are common,
and the etiologic agents are generally those that
colonize the site of obstruction.

Procedures and devices

Surgery, medical procedures, radiation therapy,
and the widespread use of catheters and other
devices (shunts, stents, prostheses) are often
associated with the development of infection.
The use of multiple-lumen vascular access
catheters (e.g. Hickman or Broviac catheters)
has become commonplace, and greatly facili-
tates the drawing and/or administration of
blood or blood products, and the administra-
tion of chemotherapy or antimicrobial agents
and other supportive medications. Infection is
the major complication associated with these
catheters. The organisms causing catheter-
related infections are listed below in Table 5.3
(see Chapter 10). Approximately 80% are Gram-
positive, with Staphylococcus spp. being pre-
dominant. Urinary catheters are used
frequently when obstruction or urinary inconti-
nence is present. Local involvement of the blad-
der or ureters with the malignancy often
requires the creation of surgical diversions into
ileal or colonic segments. Bacteremia progress-
ing to acute or chronic pyelonephritis with
intestinal microorganisms is not uncommon.
Many patients with central nervous system
(CNS) tumors require the placement of cere-
brospinal fluid shunts. When infected, the CNS
end of the shunt produces symptoms such as
headache, mental status changes, and
meningismus, whereas the distal ends of such
shunts, which are generally located in the
pleural or peritoneal cavities, give rise to symp-
toms of pleuritis or peritonitis. Surgically
implanted prosthetic devices are used fre-
quently in patients with osteosarcoma and
other bone tumors. Infection is the most com-
mon complication associated with these
devices, and is caused most often by organisms
colonizing the skin.

Miscellaneous factors

Patients with primary CNS tumors or metasta-
tic brain lesions often develop partial loss of the
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gag reflex, predisposing towards aspiration.
Neurologic abnormalities resulting in impaired
micturition also occur. Damage to ciliary func-
tion in the respiratory tract, most often the
result of radiation, increases the likelihood of
developing pneumonia. Many solid tumors
occur in the elderly, in whom immunologic
deficits caused by ageing, malnutrition, and
cancer cachexia may all influence the frequency
and severity of infection, and the ultimate
response to therapy. Previous and concurrent
antibiotic usage can influence the spectrum of
infection by selecting resistant organisms. For
example, excessive vancomycin (oral and par-
enteral) usage has been associated with
increased isolation rates of glycopeptide-
resistant organisms such as vancomycin-
resistant enterococci (VRE), Leuconostoc and
Pediococcus spp.5 The primary drawback of
quinolone prophylaxis is the development of
resistant Gram-negative bacilli (Escherichia coli,
Pseudomonas aeruginosa, etc.).6 Prophylactic and
empiric antimicrobial regimens are used less
often and for shorter durations in patients with
solid tumors than in other, more immunosup-
pressed, patients. However, practice patterns
vary, and must be taken into consideration
along with local susceptibility/resistance pat-
terns when evaluating patients for infection.

PREDOMINANT SITES OF INFECTION

Predominant sites of infection depend upon the
location and size of the primary tumor or
metastatic lesions, and the site and nature of
medical devices and surgical procedures. These
are summarized in Table 5.2.

As indicated previously, patients with CNS
tumors often have partial or complete loss of
the gag reflex, predisposing them to aspiration
pneumonia. Impaired micturition and urinary
retention as a result of neurological impairment
leads to urinary tract infection. Following
surgery for tumor resection and/or the place-
ment of shunts, surgical wound infections, epi-
dermal and subdural infections, cerebral

abscesses, meningitis, and shunt infection can
develop. Infections of the upper respiratory
tract – including sinusitis, pneumonia (includ-
ing aspiration and ventilator-associated pneu-
monia), and local cellulitis or necrotizing
infections following surgical excision and
reconstruction – are the most common sites in
patients with head and neck tumors. Infected
masses extending along the soft tissues in the
neck can give rise to airway obstruction.

Patients with carcinoma of the lung develop
pulmonary infections such as post-obstructive
and/or necrotizing pneumonia, lung abscess,
empyema, and surgical wound infections.
Localized infections may lead to the develop-
ment of bacteremia or disseminated infections.
Cellulitis following axillary lymph node dissec-
tion is the most common site in patients with
breast cancer. Mastitis and breast abscesses are
less common.7 Cholangitis with or without bac-
teremia, solitary or multiple hepatic abscesses,
and peritonitis are not infrequent in patients
who have hepatobiliary–pancreatic tumors.8

Abscesses in the pancreatic bed and subdi-
aphragmatic abscesses can occur following
extensive surgical resection. Patients receiving
intra-arterial chemotherapy for hepatic tumors
are also at risk for such infections. Patients with
colonic or gynecologic tumors develop abdomi-
nal or pelvic abscesses, occasionally after fistula
formation or perforation of a viscus. Ureteral
obstruction resulting in urinary tract infection is
relatively common in patients with carcinoma
of the cervix, and is caused most often by local
extension of tumor, and occasionally by radia-
tion damage. Osteomyelitis, osteoradionecrosis,
and infected prosthetic devices – with adjacent
bone, joint, or soft tissue infections – predomi-
nate in patients with osteosarcoma and other
bone neoplasms.

SPECTRUM OF INFECTION

Most infections in patients with solid tumors
are caused by the patients’ own resident
microflora. The acquisition of nosocomial
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pathogens occurs after hospitalization, particu-
larly following prolonged or multiple antibiotic
exposure(s). The distribution of causative
organisms, therefore, generally mirrors the nor-
mal flora at a particular site of infection, or the
nosocomial flora of a particular unit or institu-
tion. For example, surgical wound infections

and catheter-related infections are caused most
often by organisms colonizing the skin (coag-
ulase-negative staphylococci, Staphylococcus
aureus, Streptococcus spp., Bacillus spp.,
Corynebacteria), although certain opportunistic
pathogens such as Acinetobacter spp., the
Enterobacteriaceae, Ps. aeruginosa, and Candida
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Table 5.2 Predominant sites of infection in cancer patients with solid tumors

Tumor Common sites of infection

Brain (CNS) Wound infection; epidural and/or subdural infection; brain abscess;
meningitis/ventriculitis; shunt-related infection; urinary tract infection;
pneumonia (aspiration)

Head and neck Cellulitis/wound infection; deep facial space infection; mastoiditis;
sinusitis; aspiration/nosocomial pneumonia; cavernous (or other)
sinus thrombosis; meningitis; brain abscess; retropharyngeal and
paravertebral abscesses; osteomyelitis

Upper gastrointestinal Mediastinitis; tracheo-esophageal fistula with pneumonitis; gastric
perforation and abscess; feeding-tube-related infections

Breast Surgical wound infection; cellulitis/lymphangitis following axillary node
dissection; mastitis; breast abscess

Hepatobiliary–pancreatic Surgical wound infection; peritonitis; ascending
cholangitis � bacteremia; hepatic, pancreatic, or subdiaphragmatic
abscess

Lower gastrointestinal and pelvic Wound infection, peritonitis; intra-abdominal or pelvic abscess; acute
or chronic urinary tract infection; necrotizing fasciitis; typhlitis;
enterocolitis (radiation-induced); perianal/perirectal infection;
sacral/coccygeal osteomyelitis

Genitourinary and prostate Acute and chronic pyelonephritis � bacteremia; prostatitis; catheter-
related complicated urinary tract infection; wound infection

Bone, joints, cartilage Surgical wound infection; skin and skin structure infection; bursitis;
synovitis; septic arthritis; osteomyelitis; infected prosthesis



spp. are significant pathogens in the nosocomial
setting. Similarly, most respiratory infections
are caused by the resident oropharyngeal flora
(Streptococcus pneumoniae, Haemophilus influen-
zae, mouth anaerobes, etc.), with Staphylococcus
spp. and Gram-negative bacilli gaining pre-
dominance in the hospital. Enteric Gram-
negative bacilli, intestinal anaerobes, and the
enterococci dominate abdominal and pelvic
sites of infection. Polymicrobial infections occur
commonly when there is tissue involvement.9

Examples include pneumonia, complicated or
extensive wound infections, neutropenic ente-
rocolitis (typhlitis), perirectal infections, and
other skin and skin structure infections.
Catheter-associated infections may also be
polymicrobial in nature. Gram-positive cocci,
Gram-negative bacilli, anaerobes, and yeast
(Candida spp.) are commonly isolated, depend-
ing upon the site of infection. Occasionally, bac-
terial, fungal, and/or viral infections may
coexist. Candida spp. frequently colonize debili-
tated hospitalized patients, particularly those
who have received multiple or prolonged
courses of broad-spectrum antibacterial ther-
apy. Candiduria and candidemia are not
uncommon in this setting, although dissemi-
nated candidiasis is distinctly uncommon in
solid tumor patients. Colonization with Candida
spp., therefore, is not sufficient reason for anti-
fungal therapy in such patients. However, colo-
nization at multiple sites in the same patient
does increase the likelihood of disseminated
infection and pre-emptive therapy might be
indicated in some patients who are heavily col-
onized. The emergence of resistant Candida spp.
such as C. krusei, C. glabrata, and C. tropicalis is
of great concern.

Localized fungal infections such as primary
cutaneous aspergillosis (associated with vascu-
lar catheters) or nailbed infection by Fusarium
and other fungi are rare, and seldom progress
to more invasive/disseminated infections.
Invasive mold infections are rare. Local
debridement and a short course of antifungal
therapy usually produces satisfactory response
rates. Viral infections (cytomegalovirus (CMV),

varicella zoster virus (VZV), Epstein–Barr virus
(EBV), respiratory syncytial virus (RSV), respi-
ratory viruses) and parasitic infections (toxo-
plasmosis, Strongyloidiasis) are also quite rare in
solid tumor patients. There are increasing
reports of the occurrence of Pneumocystis carinii
pneumonia (PCP) in patients with breast
cancer, and other solid tumor patients receiving
corticosteroid or other immunosuppressive
therapies.10–12 A breakdown of predominant
pathogens according to site of infection is pro-
vided in Table 5.3.

CLINICAL FEATURES AND DIAGNOSIS

The predominant clinical features encountered
with specific infections depend largely on the
site and nature of the infection. As a general
rule, patients who are severely neutropenic or
are receiving corticosteroid or other type of
immunotherapy have a blunted inflammatory
response, leading to a paucity of clinical signs
and symptoms.13 In contrast, most patients with
solid tumors who develop an infection have a
normal, vigorous inflammatory response, mak-
ing clinical evaluation and diagnosis a little eas-
ier to accomplish.

There is no substitute for a careful and
detailed history and a thorough physical exami-
nation as part of the initial evaluation. Since the
institution of broad-spectrum empiric therapy
is generally not as critical as in neutropenic
patients with hematologic malignancies, time
spent on obtaining pertinent historical informa-
tion and conducting a physical examination can
often lead to the identification of a specific
focus. For example, a history of travel to or resi-
dence in areas endemic for specific infections
(tuberculosis, endemic mycoses, parasitic dis-
eases) is important, and might help draw atten-
tion to them as the patient is being evaluated.
Knowledge of prior surgical procedures and
implanted prosthetic devices is also an impor-
tant historical factor in such patients, since it
may help identify a specific focus of infection.
The use of prior antibiotics and over-the-
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counter medications can alter the nature and
spectrum of subsequent infection, and should
be determined when interviewing the patient.
An immunization history (e.g. pneumococcal
vaccine) might also be useful. Seizure activity

might suggest an intracranial process and/or
aspiration pneumonia. A persistent cough, pro-
ductive of large amounts of foul-smelling spu-
tum, is consistent with the presence of a lung
abscess or post-obstructive pneumonitis. The
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Table 5.3 Predominant organisms by site of infection

Site Predominant organisms

Bloodstream Coagulase-negative staphylococci, Staphylococcus
aureus, Enterococcus spp., Streptococcus spp.,
Enterobacteriaceae, Ps. aeruginosa, Candida spp.

Central nervous system (including shunt- Coagulase-negative staphylococci, S. aureus, enteric 
related and post-surgical infections) Gram-negative bacilli, Streptococcus pneumoniae,

Haemophilus influenzae, mouth anaerobes, Listeria
monocytogenes, Cryptococcus neoformans

Respiratory tract (upper respiratory infections, S. pneumoniae, H. influenzae, Moraxella catarrhalis,
lower respiratory tract infections, lung abscess, Enterobacteriaceae, Ps. aeruginosa, coagulase-negative
empyema) staphylococci, S. aureus, mouth anaerobes

(Peptococcus, Peptostreptococcus, Fusobacterium,
etc.)

Biliary tract Enteric Gram-negative bacilli, Enterococcus spp.,
enteric anaerobes, Candida spp.

Intra-abdominal/pelvic Enteric Gram-negative bacilli, Enterococcus spp.,
enteric anaerobes (Bacteroides spp., Clostridium spp.),
Candida spp.

Catheter-related Coagulase-negative staphylococci, S. aureus, Bacillus
spp., Corynebacterium jeikeium, Ps. aeruginosa,
Acinetobacter spp., Stenotrophomonas maltophilia,
enteric Gram-negative bacilli, mycobacteria (rapid
growers), Candida spp.

Skin/skin structure S. aureus, Streptococcus spp., Ps. aeruginosa, enteric
Gram-negative bacilli, anaerobes



expression of urine or fecal material through
the vagina indicates the presence of a vesico-
vaginal or recto-vaginal fistula. During physical
examination, close attention needs to be
focused on the oropharyngeal cavities, the
groin and perirectal region, sites where obstruc-
tion might occur, surgical wounds, prosthetic
devices, irradiated areas, the skin (including the
nail beds), catheter insertion sites, and the
paranasal sinuses.

There is nothing unique about the initial lab-
oratory evaluation of patients with solid
tumors. A basic evaluation that includes chem-
ical analysis of the blood and urine, a complete
and differential blood count, tests for hepatic
and renal function, and all appropriate microbi-
ological cultures should be conducted on all
patients. In patients with diarrhea, testing for
Clostridium difficile toxin is often recommended
as the first step. If this is negative and the diar-
rhea is suspected to be of infectious etiology,
the stools should be tested for specific bacteria
(e.g. Aeromonas, Campylobacter, Plesiomonas,
Salmonella, Shigella, and Yersinia), protozoa
(amoeba, Cryptospordium, Giardia, etc.), viruses
(rotavirus, CMV), and also mycobacteria
(Mycobacterium avium complex: MAC). Urine
cultures are indicated if the patient is sympto-
matic, the urinalysis is abnormal, a urinary
catheter is in place, or surgery involving the
urinary tract has been performed. Examination
of the cerebrospinal, pleural, and ascitic fluids
should be performed when clinically indicated,
and the specimens should be sent for bacterial,
fungal, and other appropriate cultures.
Radiographic evaluation of the chest is not
useful on a routine basis, but is indicated when
primary or metastatic lung disease or pul-
monary symptoms (cough, sputum, dyspnea,
chest pain, or hemoptysis) are present.
Radiographic imaging studies (computed
tomography, magnetic resonance imaging) may
be particularly useful in evaluating the CNS,
paranasal sinuses, pulmonary, abdominal, and
pelvic foci. Indium-labeled leukocyte scans,
bone scans, and gallium scans are often done,
but provide useful diagnostic information infre-

quently. Doppler or venous flow studies are
useful for the evaluation of deep venous throm-
bophlebitis that is often not clinically apparent.
Serologic studies are generally not very useful
unless a specific pathogen that elicits a serologic
response is suspected.

Cutaneous lesions should be biopsied for
Gram staining, staining for other pathogens
(fungi, mycobacteria, and protozoa), culture,
and cytologic examination. Other invasive pro-
cedures, such as biopsies of the lung, liver,
bone, brain, lymph nodes, and bone marrow,
should be performed expeditiously when clini-
cally indicated, and handled in a similar fash-
ion. In general, such procedures are easier to
perform in patients with solid tumors than in
patients with hematologic malignancies, since
most patients are not thrombocytopenic, and
hemostasis is not a significant problem.

The role of serial microbiological surveillance
cultures in patients with solid tumors has not
been established. They can occasionally provide
useful information; however, the predictive
yield of such cultures is low. Knowledge of
local microflora, however, is an important fac-
tor when considering the use of surveillance
cultures. In institutions where resistant organ-
isms such as VRE, methicillin-resistant S. aureus
(MRSA), Ps. aeruginosa, Stenotrophomonas mal-
tophilia, C. krusei, etc. are relatively common,
prior knowledge of colonization with such
organisms can help in the choice of appropriate
therapy when infection develops, and in the
prevention of nosocomial transmission of these
organisms from patient to patient.

THERAPY

Experience from the National Cancer Institute
(Bethesda, MD) and from institutions that par-
ticipate in the IATCG/EORTC trials indicates
that the frequency of bacteremias is lower in
neutropenic patients with solid tumors than in
those with hematologic malignancies (12% ver-
sus 25%), whereas episodes of unexplained
fever are more common (65% versus 40–50%).
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In contrast, at the University of Texas MD
Anderson Cancer Center, clinically and micro-
biologically documented infections are encoun-
tered more often in patients with solid tumors
(50–60% versus 40%) and episodes of unex-
plained fever are less common in these patients
(40% versus 60%).4,14 Therapeutic strategies,
therefore, are largely institution-dependant,
and will be discussed under two broad cat-
egories: treatment of unexplained fever, and
treatment of specific infections.

TREATMENT OF UNEXPLAINED FEVER

The principles of the management of unex-
plained fever in solid tumor patients with neu-
tropenia are similar to those for patients with
hematologic malignancies.4,15,16 Empiric therapy
generally consists of the administration of par-
enteral broad-spectrum antibiotics, while the
patient is monitored in the hospital. Several
choices for initial therapy are available, but spe-
cific regimens need to be tailored to local
microflora and susceptibility patterns. These
choices include the following:

combination regimens
• aminoglycoside plus �-lactam;
• glycopeptide plus �-lactam;
• glycopeptide plus quinolone;
• aminoglycoside plus quinolone.

monotherapy
• extended-spectrum anti-pseudomonal

cephalosporin;
• carbapenem.

Initial usage of glycopeptides should be con-
sidered only when the likelihood of infection
with resistant Gram-positive organisms is high
(MRSA, viridans streptococci, coagulase-
negative staphylococci, and Corynebacterium
jeikeium). The routine use of these agents should
be avoided, since this has been associated with
the emergence of VRE and other glycopeptide-
resistant microorganisms.17,18 Of concern is the

increasing level of glycopeptide resistance
among organisms such as Bacillus spp. and
Rhodococcus spp.19 If used empirically, gly-
copeptide therapy should be discontinued
promptly when relevant microbiological cul-
tures are negative for resistant Gram-positive
organisms. Various combination regimens and
broad-spectrum agents used as monotherapy
have been associated with overall response
rates of 65–95%.15

Changes or alternations of the initial regimen
are indicated for failure to respond and/or pro-
gressive infection, new clinical developments,
or microbiological data and susceptibility
information that indicate the need for a change.
Frequent alternations or modifications include
the following:

• addition of a glycopeptide if not used ini-
tially, when Gram-positive coverage needs
to be strengthened;

• addition of a second drug with potent
Gram-negative activity (if only one was
included in the initial regimen), especially
if a documented Gram-negative infection is
not responding adequately;

• additional anaerobic coverage (clin-
damycin, metronidazole) for infections
such as necrotizing gingivitis, neutropenic
enterocolitis, perirectal abscesses, or other
intra-abdominal pelvic sites;

• addition of empiric antifungal agents (flu-
conazole, itraconazole, amphotericin B or
its lipid formulations);

• surgical intervention (e.g. drainage of an
abscess or debridement for suspected/doc-
umented fungal infections of devitalized
tissue) or removal of foreign bodies such as
an infected catheter is occasionally neces-
sary.

Standard therapy for febrile neutropenia in
patients with solid tumors does not differ much
from that in patients with hematologic malig-
nancies, except that the duration of treatment is
generally shorter owing to the shorter ‘at-risk’
period. Recently, clinical and statistically
derived risk-prediction models have enabled
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clinicians to simplify the treatment of ‘low-risk’
neutropenic patients (most of whom are
patients with solid tumors receiving conven-
tional chemotherapy), with the use of par-
enteral, sequential (intravenous → oral), or oral
regimens that enable early discharge from the
hospital, or outpatient therapy for the entire
duration of the febrile episode.20–23 This ‘risk-
based’ approach to therapy might be more cost-
effective, and might result in improved quality
of life for patients and their care-givers, than
the standard approach of hospital-based ther-
apy. Early discharge from hospital or outpa-
tient therapy also decreases the frequency of
‘healthcare-associated’ infections (many of
which are caused by multidrug-resistant organ-
isms), and reduces other hazards of hospital-
based care.24–26 (See Chapter 9.)

THERAPY OF SPECIFIC INFECTIONS

Gram-positive infections

Response to standard antibacterial therapy in
solid tumor patients who develop Gram-
positive infections exceeds 95%.27 Agents other
than glycopeptides (vancomycin, teicoplanin)
to which the specific pathogen isolated is sus-
ceptible are generally appropriate. These
include anti-staphylococcal penicillins (naf-
cillin, oxacillin), other �-lactams, trimetho-
prim/sulfamethoxazole (TMP/SMX), the tetra-
cyclines, the macrolides, clindamycin, and
some newer quinolones (gatifloxacin, moxi-
floxacin).28,29 Glycopeptides are indicated when
an organism resistant to other antimicrobial
agents is isolated, or in patients who are allergic
to �-lactams or other antimicrobial agents, but
should not be used solely for the sake of conve-
nience of administration. Occasionally, combi-
nation regimens that interact synergistically are
preferable. Examples include an aminoglyco-
side plus a �-lactam, and vancomycin plus an
aminoglycoside or rifampin.

New agents have recently become available
for the treatment of glycopeptide-resistant

organisms, particularly VRE. These include the
oxazolidinone linezolid, and the quinipristin/
dalfopristin combination Synercid.30,31 Although
these agents are active against a wide spectrum
of organisms, they should not be used indis-
criminately, since resistance to them is already
being encountered.

Many Gram-positive bacteremic infections
are related to the presence of an indwelling
catheter. Many of these infections, especially
those caused by coagulase-negative staphylo-
cocci, can be treated with antimicrobial agents
alone, without removal of the catheter.
However, persistent bacteremia or fever,
significant infection at the catheter entry site, or
the isolation of certain microorganisms (Bacillus
spp., S. aureus, C. jeikeium) might necessitate
catheter removal. The duration of therapy is
10–14 days unless evidence of endocarditis,
septic thrombophlebitis, or other signs of dis-
semination is present.

Gram-negative infections

A large number of antimicrobial agents with
potent activity against commonly isolated Gram-
negative bacilli are currently available. The most
commonly used are the extended-spectrum
cephalosporins (ceftazidime, cefepime), anti-
pseudomonal penicillin/�-lactamase combina-
tions (ticarcillin/clavulanate, piperacillin/
tazobactam), the carbapenems (imipenem,
meropenem), the monobactam (aztreonam), the
aminoglycosides (gentamicin, tobramycin,
amikacin), and the quinolones (ciprofloxacin,
gatifloxacin). Agents such as TMP/SMX and
rifampin also have useful activity against many
Gram-negative pathogens, although they are sel-
dom used as ‘first-line’ agents. The aminoglyco-
sides are not appropriate for the monotherapy
of Gram-negative infections in neutropenic
patients, even if in vitro susceptibility of the
causative pathogen is demonstrated. They are
best utilized in combination with other classes of
antimicrobial agents, particularly if such combi-
nations are synergistic.
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The appropriate management of infections
caused by Ps. aeruginosa continues to be
debated. Some authorities recommend the use
of combination regimens (preferably synergis-
tic) without exception, particularly in patients
with severe neutropenia. However, in a large
review of Ps. aeruginosa bacteremia in cancer
patients from the MD Anderson Cancer Center,
the most critical factors for a favorable response
were the timing of therapy (i.e. any delay
adversely affected outcome), and susceptibility
of the organism to the non-aminoglycoside
component of the therapeutic regimen.32 This
experience has been confirmed in a follow-up
study from the same institution.33 Although
combination therapy may not always be neces-
sary, Ps. aeruginosa is known to be an aggressive
pathogen, and is associated with considerable
morbidity and mortality. In light of recent data
indicating that major organ and/or tissue
involvement is associated with poorer out-
comes, particularly in patients with Ps. aerugi-
nosa bacteremia, it might be prudent to
administer combination regimens to patients
with such complicated infections.34

Unlike Gram-positive bacteremias, most
Gram-negative bacteremias are not catheter-
related. However, Acinetobacter spp., Pseudo-
monas spp., and S. maltophilia are more likely to
cause catheter-related infections than other
Gram-negatives, and catheter removal, in addi-
tion to appropriate antimicrobial therapy,
might occasionally be necessary.

Anaerobic infections

Many empiric regimens contain adequate
anaerobic coverage, since they include agents
such as the carbapenems and piperacillin/
tazobactam. However, monotherapy with
extended-spectrum cephalosporins or combina-
tion therapy with cephalosporin/aminoglyco-
side does not provide adequate anaerobic
coverage. In patients receiving such regimens,
the addition of agents such as clindamycin or
metronidazole or a change to a broad-spectrum

agent with anaerobic activity is indicated when
anaerobes are isolated or strongly suspected to
be present. Surgical intervention may be life-
saving in some infections involving anaerobes,
and surgical consultants should be involved in
the management of necrotizing anaerobic infec-
tions from the onset.

Fungal and viral infections

Fluconazole is effective for the treatment of can-
didemia caused by susceptible species (i.e. most
Candida spp. except C. krusei.35 Species other
than C. albicans might require high-dose
fluconazole therapy (800–1200 mg/day) for
adequate response to occur, owing to 
‘dose-dependent susceptibility’ of these iso-
lates.36 Removal or exchange of infected
catheters shortens the duration of candidemia,
and hastens response.37 Amphotericin B is also
effective, but its use is limited by substantial
toxicity. The lipid formulations of amphotericin
B are much less toxic, but far more expensive,
and are indicated when toxicity or refractory
infections make the use of amphotericin B
deoxycholate unrealistic or impractical.38

Fluconazole is also effective for more localized
infections (thrush, esophagitis, vaginitis, can-
diduria). Cryptococcal meningitis is seen occa-
sionally – particularly in patients receiving
prolonged corticosteroid therapy. Other, dis-
seminated fungal infections are rare in solid
tumor patients, and their treatment is standard.

Patients with solid tumors are not at particu-
lar risk of developing disseminated viral infec-
tions, and there is nothing unique about their
management, when documented in this patient
population. Acyclovir remains the agent of
choice for the treatment of infections caused by
herpes simplex virus (HSV) and VZV. For local-
ized lesions or where parenteral therapy is no
longer necessary, the newer oral agents (valaci-
clovir, famciclovir) provide greater bioavailabil-
ity than oral acyclovir. CMV, EBV, and human
herpesvirus-6 (HHV-6) are rarely encountered
in solid tumor patients.
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Community respiratory viruses (influenza,
parainfluenza, RSV) have recently been shown
to be important causes of morbidity and mor-
tality in recipients of bone marrow transplants
and patients with hematologic malignancies.
They have not been studied extensively in
patients with solid tumors, and, in all likeli-
hood, do not have the same impact in this set-
ting. Management according to currently
established standards is adequate.

Many solid tumor patients develop elevation
of aminotransferase (transaminase) levels, indi-
cating hepatic injury, but it is often difficult to
determine whether the disease is viral or drug-
induced. The presence of hepatitis may result in
considerable delays in the administration of
antineoplastic therapy, since it is hazardous to
administer hepatotoxic drugs to patients whose
liver functions are already impaired. Several
reports have focused on the phenomenon of
reactivation of quiescent liver disease due to
hepatitis B virus following cytotoxic or
immunosuppressive therapy.39,40 The clinical
picture is that of fulminant hepatitis, which has
led to the requirement for liver transplantation
in some patients.

Parasitic infections (toxoplasmosis, cryp-
tosporidosis, etc.) are uncommon in solid tumor
patients. Standard therapeutic measures are
indicated.

Mycobacterial infections

Mycobacterial infections occur more frequently
in patients with cancers than in the general
population. In a review of 201 cases of tubercu-
losis from the Memorial Sloan-Kettering Cancer
Center, patients with lung cancers had the high-
est prevalence of tuberculosis (920 per 100 000)
among solid tumor patients.41 Lung cancer and
head and neck cancer patients presented more
often with tuberculosis at the time of cancer
diagnosis, whereas patients with other malig-
nancies developed tuberculosis more often
while receiving cancer chemotherapy. More
recent data from the MD Anderson Cancer

Center indicate that tuberculosis remains
particularly common in patients with head and
neck cancers42 (Figure 5.1). Fifty percent of
patients were receiving antineoplastic therapy
and 14.2% were, or had recently been, on corti-
costeroids. The various manifestations of tuber-
culosis described in this report include
pulmonary tuberculosis, adenitis, chest wall
and psoas abscess, pleuritis, meningitis, and
widely disseminated infection. No multidrug-
resistant isolates were encountered. Despite
this, the mortality rate was 25%.

Two mechanisms of tuberculosis reactivation
have been postulated in this setting. Tumor
necrosis can cause the breakdown of pre-
existing granulomas, liberating sequestered
mycobacteria. Alternatively, chemotherapy-
induced immunosuppression, corticosteroids,
or malignancy-associated cachexia can impair
cell-mediated immunity to such a degree that
reactivation of tuberculosis occurs. Since ther-
apy for many solid tumors has increasingly
become more intensive, the possibility of an
increase in the incidence of tuberculosis reacti-
vation exists. Consequently, a high index of
suspicion for tuberculosis needs to be main-
tained, particularly if a patient’s history or
epidemiologic background suggests prior
exposure to or active treatment of tuberculosis.
In such patients, the development of pul-
monary symptoms and/or radiographic find-
ings should prompt an evaluation for the
presence of tuberculosis (tuberculin skin test;
sputum, bronchoalveolar lavage, or lung biopsy
samples for acid-fast bacillus (AFB) smears and
cultures). Prophylaxis with daily isoniazid is
indicated for a period of 6–12 months in
patients with a positive tuberculin test and no
evidence of active tuberculosis. Newer prophy-
lactic regimens (rifampin plus pyrazinamide)
that can be administered for a shorter period
have recently been evaluated – primarily in
patients with AIDS – but have not been well
studied in patients with neoplastic diseases.43

Whenever AFBs are identified in smears or
cultures of respiratory specimens or on histo-
pathology or cytology, therapy for presumed
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Figure 5.1 Right upper lobe cavitary tuberculosis in
a Latin American male with primary nasopharyngeal
carcinoma. The patient responded to standard anti-
tubercular chemotherapy.

active pulmonary tuberculosis should be insti-
tuted. Upon final identification of the organ-
isms, therapy should be continued (if
tuberculosis is confirmed), modified (if other
pathogenic mycobacteria such as M. kansasii or
MAC are identified), or discontinued (if conta-
minants such as M. gordonae are identified).

Mycobacterium kansasii has traditionally been
considered to be the most virulent non-
tuberculous mycobacterium, and infections
caused by M. kansasii have also been described
with increased frequency in cancer patients. In
a recently published report from the MD
Anderson Cancer Center, the incidence of M.
kansasii infection was 25 cases per 100 000
cancer patient registrations.44 The infection was
actually more common in patients with
leukemia than in solid tumor patients (115 ver-

sus 14 cases per 100 000), and pleuropulmonary
disease was predominant. Two patients (8%)
had disseminated infection. Most patients were
treated with rifampin-based regimens.
Although 60% died within 20 months of M.
kansasii isolation, death was attributed to the
primary neoplasm and not to M. kansasii in
most instances.

Rapidly growing mycobacteria have also
been reported to cause pulmonary, catheter-
related, and disseminated infections in cancer
patients.45–48 These organisms are isolated less
frequently than M. tuberculosis and M. kansasii,
and are encountered predominantly in patients
with solid tumors.45 They are resistant to stan-
dard antitubercular drugs, but are susceptible
to agents such as TMP/SMX, the quinolones,
and the macrolides. As in the case of other
mycobacterial infections, combination regimens
are recommended.

Similarly, MAC bacteria cause pulmonary, or
disseminated infections in cancer patients, pre-
dominantly in solid tumor patients.49 These
organisms are also resistant to standard antitu-
bercular agents, and require combination ther-
apy with agents to which they are susceptible.50

SPECIAL CONSIDERATIONS

Post-obstructive pulmonary infections

Lung cancer patients often develop focal pul-
monary infections. In most instances, this is
due to partial obstruction of the bronchial tree
leading to atelectasis and post-obstructive
pneumonitis. Occasionally, the infection may
progress to abscess formation and even
empyema (Figure 5.2). In a small number of
cases, infection occurs within an area of tumor
necrosis, rather than as a result of airway
obstruction. These infections are predominantly
polymicrobial (staphylococci, Gram-negative
bacilli, anaerobes), and, in addition to pro-
longed broad-spectrum antibiotic therapy,
methods to overcome the obstruction (antineo-
plastic therapy, radiation, endobronchial



brachytherapy stent placement) are usually
necessary to ensure adequate drainage of the
infected lung.

Infections associated with breast cancer
surgery

Breast cancer is the most commonly diagnosed
malignancy in women in the USA, accounting
for 182 800 of 600 400 new cancer cases in
women in 2000.51 Most of these patients
undergo some surgical procedure of the
involved breast, along with resection of ipsilat-
eral lymph nodes, and radiation, which predis-
poses them to poor wound healing and various
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Figure 5.2 This 48-year-old man with primary
adenocarcinoma of the lung presented with fever,
chills, and a cough productive of foul-smelling
sputum. Chest radiograph revealed extensive
infiltration in the left lung, post-obstructive
pneumonia, progressing to lung abscess formation.
Note the air–fluid level in the abscess.

infectious complications (both early and late),
primarily involving the skin and soft tissue.52–54

These range from post-operative wound-
infection, post-operative hematoma or seroma
formation followed by secondary infection,
breast cellulitis, lymphedema and lymphangi-
tis, mastitis, and breast abscess formation
(Figure 5.3). In a matched case–control study
designed to identify risk factors for the devel-
opment of breast cellulitis after breast conserva-
tion therapy, the following six factors were
significant:55

• drainage of a hematoma;
• postoperative ecchymosis
• presence of lymphedema;
• volume of resected breast tissue;
• previous number of biopsies;
• number of breast seroma aspiration proce-

dures.

Patients with these risk factors may be at life-
long risk for developing infections that are slow
to respond and are often recurrent. Even minor
trauma in patients with lymph node dissection
can lead to cellulitis or more invasive infections.
Patients should be instructed to minimize such
events by avoiding phlebotomy, vascular access
catheters, blood pressure monitoring or other
routine procedures on the involved extremity.
Early and aggressive therapy at the earliest sign
of infection can prevent local skin breakdown
and invasion. A selected group of patients with
recurrent infections might benefit from chronic
suppressive antimicrobial therapy.

Ommaya-reservoir-related infections

The treatment of diffuse leptomeningeal disease
or neoplastic meningitis includes chemotherapy
delivered through an Ommaya reservoir, since
placing an Ommaya reservoir allows direct
access to the ventricular system for both fluid
analysis and drug delivery. These reservoirs,
however, can act as a focus of infection,
particularly in patients in whom frequent
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Figure 5.3 This 60-year-old
woman underwent surgery for left
breast carcinoma, including the
removal of 16 lymph nodes. She
developed massive edema, pain,
and cellulitis in her left upper
extremity following
chemotherapy. Note the
difference between the normal
and infected extremity.

ventricular access is required. Coagulase-
negative staphylococci, and other common
inhabitants of the skin, are the most frequent
pathogens in this setting. Systemic and intra-
ventricular installation of antimicrobial agents
to which the offending pathogens are suscepti-
ble usually produces a satisfactory response. In
some cases, removal of the infected Ommaya
reservoir is necessary, in addition to antimicro-
bial therapy.

Hepatobiliary infection

Obstruction of the biliary tract as a result of
hepatobiliary and/or pancreatic tumors results
in the development of ascending cholangitis.8

On rare occasions, single or multiple hepatic
abscesses might also develop. Ascending
cholangitis might also be the initial manifesta-
tion of local malignancy, and may lead to this
diagnosis during evaluation. Finally, hepatic
abscesses have been reported after invasive
procedures for hepatocellular carcinoma,

including the administration of intra-arterial
chemotherapy. Most of these infections are
polymicrobial in nature, with enteric Gram-
negative bacilli, anaerobes and Enterococcus
spp. predominating. Broad-spectrum antimicro-
bial therapy and percutaneous drainage are
often necessary in order to achieve an adequate
response and prevent recurrent infection.

Gynecologic-cancer-associated infections

Local obstruction caused by tumor, tumor
necrosis, and therapeutic modalities (including
chemotherapy, surgery, and radiation) all con-
tribute to infections in patients with gyneco-
logic malignancy. Tumor-related infections
depend on the site and size of the tumor. For
example, infections complicating stage I cervi-
cal cancer generally involve the surfaces of the
tumor and are usually limited to the vagina.56

As tumors enlarge, obstruction to various
organs results in the development of urinary
tract infections, tubo-ovarian abscesses, and



pyometra. Rupture of tubo-ovarian abscesses or
pyometra can lead to the development of acute
peritonitis.57,58 These complications are rare,
since most gynecologic cancers are detected
and treated at an earlier stage.

Infections related to the treatment modalities
used in patients with gynecologic cancers
depend on the mode of treatment. The general
principles relating to the management of febrile
neutropenic patients also apply to patients
with gynecologic cancers when they receive
chemotherapy and become neutropenic. How-
ever, documented intrapelvic/abdominal sites
are more common than in patients with other
cancers, and empiric antimicrobial coverage
needs to include potent Gram-negative and
anaerobic activity. In addition to routine post-
surgical infections (e.g. wound infections), the
removal of pelvic organs and tissue results in
the creation of spaces that are filled by blood
and serum, with a high potential for infection.
Complications of radiation include bowel
obstruction or perforation, and fistula forma-
tion. All these complications are life-
threatening, and require prompt and aggressive
antimicrobial therapy in conjunction with
appropriate surgical intervention.

Infections mimicking cancer

Certain infections can occasionally produce
clinical manifestations and radiographic images
that are indistinguishable from those produced
by neoplasms. The most common site of such
lesions is the lung. Some patients may be totally
asymptomatic, and pulmonary lesions may be
identified on routine yearly physician visits, or
during medical evaluations required by new
employers or insurance companies. Most
lesions identified in this manner do turn out to
be neoplastic. However, in a large study con-
ducted at the MD Anderson Cancer Center, 37
of 2908 patients (1.3%) with pulmonary lesions
who were referred to ‘rule out’ lung cancer had
an infection instead.59 In none of these patients
was an infection strongly suspected during the

primary evaluation. Fungal infections (histo-
plasmosis, coccidioidomycosis, and cryptococ-
cosis) accounted for 46% of these infections,
and mycobacterial infections for 27%. Bacterial
and parasitic infections were uncommon.

Lesions in other parts of the body (liver,
bone, thyroid, lymph nodes, breast, etc.) can
also simulate cancer and create diagnostic and
therapeutic challenges.60–63 A recent report high-
lights a series of patients with actinomycosis,
who presented with mandibular and pelvic
lesions that were thought to be neoplastic
on initial presentation and evaluation.64

Documentation of a specific diagnosis by
microbiological and/or histologic techniques is
mandatory for the proper management of these
patients.

Many of these infections can also present
diagnostic challenges in patients with cancer
who have been effectively treated. When new
lesions are detected in such patients, the most
common suspicion is that of metastatic or recur-
rent neoplastic disease. These lesions also need
to be evaluated carefully, and a specific diagno-
sis made, since the management of recurrent
neoplastic disease is totally different from that
of infection.

SUMMARY

Patients who have hematologic malignancies
often develop life-threatening infections, espe-
cially when they are severely neutropenic. Since
this is a relatively homogeneous group, it has
been the subject of intense study, and a large
number of well-designed trials have been
instrumental in developing general and specific
principles for the management of such patients.
In contrast, patients with solid tumors are
extremely heterogeneous, and infections in
such patients have been less well studied. They
do, however, represent the majority of new
cases of cancer diagnosed each year, and
develop a large number of infectious complica-
tions. Some are related to the tumor itself, and
some to local phenomena such as obstruction or
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disruption of normal anatomic barriers. Others
are related to various treatment modalities
(chemotherapy, surgery, or radiation) and the
nature of these infections depends on the treat-
ment modality and the type and site of tumor
being treated. Since most tumors are diagnosed
earlier than they used to be owing to improve-
ments in screening programs and diagnostic
techniques, infections related to the tumor itself
are becoming less common. In contrast, patients
with solid tumors are receiving increasingly
intensive antineoplastic therapy (often employ-
ing multiple modalities in the same patient) in
order to achieve better antitumor responses.
Consequently, infections related to these treat-
ment modalities have become more frequent. In
order to better understand the diversity of
infections seen and to develop management
strategies specifically for the different solid
tumor groups (CNS tumors, breast cancer, lung
cancer, etc.), carefully designed studies focus-
ing on the predisposing factors, epidemiology,
manifestations, diagnosis, and treatment of
these infections need to be conducted. Such
studies will provide the information needed to
appropriately manage patients with solid
tumors who develop infections, rather than
applying management strategies that have been
developed for, and are more pertinent in,
patients with hematologic malignancies.
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6
Infections in patients with hematologic
malignancies
Ben E De Pauw

INTRODUCTION

An intact defense system offers protection
against infections through a complex interrela-
tionship of protecting surfaces, cells, and solu-
ble factors. A good general condition, optimal
nutritional status, and normal organ function,
together with all components of the cellular and
humoral immune system, provide adequate
protection against pathogenic microorganisms.
There are fundamental differences between
hematologic malignancies and solid tumors
which affect the incidence as well as the sever-
ity of infectious complications concerned.
Leukemias and lymphomas reside by definition
within the immune system itself, exerting a
dual deleterious effect. The malignant popu-
lation interferes with and supplants the
immunocompetent elements at their original
location. Hemorrhages, inevitable during the
course of acute leukemia, may impede organ
function and facilitate the growth of microor-
ganisms that may be present. The effects of the
various noxious events that occur while treat-
ing a hematologic malignancy differ in severity
and in primary targets. Moreover, such haz-
ardous events exercise their impact dynami-
cally as the degree of disturbance varies with
time during or after a course of treatment.
There is, in fact, a reciprocity: better supportive

care allows more aggressive therapy to achieve
better cure rates at the price of peculiar, hith-
erto rare, infectious complications. Therefore,
the survival of patients with a hematologic
malignancy depends heavily on the quality of
supportive care. Neutropenia is the most
important risk factor, there being an inverse
correlation between the number of circulating
neutrophils and the frequency of infection. All
patients with a neutrophil count of less than
100/µl for more than three weeks will develop
fever, whereas only one-fifth of patients who
are not neutropenic become febrile.1

The signs and symptoms of infection are
muted owing to the absence of neutrophils, and
diagnostic procedures may be very problematic
in immunocompromised hosts.2 No microbio-
logical explanation for the fever will be found
in about 60% of patients who become febrile
while neutropenic, but the fact that more than
three-quarters of them will improve clinically
after treatment with broad-spectrum antibacte-
rials suggests an occult bacterial source as the
cause of fever.3,4 A small inoculum, enough to
cause symptoms of infection in a patient with a
defective defense mechanism, might stay below
the detection limit of standard blood culture
techniques, particularly if marginal samples for
cultures are taken. Ideally, close cooperation
ought to be established between all disciplines



involved in the care of the patient: nurses,
hematologists or oncologists, microbiologists,
radiologists, pulmonologists, pathologists, and
specialists in infectious diseases.

A vast majority of the organisms responsible
for infection during chemotherapy-induced
neutropenia arise from the patient’s endoge-
nous microbial flora, particularly from the gas-
trointestinal tract and cutaneous surfaces.3

Interestingly, potentially pathogenic organisms
that belong to the patient’s flora on admission
are unlikely to cause serious infections.
Conversely, Fainstein et al5 showed that the
oropharyngeal and fecal flora are altered dur-
ing hospital visits, and this change in coloniza-
tion has clinical consequences. These acquired
organisms show a greater propensity to invade
the body, and are frequently responsible for
life-threatening, disseminated infections. But
worldwide, there is presently no predominant
causative pathogen. Prior to 1960, Staphylo-
coccus aureus was most commonly involved in
fatal infections, whereas during the 1960s and
1970s, Gram-negative rods prevailed.6 The
spectrum of organisms responsible for infec-
tions in the neutropenic patient is constantly
changing in conjunction with alterations in the
management of the underlying disease.6–8

Prophylactic use of antibacterials, mainly aimed
at Gram-negative organisms, has certainly
reduced the number of culture-proven infec-
tions by aerobic Gram-negative rods.9 In addi-
tion, the hematopoietic colony-stimulating
factors reduce the length of neutropenia, which
allows the use of higher doses of cytotoxic
drugs, and this promotes other complications
such as severe mucositis. Extensive mucosal
damage is often accompanied by impaired pro-
duction of saliva, and mucin, if produced at all,
may be extremely viscous and difficult to either
swallow or cough up. Under these circum-
stances, viridans streptococci have become the
predominant pathogens in patients who are
treated for a hematologic malignancy.10,11

Intravenous catheters are often essential for the
successful management of immunocompro-
mised patients. Subcutaneously implanted

venous access devices are seldom used, because
surgery is a dangerous procedure in patients
with a bleeding tendency. Hence, a transcuta-
neously inserted catheter with or without a sub-
cutaneous tunnel tract is the standard. Such
catheters provide the single most effective
means of breaching the skin barrier and creat-
ing ready access for microorganisms such as
staphylococci, particularly Staphylococcus epider-
midis, and, to a lesser extent, Candida and
Stenotrophomonas spp.12–14 In patients who
undergo modern, very intensive treatment,
even sepsis with Clostridium perfringens and C.
septicum has been described. Under these cir-
cumstances, the ‘non-pathogens’ Staphylococcus
epidermidis, JK bacteria, and Corynebacterium
parvum or ‘diphtheroids’ cannot be dismissed
as a possible cause of septicemia or organ infec-
tion.15 Anaerobic organisms rarely feature as
single pathogens; they play a role in mixed
polymicrobial infections and represent 6–13%
of all bacteremic episodes. Such multiple-
organism infections often reflect an unremitting
underlying disease, and carry a bad prognosis
in spite of adequate antibiotic therapy.

Since the mid 1970s, antimicrobial agents
have been given to patients in an attempt to
reduce infectious complications arising during
neutropenia.9 Decontamination of the digestive
tract was employed in an attempt to eliminate
potentially pathogenic organisms from the ali-
mentary tract, the major reservoir for Gram-
negative bacilli, but later observations
suggested that the systemic action of
absorbable antibiotics may be more important
than any local effect on the gut flora. Although
total decontamination in combination with ster-
ile food has generally been abandoned as a bur-
den on patients’ quality of life without
improvement of survival rate, selective decont-
amination of the digestive tract still has sup-
porters, mainly in Europe.9 Considering only
those prophylactic studies that are placebo-
controlled, it is by no means clear what benefit
prophylactically administered antibiotics offer.
Bacteremia is reduced, but the rate of fever and
the need to employ empiric therapy is not influ-
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enced. It is therefore unfortunate that an ade-
quate placebo-controlled study with sufficient
power is lacking. Furthermore, probably
because of the practice of giving prompt
empiric therapy, the mortality ultimately attrib-
utable to Gram-negative rods, the principal tar-
get of prophylaxis, is identical to that in
patients not receiving antibiotics prophylacti-
cally. Nevertheless, it is tempting to pursue this
approach in neutropenic patients who are
clearly colonized with virulent organisms such
as Enterobacter cloacae, Pseudomonas aeruginosa,
or yeasts. Regular monitoring of important
body sites as well as the patient’s environment
would be mandatory to support this strategy.

It must be underscored that inadequate
hygiene by visitors, nurses, doctors, and other
personnel is invariably a prominent source of
infection. Organisms such as Legionella pneu-
mophila, Ps. aeruginosa and Aeromonas hydrophila
can reach potentially dangerous concentrations
in watery environments such as air-
conditioning systems, sinks, bathrooms, and
water for flowers and plants. Hence, many cen-
ters do not allow flowers or home-cooked food
in patients’ rooms. Whilst it is mandatory to
eliminate notorious sources of infection within
the hospital and at the patient’s home, masks,
gowns, gloves, and isolation of patients in a
sterile environment are not required unless
there is a specific indication, such as the car-
riage of virulent organisms. Laminar airflow or
HEPA-filtered rooms can be recommended as
an adjunct to care, if high concentrations of fun-
gal spores in the air of a given ward dictate this.
Besides, it is irrational that prescription of H2-
receptor antagonists and other antacids has
gained such popularity, considering the pos-
sible colonization of the gut by Gram-negative
bacilli and organisms such as Listeria monocyto-
genes.

EMPIRIC THERAPY: WHY, WHEN, WHAT?

As there is no reliable way to distinguish a
fever of infectious origin from fever due to non-
infectious causes, the possible presence of a life-
threatening infection must be presumed
whenever fever occurs in a neutropenic
patient.2 Of course, the possibility that a febrile
episode is associated with drugs, such as allop-
urinol, antibiotics, bleomycin, or cytarabine, or
with the underlying disease should always be
contemplated, but such a connection is usually
quite apparent. If left untreated, 40% of patients
who are neutropenic and bacteremic will die
within the first 48 hours after the onset of
fever.16 Hence, antimicrobial therapy should be
commenced within an hour of the first signs or
symptoms of infection. This strategy of prompt
intravenous administration of broad-spectrum
antibacterials in maximal therapeutic dosages
has reduced the mortality associated with bac-
teremia caused by Gram-negative rods to
approximately 10%, and has become a widely
accepted principle of infection management
during neutropenia for almost 30 years.16,17 It is
virtually impossible to cover for every conceiv-
able pathogen, but, in view of their virulence, S.
aureus, Pseudomonas spp., and other Gram-
negative rods are among the primary targets of
empiric antimicrobial therapy. However, partly
because of the changing pattern of infection and
the continuous marketing of new anti-infective
agents, the question of what constitutes the
optimal regimen for the febrile neutropenic
patient has never been answered.18,19 The dis-
cussion focuses on the number and kind of
antibiotics to use for empiric purposes.20,21 It
simply illustrates that no uniformly superior
combination has been found – and nor will one
be in the future, because differences will always
exist between individual patients, centers, and
clinical circumstances.3,20,22 It is essential to
select a regimen on the basis of the most com-
monly encountered infectious pathogens, as
well as the resistance pattern of causative
microorganisms, because empiric use of a �-lac-
tam antibiotic, either alone or in combination,

INFECTIONS IN PATIENTS WITH HEMATOLOGIC MALIGNANCIES 113



to which a significant rate of resistance has been
found must be avoided.7,17

Basically, three different strategies have been
universally accepted for empiric antibiotic ther-
apy: (a) traditional combinations of either a
�-lactam with an aminoglycoside or two �-lac-
tams; (b) monotherapy with an extended-
spectrum �-lactam; (c) both of these options
supplemented by a glycopeptide from the onset
of fever (see Table 6.1).22–29 Depending on the
criteria applied, the response rates vary from
30% to 70% and the overall survival rate is
more than 90%. An aminoglycoside plus either
a broad-spectrum penicillin or cephalosporin
offers possible synergism and, theoretically,
minimal emergence of resistant strains;
disadvantages are limited activity against some
Gram-positive bacteria and the risk of nephro-
toxicity, hypokalemia, and ototoxicity, espe-
cially when other drugs with a similar toxicity
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Table 6.1 Established empiric antibiotic
regimens

Combination therapy
�-lactam (ceftazidime, cefepime, cefpirome, or
piperacillin) with an aminoglycoside (amikacin
or tobramycin) or a second �-lactam of a
different class

Single-agent therapy
Ceftazidime, cefepime, cefpirome,
imipenem–cilastatin, meropenem, and
(probably) piperacillin–tazobactam

Addition of a glycopeptide to the combination
or single agent
Vancomycin or (outside North America)
teicoplanin

profile are used concurrently. Such combina-
tions have been tested at length in many trials
employing numerous different antibacterials,
and many physicians intuitively considered this
the most suitable regimen for patients at high
risk for Gram-negative infections.19,22,23 Double
�-lactam regimens appear to be an acceptable
alternative if nephrotoxicity has to be avoided;
however, because the targets are similar, it is
conceivable that resistance may develop,
although broad-spectrum penicillins have been
combined with clavulanate or tazobactam to
extend their spectrum to include the �-lacta-
mase-producing organisms.24–26 There are some
indications that double �-lactam combinations
can prolong the duration of neutropenia,
whereas their high sodium content may be a
burden for elderly patients. With regard to the
individual drugs to be used in combination reg-
imens, there is a choice of drugs rather than
drugs of choice. The presently most frequently
used aminoglycosides are amikacin and
tobramycin, whereas from the broad-spectrum
penicillins piperacillin–tazobactam and from
the cephalosporins ceftazidime and cefepime
are favored, although these compounds can be
replaced by other antibiotics from the respec-
tive classes on the basis of local patterns of
resistance. The availability of new broad-
spectrum antibiotics has encouraged several
investigators to assess the feasibility of single
agents for empiric purposes. Another reason for
changing the rationale in antibiotic manage-
ment is the significant improvement in antineo-
plastic response rate, making the occurrence of
antibiotic-related toxicity even less tolerable. It
is also a fact that some of the traditional regi-
mens involved up to 13 drug administrations
per day, compounding costs and the potential
for medication errors and sometimes causing
delays in the administration of other parenteral
medication. Initially, single agents were only
acknowledged to constitute adequate empiric
therapy for unexplained fevers and not for doc-
umented infections or episodes with prolonged
neutropenia. However, randomized controlled
trials of empiric monotherapy, employing the



third-generation cephalosporin ceftazidime,
have shown no difference in efficacy in compar-
ison with traditional combinations, not even in
cases of Gram-negative bacteremia.28 It is note-
worthy that the addition of an aminoglycoside
or vancomycin to ceftazidime was necessary in
less than 15% of the episodes of fever and neu-
tropenia.28 Trials assessing the value of
cefepime and cefpirome showed successes simi-
lar to those obtained with ceftazidime or the
classic combinations. Imipenem–cilastatin and
meropenem, with their extended spectrum,
appear to be the most suitable candidates given
the increasing challenge posed by Gram-
positive infections.7,18 These compounds, with-
out being definitely superior, fulfilled most
expectations as far as efficacy was con-
cerned.26,27,30,31 Stenotrophomonas maltophilia and
other non-aeruginosa pseudomonads were
responsible for treatment failures or break-
through bacteremia, and therefore it seems pru-
dent to avoid administration of these antibiotics
in patients who are colonized with these organ-
isms or in centers where these are prevalent
pathogens. The occasionally occurring seizures
and nausea associated with the maximum dose
of imipenem–cilastatin are a cause of concern,
particularly when the patient has a brain lesion
or if drugs such as cyclosporin A and cisplatin
are used concomitantly. In such cases,
meropenem may serve as a safe alternative.30,31

As empiric regimens for febrile neutropenic
patients must always contain reliable anti-
pseudomonal activity, other currently available
broad-spectrum antibiotics should not be used,
although, on theoretical grounds, piperacillin–
tazobactam would be considered by some
investigators. Finally, it should be emphasized
that extensive use of single-drug therapy
requires vigilance, since success depends 
upon continued susceptibility to the drug in
question.

While the choice of a basic empiric regimen
is relevant, the complex issue of whether and
when to add a glycopeptide stays controversial.
The glycopeptides seem to be the drugs of
choice for these pathogens, but two opposing

opinions prevail as to their inclusion in the ini-
tial regimen. One contends that drugs such as
vancomycin can be added later when Gram-
positive bacteria have been isolated or if no
response is seen, with the powerful argument
that glycopeptides do not contribute to the ulti-
mate chances of cure in the vast majority of
patients, because early mortality due to infec-
tions with most Gram-positive organisms is
very low. The second opinion claims that addi-
tion from the start will provide earlier effective
treatment and thus reduce overall morbidity, in
spite of the fact that by following this approach,
as many as seven out of ten cases will be over-
treated. The results of several prospective stud-
ies do suggest that there is rarely need to utilize
vancomycin as part of the front-line therapeutic
regimen.32–34 If, however, there is reason to sus-
pect the possible presence of a methicillin-
resistant S. aureus (MRSA) on the basis of local
patterns of resistance, a glycopeptide must be
included in the initial regimen to avoid unnec-
essary mortality. The choice between the avail-
able glycopeptides is trivial; teicoplanin, which
is not available in North America, is easy to
administer and has very few side-effects,
whereas vancomycin has more reliable activity
against certain subtypes of the coagulase-
negative staphylococci.

Some of the problems associated with the
traditional combinations may be circumvented
by substitution of a �-lactam by a quinolone.
The fluorinated quinolones show no cross-
resistance with �-lactams, and they are highly
active against the rapidly fatal Entero-
bacteriaceae. Their potential for use in an empiric
setting is constrained by their commissioning
for prophylactic purposes and their suboptimal
activity against Gram-positive pathogens,
notably viridans streptococci. In combination
with a specific anti-Gram-positive agent, the
efficacy of the quinolones appears comparable
to that achieved with established regimens,
and, after initial clinical improvement, a switch
to an oral formulation seems feasible.35

Experience with the monobactam aztreonam is
limited, and the results achieved are too
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conflicting to recommend employment of this
antibiotic for first-line therapy, but it can play a
role in the treatment of febrile neutropenic
patients who are allergic or resistant to �-lac-
tam antibiotics, provided that adequate Gram-
positive cover is added.36

INDIVIDUAL ADAPTATIONS

Although the empirical regimen in a given hos-
pital is usually identical for all febrile patients,
it is evident that there is no regimen that will be
appropriate for all febrile neutropenic patients.
Approximately 20–30% of the febrile episodes
in neutropenic patients are due to bacteremias,
20% to clinically documented infections, and
20% to non-bacteremic microbiologically docu-
mented infections, while the remaining 30–40%
are possible or doubtful infections.3 Amongst
the clinically documented infections, the lower
respiratory tract is the site of infection in about
55%, the upper respiratory tract and skin and
soft tissue contribute approximately 20% each,
whereas the other sites are restricted to 5%.3,4

Patients with an obvious focus of infection
clearly represent a population that is more diffi-
cult to treat than do those without any focus at
all. Infectious death occurs in one-fifth of
episodes with a focus of infection, in compari-
son with less than 5% for episodes without
one.22,27,37 Hence, it is reasonable to assume that
a substantial number of febrile neutropenic
patients might benefit from an individually tai-
lored empiric approach.20,22 Clinical and labora-
tory investigations can help to select the
optimal empiric coverage (see Table 6.2).
Studying the case notes can help to identify the
cause of some fevers as being tissue damage by
cytotoxic agents, the use of pyrogenic drugs,
administration of blood products, or graft-
versus-host disease. The history of a patient
with regard to previous infections might reveal
important information on possible drug allergy
and on the actual infectious complication, since
fever may represent a recrudescence of an
infection acquired during a previous aplastic
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Table 6.2 Important actions when fever
occurs in a neutropenic patient

• History, including details of infections during
previous neutropenic episodes and of
concomitant drugs

• Physical examination, with special attention
to catheter tunnel tract, lungs, perianal
region, skin, and mouth

• Assess the state of the underlying disease
• Perform cultures from blood and clinically

suspicious lesions (in the case of a central
venous line, blood from the line – all lumens
– as well as peripheral blood)

• Check the results of possible surveillance
cultures

• Consider concurrent infections in other
patients in the same ward

• Chest X-ray (and, in case of any suspicion of
an abnormality, computed tomography (CT)
scan)

• Assess kidney function, liver function,
plasma minerals

episode. For bacterial infections, this informa-
tion has, unfortunately, only very limited pre-
dictive value. On the other hand, despite the
common lack of physical signs and symptoms,
a careful physical examination should be per-
formed, paying special attention to vital signs
such as blood pressure, pulse, and respiratory
rate, and to oropharynx, lungs, venous access
devices, perianal areas, and the course of the
temperature during the preceding days.
Imaging techniques should be used when
appropriate. These diagnostic procedures are
important, because different types of infection
are preferentially associated with distinct
causative organisms, and the results may help
to consider an individual adaptation of the
standard empiric scheme.22,38



Skin, soft tissue, abdominal, and catheter-
related infections

The clinical spectrum of catheter-related infec-
tions ranges from asymptomatic bacteremia as
a manifestation of intraluminal colonization or
a process confined to the site of insertion, to
marked inflammation of the tunnel tract and
septicemia with metastatic emboli in the skin
and other organs.12,13 Malfunction of the
catheter, as revealed by the impossibility of
drawing blood from the line, is often the first
sign of an infectious problem. Ecthyma gan-
grenosum with extensive necrosis represents a
characteristic entity in patients with Ps. aerugi-
nosa sepsis, but these cutaneous manifestations
are reported in only 2% of cases.6 Since
pathogens such as Candida spp. and Mucorales
order can cause similar lesions, a needle aspira-
tion or biopsy should be performed to ascertain
a definite and accurate diagnosis as early as
possible in the course of the disease. Mucositis,
gingivitis, and dental-related problems may
occur in up to 85% of patients. Micro-
biologically documented infections are fre-
quent, featuring Candida albicans, viridans
streptococci, enterococci, or anaerobes. Herpes
simplex virus (HSV) may also play a role.
Mixed and polymicrobial infections are more or
less the rule. Given the prevalence of Gram-
positive organisms in these patients, selection
of a regimen with improved anti-streptococcal
activity or early addition of a glycopeptide
appears legitimate. Life-threatening varicella
zoster virus (VZV) infection or chickenpox,
sometimes with visceral dissemination, is a
feared entity among leukemic children.

Dysphagia or odynophagia in hematologic
patients may be due to chemotherapy or gastric
reflux, but esophagitis is of infectious origin in
the majority of cases, HSV, either alone or
together with Candida spp., being the most
likely causative organism. Colitis or typhlitis in
patients with acute leukemia is accompanied by
a combination of profuse diarrhea and severe
abdominal pain with virtually no bowel move-
ments. It may create a very alarming situation,

and since unnecessary surgical interventions
may be detrimental, it is essential for physicians
to be aware of the existence and symptomatol-
ogy of this entity. This syndrome is typically
chemotherapy-induced, but can be the result of
other different etiologic factors.39 Pseudo-
membranous colitis from Clostridium difficile can
be severe and even fatal. Stools should be cul-
tured and tested immediately for the presence
of this microorganism and its toxin if the diag-
nosis is suspected. Relapses are frequent, and
may follow cancer chemotherapy or courses
with antibiotics such as clindamycin.
Disproportional bacterial overgrowth in the
gastrointestinal tract of patients with a dam-
aged mucosa can serve as a source of bac-
teremia by normally exclusively enteric
pathogens such as C. septicum. Considering the
probable involvement of anaerobes, a car-
bapenem and the addition of metronidazole or
vancomycin to a standard empiric regimen are
obvious options when fever is accompanied by
abdominal symptoms. Diagnostic problems are
held accountable for underrating enteric viruses
as causative agents in gastrointestinal infec-
tions. Perirectal cellulitis with painful lesions
without abscess formation caused by Gram-
negative rods, particularly Escherichia coli, with
or without anaerobes and HSV, has become less
common.

Pulmonary infections

Management of pulmonary infiltrates is com-
plex, given that as many as 40% may be of
non-infectious origin.38,40,41 Bacterial infections
account for most of the pulmonary infiltrates
that appear as segmental shadows respecting
the normal anatomic borders of the lung tis-
sue.38 Surveys have shown that response rates
in pneumonia due to Gram-negative bacilli or
S. aureus do not exceed 45%. An ominous find-
ing in a patient with pneumonia is the concomi-
tant presence of polymicrobial bacteremia. The
majority of focal infiltrates are caused by fungi,
in contrast to diffuse abnormalities, which are
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usually not of direct bacterial or fungal origin.
When a new infiltrate appears and progresses
in patients who remain neutropenic, particu-
larly in conjunction with fever and chest pain,
Aspergillus fumigatus should be the leading
diagnostic consideration, with the therapeutic
consequence of early systemic antifungal ther-
apy. Next to the adverse effects of cytotoxic
therapy or irradiation, a number of causative
microorganisms as well as pulmonary hemor-
rhage must be considered in the case of a dif-
fuse infiltrate. Pneumocystis carinii used to be
the leading pathogen, but now pneumonitis
following bacteremia with viridans streptococci
constitutes a more prominent problem.11,42

Partly as a result of diagnostic limitations,
infections with viruses such as respiratory syn-
cytial virus (RSV), influenza, and adenoviruses
seem to be rare. They are often complicated by
either viral pneumonitis or secondary bacterial
pneumonia. RSV presents with rhinorrhea,
nasal congestion, sore throat, and cough. In
most leukemic patients, a clinical course of viral
infections comparable to that in immunocom-
petent adults is seen and this, in combination
with the apparently low incidence, does not
warrant a frontline place in the therapeutic con-
siderations unless the actual symptoms are
particularly prototypical.

Miscellaneous items

Urinary tract infections are rare in the absence
of urinary catheters, and they are virtually all
caused by Gram-negative rods.

Patients who receive potentially nephrotoxic
drugs are the most obvious candidates for
empiric therapy with a single agent.
Conversely, many specialists recommend
coverage with two appropriate antibacterial
agents that do not exhibit cross-resistance for
patients who are known to be colonized by
resistant Gram-negative bacilli. Occurrence of a
shock syndrome often reflects the presence of
Gram-negative rods, streptococci or S. aureus in
the bloodstream; under these circumstances,

aminoglycosides are perceived to be necessary
by some experts, in spite of the increased risk of
nephrotoxicity.

Insidious onset of fever, accompanied by
headache and confusion, is indicative of menin-
gitis in patients with perturbed cellular immu-
nity. The predominant pathogens include L.
monocytogenes, Cryptococcus neoformans and
Toxoplasma gondii. If a patient complains of
seizures and headache, localization of leukemia
or lymphoma, intracerebral cryptococcoma or
cerebral abscesses caused by organisms such as
staphylococci, T. gondii, Nocardia, or mycobacte-
ria have to be considered.

There is increasing evidence showing that
low-risk patients – for example those who are
not very ill, and have unexplained fever and an
increasing granulocyte count – can be treated 
as outpatients with home-administered intra-
venous antimicrobial therapy. Even an oral 
regimen based on a fluoroquinolone or co-
trimoxazole (trimethoprim–sulfamethoxazole)
can prove feasible, provided that there are no
other adverse prognostic factors and that com-
munication between attending physician and
patient is optimal, with easy access to the hos-
pital in case of emergency.43–45 This may also
apply to these patients who have received
chemotherapy for acute leukemia with signs of
incipient bone marrow recovery.

With such variation in prevalent organisms
depending on the clinical presentation, and the
availability of wide scale of broad-spectrum
antibiotics with disparate properties, it is justi-
fied to consider a more individually tailored
empiric approach (see Table 6.3). It is clear that
an individual strategy related to clinical symp-
toms requires the clinician, who is daily attend-
ing the patient, to play a pivotal role.

ANTIBIOTIC MODIFICATIONS EARLY AFTER
THE EMPIRIC PHASE

The basic aim with the use of empiric anti-
biotics in febrile neutropenic patients is to pre-
vent mortality from septicemia due to
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Gram-negative rods and S. aureus during the
first 2–3 days after the onset of fever when the
results of the microbiological investigations are
not yet available.16,17 By the end of the truly
empiric phase, the clinical condition will have
deteriorated in 10% of patients, improved in
25%, and stabilized in 65%.46 An initial response
rate of about 35% may be expected among
patients with shock, compared with 70% among
patients without shock. Since, irrespective of

the initial regimen, a substantial number of
patients will not respond adequately, modifica-
tions are inevitable. For this purpose, a
planned–progressive approach involving modi-
fication of the antimicrobial regimen every 2–3
days according to a predetermined schedule
until the patient becomes afebrile is ill advised,
since it ignores the individual differences
between various febrile neutropenic patients.8 It
can also instill a false sense of security precisely
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Table 6.3 Individually tailored empiric antibiotic therapy

Clinical situation Empiric regimen

Concurrent diseases:
Impaired kidney function Monotherapy with ceftazidime or fourth-generation cephalosporin
Allergy to a given antibiotic Avoid this class of drugs
Heart dysfunction Avoid drugs with high sodium content

Concomitant potentially nephro- Monotherapy with ceftazidime, fourth-generation cephalosporin, 
and ototoxic drugs or meropenem

Colonization by resistant organism Specifically targeted prophylaxis; selection on the basis of
susceptibility

No focus of infection present Monotherapy with ceftazidime, fourth-generation cephalosporin, or
carbapenem

Shock present Consider addition of aminoglycoside
Patient in remission, not ill Consider home antibiotic therapy

Focus of infection present:
Upper respiratory tract Carbapenem/piperacillin–tazobactam
Lower respiratory tract Ceftazidime, fourth-generation cephalosporin or carbapenem;

consider aminoglycoside; early addition of an antifungal agent
Skin and soft tissue Carbapenem/fourth-generation cephalosporin,
(including central venous line) piperacillin–tazobactam, but consider

adding a glycopeptide
Urinary tract Ceftazidime, fourth-generation cephalosporin
Abdominal symptoms Carbapenem



because the regimens chosen offer an increasing
spectrum of activity, encouraging the lamenta-
ble belief that further attempts at diagnosis can
be omitted. In contrast, it is imperative to have
a standardized approach to the microbiological
evaluation of the neutropenic patient with
fever. Blood, sputum, and urine for bacterial
and fungal cultures should be collected at the
onset of fever and at regular intervals in the
persistently febrile patient. If a central venous
line is present, an extra blood specimen should
be taken from each lumen of the catheter. While
lysis centrifugation may be too expensive for
use on all blood cultures, this technique pro-
duces superior results in detecting fungi in
patients at risk. For patients with suspected
wound or soft tissue infections, it is always
preferable to obtain tissue samples. As this fre-
quently proves unrealistic, swab samples of
aspirates may be collected and transported
immediately to the laboratory. Technical per-
sonnel should be instructed not to discard spu-
tum samples on the basis of low numbers of
leukocytes. The value of serodiagnosis for viral
infections in the acutely ill patient is seriously
restricted by the lag time between the infection
and the immunologic response. Since informa-
tion on this issue may become important later
during the course of the disease, samples
should be taken and stored.

A retrospective survey of 1951 cases showed
that in patients with a lower respiratory tract
infection, the modification rate was 69% whilst
adjustments were deemed necessary in 51% of
cases with a skin and soft tissue infection, in
44% of the febrile episodes accompanied by
abdominal complaints, and in 37% of the upper
respiratory tract infections.47,48 The selection of
additional antibiotics, if necessary, can be
guided by clinical circumstances. Such an
approach is validated by the fact that various
categories of infection, as mentioned previ-
ously, are associated with different causative
organisms.22,37,38 This strategy, which puts a
greater emphasis on diagnosis than empiric
interventions, requires daily meticulous assess-
ment of each case, but drugs that are potentially

toxic can be added with more confidence once a
positive diagnosis has been made.

Pulmonary infections, either as the primary
focus or as a complication of septicemia, pre-
sent a dismal prospect, and have been held
responsible for 70% of all fatal infections after
cytotoxic therapy.38,40,41 Typically, chest radio-
graphs performed early in the evolution of
infection fail to show infiltrates; it may take
more than 3 days for the infection to generate
enough damage or for the few remaining gran-
ulocytes to concentrate around the infectious
nidus to permit recognition on a radiograph.
The critical decision faced by the clinician at the
bedside of patients with pulmonary infiltrates
is whether or not to perform invasive proce-
dures such as bronchoscopy with or without
bronchoalveolar lavage, transbronchial biopsy,
transthoracic aspiration, or open lung biopsy.
The value of these diagnostic approaches for
the optimal management of patients remains
controversial, because the yield depends on the
collaboration and skill of various specialists.
Besides, concurrent thrombocytopenia con-
strains invasive diagnostic interventions in
most patients.

Coagulase-negative staphylococci and Coryne-
bacterium jeikeium have to be isolated from
at least two sets of blood cultures to be
considered clinically significant, but single
blood cultures that are positive for S. aureus,
Streptococcus pneumoniae, or Enterococcus faecalis
should be regarded significant. Although viri-
dans streptococci are common blood contami-
nants in the general population, positive blood
cultures in patients with oromucositis should
not be disregarded, certainly not when
Streptococcus mitis is isolated.10,11 These strepto-
cocci can cause life-threatening infections in
about 10% of cases, including septic shock and
pneumonitis with an adult respiratory distress
syndrome, with a mortality of around 60%
despite aggressive antibiotic therapy – particu-
larly if chemotherapy involved the use of high-
dose cytarabine. These so-called ‘alpha-strep
syndromes’ are almost certainly multifactorial
in origin, and the streptococcal infection prob-
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ably triggers off a sepsis syndrome when there
is pre-existing tissue damage and alteration in
the systemic or local immunity. Therefore, a
combination of specific antibacterials with corti-
costeroids, rather than merely additional antibi-
otics, should be considered to manage patients
affected by this complication.42 Most catheter-
related uncomplicated Gram-positive bac-
teremias can be easily eradicated by a
glycopeptide-containing regimen but one
should be prepared for relapses. In patients
with insertion-site infections, tunnel infections,
and septic emboli, removal of the line is
virtually inevitable in the vast majority of cases.
It is also advisable to remove the catheter in
patients with atypical mycobacterial infections,
fungemias, and bacteremias due to pathogens
causing rapidly fatal infections. Infections with
Clostridium spp. certainly require the addition
of drugs such as penicillin G and vancomycin
to amplify the antibiotic cover. If double- or
triple-lumen catheters are being used, the
antimicrobial therapy must be delivered in
rotation to each of the lumen ports.

Persisting fever without any sign of clinical
deterioration is a very questionable indicator of
infection. It is generally contended that clini-
cally or microbiologically defined infections
cannot be expected to respond to therapy
within 72 hours. Indeed, it has been demonstra-
ted that more than half of the patients who are
still febrile after 3 days of antibiotic therapy will
defervesce without any alteration of the anti-
biotic regimen.28,34 It is therefore remarkable
that, particularly in cases where cultures fail to
yield a pathogen, the temptation to escalate
therapy by adding more drugs appears almost
irresistible without there being any evidence of
clinical deterioration, persistence of a pathogen,
or development of a new site of infection.47

Besides, if fever persists for 72 hours after ade-
quate broad-spectrum antibacterial treatment in
patients without any clinical or laboratory evid-
ence of bacterial infection, the increased tem-
perature is unlikely to be of bacterial origin. As
far as possible, the number of changes to ther-
apy should be kept to a minimum, because,
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Table 6.4 Reasons for modifying an empiric
regimen

• Deterioration of vital signs, such as blood
pressure and ventilation

• Development of a new clinical focus without
clinical improvement

• Progression of an existing clinical focus
during persisting neutropenia

• Persistence of a causative pathogen in
cultures taken during therapy

• In vitro resistant pathogen in the initial
culture in the absence of clinical
improvement

• Isolation of a new pathogen during therapy
• Occurrence of a new fever spike
• Unexplained fever for more than 5 days
• Adverse event attributable to an antibiotic of

the empiric regimen
• Typical symptoms in conjunction with a

known local epidemic with unusual
microorganisms, such as Legionella
pneumophilia

rather than improving outcome, the liberal use
of antibiotics actually enhances the risk of
organ toxicity and the development of resis-
tance, and generates excessive costs.47,49

Modifications ought to be based on firm
grounds, such as deterioration of vital signs,
isolation of a relevant pathogen resistant to the
antibiotics given, an antibiotic-related adverse
event, or the occurrence of a new focus of
infection or progression of an existing focus
(Table 6.4).

When results from blood cultures taken
before initiation of empiric therapy become
available, changes should be considered accord-
ing to the susceptibility pattern of the offending
pathogen. Decisions should be guided by the



evolving clinical condition of the patient. It has
to be underscored that as long as the patient
remains febrile and neutropenic, antimicrobial
cover should never be restricted to antibiotics
that are active only against Gram-positive
pathogens to avoid rapidly fatal breakthrough
Gram-negative bacteremia.

Second infections emerge proportionally to
the duration of granulocytopenia, and further
febrile episodes may occur in one-fifth of
patients with neutropenia lasting more than 28
days and in more than half of cases with neu-
tropenia exceeding 4 weeks. Next to prosthetic-
device-associated infections, these secondary
febrile events mainly involve pulmonary infil-
trates. Although bacteria account for more than
90% of culture-documented infections, invasive
fungi have become prominent pathogens,
particularly in patients who have protracted
periods of neutropenia.50 Consequently, empiric
antifungal therapy is considered a mandatory
modification whenever unexplained fever per-
sists for more than 4 or 5 days or when a typical
pulmonary infiltrate occurs.

There are no objective arguments against the
current American and European guidelines for
the use of hematopoietic growth factors as an
adjunct to antimicrobial therapy in febrile neu-
tropenic.51,52 However, it is widely assumed that
stimulation of granulopoiesis is beneficial in
conditions where a long delay in marrow recov-
ery is potentially disastrous. This pertains to
pneumonias, severe cellulitis, and invasive fun-
gal infections.

Discontinuation of antimicrobial therapy is
recommended if granulocyte recovery ensues.
Alternatively, if the persistently neutropenic
patient has no complaints, and exhibits no clini-
cal, radiological, or laboratory evidence of infec-
tion, stopping antibiotic therapy or a change to
orally administered antibacterials should be
considered after four days without symptoms.
Any new fever or episode of clinical deteriora-
tion should prompt a recommencement of
antimicrobial therapy, since infection may have
only been suppressed, not eradicated.
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7
Evaluation and management of fever in the
neutropenic hematopoietic stem cell
transplant patient
James C Wade

INTRODUCTION

Current estimates of the numbers of stem cell
transplants performed each year range from
20 000 to 40 000, and continue to increase.
Indications for transplantation now include
malignant, non-malignant, and congenital dis-
eases. The development of non-myeloablative
approaches for allogeneic transplantation have
expanded the ability to test transplantation as
therapy for common solid tumors (e.g. renal,
melanoma, prostate, breast, cervical, etc.), and
to offer transplantation to individuals who
because of age or major organ dysfunction were
otherwise not candidates for a conventional
transplant.1,2 The sources of stem cells for trans-
plantation include bone marrow, mobilized
peripheral blood, cord blood, and fetal liver,
which can be obtained from autologous or
related and unrelated allogeneic sources.
Marrow transplantation is now more appropri-
ately referred to as hematopoietic stem cell
transplantation (HSCT).

Increased susceptibility to infection remains
a major obstacle and cause of mortality for
patients undergoing HSCT.3,4 The past decade
has led to a better understanding of the patho-
genesis of infection syndromes, the develop-
ment of new diagnostic techniques, the
introduction of new, more effective antimicro-

bials, and the adoption of empiric or pre-
emptive therapy strategies have enhanced
patient survival. However, the problem of
infection for HSCT recipients remains a
dynamic one, with shifts in the patterns of iso-
lated pathogens, changes in the antimicrobial
susceptibility of pathogens, introduction of new
transplant conditioning regimens, and the
increasing use of alternative donors. The inci-
dence of infection-related death within the first
30 days after transplant ranges from 5% to 10%,
but the susceptibility to infection for some
patients may persist for months and years after
HSCT.4,5

There is a characteristic pattern of immuno-
deficiency and immune reconstitution that
accompanies an HSCT.5 Four periods are now
recognized:

1. Pretransplant, corresponding to the period
of infection risk just prior to transplanta-
tion. This risk is secondary to the patient’s
previous therapy and underlying disease.

2. Pre-engraftment, corresponding to the weeks
prior to marrow engraftment. This is the
period of greatest risk for patients who
receive an autologous graft, but is only the
first risk period for allogeneic HSCT recipi-
ents.5–7

3. Mid-recovery, corresponding to the period



from engraftment to approximately day 100
post-engraftment.

4. Late recovery, corresponding to the time
interval beyond 3 months after transplant.

Pretransplant

This is a critical period for all HSCT recipients.
The increase in intensity of therapy given prior
to transplantation makes the presence of sub-
clinical vascular access device infection, occult
hepatosplenic candidiasis, or subclinical inva-
sive sinus or pulmonary fungal infections more
common. Effective pretransplant treatment and
post-transplant infection suppression is depen-
dent on the identification of such infections
before the conditioning therapy is started. This
is also the time in which the presence of impor-
tant latent herpes group viruses, or active
hepatitis virus should be detected through sero-
logic evaluations.

Pre-engraftment

This risk period begins with the onset of the
conditioning regimen, and continues until
approximately day 30 after transplantation.
Neutropenia is the primary predisposing factor,
but the absence of neutrophils and other phago-
cytes is usually accompanied by alimentary
tract mucositis, the presence of central venous
catheters, and microbial flora shifts.6,7 HSCT
recipients are compromised by the ability of
their endogenous flora to invade through dis-
rupted mucosal and cutaneous barriers and
cause systemic bacterial and fungal infections.8,9

These risks are further increased in patients
with delayed engraftment after transplantation.

Mid-recovery

This period begins with engraftment, and con-
tinues until approximately day 100, when early
B- and T-cell function begins to recover. This

period is characterized by the reappearance of
neutrophil function, and therefore infections
associated with neutropenia are uncommon
unless the marrow function remains fragile,
due to graft rejection, disease relapse, marrow-
suppressing factors such as medications
(e.g. ganciclovir), or viral infection (e.g.
cytomegalovirus (CMV) human herpesvirus-6
(HHV-6), or HHV-8).10–12 Cellular immune dys-
function is the primary immune defect during
this period. Late-onset aspergillosis occurs dur-
ing this period, and affects 10–15% of allogeneic
transplant recipients.13

Late-recovery

This post-transplant infection risk period begins
with the 4th month after transplant, and con-
tinues until the patient has successfully been
tapered off of all immunosuppression and is
free of chronic graft-versus-host disease
(GVHD). Persistent cellular and humoral
immune dysfunction may lead to recurrent
viral, bacterial, and fungal infections.14–17

The late-recovery period is also the time of
greatest risk of relapse of the patient’s primary
disease. Relapse is often associated with the
rapid onset of marrow failure and resultant
neutropenia. Management of these patients is
particularly complicated, because of the refrac-
tory nature of their primary disease, and the
accompanying GVHD that may have been pre-
sent prior to relapse or is induced as a mechan-
ism to enhance primary disease control.18,19

EVALUATION, PREVENTION, AND
MANAGEMENT OF INFECTION

This chapter will focus on the infections in
HSCT recipients that occur primarily during
periods of neutropenia. Many of the evaluation
and management principles for patients with
fever and neutropenia are applicable to HSCT
recipients.6,7 Consequently, this chapter will
review evaluation and management approaches
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in general, and discuss in greater depth those
issues that are unique to HSCT recipients.

Neutropenia is primarily a consequence of
the transplant-conditioning regimen or pre-
transplant marrow failure state induced by the
patient’s primary disease. Fever and neutrope-
nia are most common during the pretransplant
and pre-engraftment period, although neutrope-
nia may occur later as a consequence of infec-
tion (e.g. CMV, HHV-6, HHV-8, or parvovirus
B19), medication toxicity (e.g. ganciclovir), graft
rejection, or post-transplant relapse of the pri-
mary illness. The risk of neutropenia-associated
infection for HSCT patients is enhanced by the
presence of mucosal or integumentary barrier
disruption induced by cytotoxic chemotherapy,
irradiation, GVHD or the presence of long-term
indwelling vascular access devices. Medication-
induced central nervous system dysfunction,
and the microbial floral shifts that accompany
severe illness or the administration of antibiotics
also enhance the infection risk.4,5,8,9

The primary sources of pathogens for neu-
tropenic HSCT recipients are their endogenous
bacterial and fungal flora, airborne molds and
respiratory viruses, microorganisms on the
hands of healthcare providers, and latent
viruses. Sites of infection for HSCT patients are
similar to those for other neutropenic hosts.
Infections originate primarily from the alimen-
tary tract (i.e. mouth, pharynx, esophagus, large
and small bowel, and rectum), sinuses, lungs,
and skin.6,7 Most febrile episodes that occur
during the pre-engraftment period are infec-
tious in origin.6,20,21 Bacterial infections account
for more than 90% of the first infection during
neutropenia. Herpes simplex virus (HSV) and
the respiratory viruses (e.g. influenza A and B,
parainfluenza, and respiratory syncytial virus
(RSV)) are also identified as first-infection
pathogens22 (Table 7.1). Antibiotic-resistant bac-
teria, yeast, molds, and viruses are common
causes of subsequent infections.23 The initial
bacterial pathogens for HSCT recipients are
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Table 7.1 Infectious syndromes after HSCT pre-engraftment period

Syndrome Relative Relative life-
frequencya threatening

potentiala

First fever:
Staphylococci 3� 1�

Viridans streptococci 1� 2�

Gram-negative bacilli 1� 3�

Respiratory virus 1� 3�

Subsequent infection:
Antibiotic-resistant bacteria 2�

Gram-positive cocci 1�

Gram-negative bacilli 2–3�

Fungi 2–3� 3–4�

Respiratory virus 1� 3�

a Frequency and life-threatening potential increase from 1 to 4�.



usually Gram-positive cocci.24 Of these, coagu-
lase-negative staphylococci, streptococci, and
enterococci predominate, but infections with
Staphylococcus aureus and Corynebacteria jeikeium
remain important.25–29 Despite the perceived
decreased virulence of many of these Gram-
positive pathogens, there is attributable mortal-
ity ascribed to such infections. Wenzel and
co-workers30–32 reported that attributable mor-
tality for coagulase-negative staphylococcal
bloodstream infections was 13.6% (95% confi-
dence interval (CI) 4.2–22.9%) and 37.1% (95%
CI 10–64%) for bloodstream infections caused
by vancomycin-resistant enterococci (VRE). A
recent report from the Mayo clinic noted that
colonization with VRE increased the risk of
developing a VRE bloodstream infection, and
was also associated with an increased risk of
death post-transplant for allogeneic transplant
recipients.33 Several large series have reported
rates of bloodstream infection with viridans
streptococci of 15–25% among HSCT
recipients.26–28 Approximately 10% of viridans
streptococcal infections are associated with a
‘toxic-shock’-like syndrome that can be rapidly
fatal even with the institution of appropriate
antibiotics. Thus, while empiric therapy
directed at such pathogens may not always be
required, appropriate pathogen-directed ther-
apy is mandatory when such organisms are iso-
lated.

Gram-negative bacteria are the most virulent
bacterial pathogens during the neutropenic
period, and historically have been responsible
for the highest rates of morbidity and
mortality.6,7 The common Gram-negative bacilli
remain Escherichia coli, Klebsiella spp. and
Pseudomonas aeruginosa. The increased use of
broad-spectrum cephalosporins and the car-
bapenem antibiotics has increased the fre-
quency of isolation of �-lactam resistant
Enterobacter spp. and Stenotrophomonas mal-
tophilia.34–36

Increasing resistance to multiple antibiotics
among many of these pathogens poses a
significant problem in planning empiric treat-
ment for HSCT patients. It is critical to be aware

of each institution’s specific antibiotic suscepti-
bility patterns and to remember that pathogens
and antibiotic susceptibility patterns are a
dynamic process and change over time.
Antibiotic resistance remains most prominent
among the Gram-positive pathogens, specifi-
cally the coagulase-negative staphylococci.
Transplant recipients at the Fred Hutchinson
Cancer Research Center (FHCRC) in the calen-
dar year 1999 experienced 374 bloodstream
infections, for a rate of 0.718 bloodstream infec-
tions/100 patient days (Table 7.2). Of these
infections 359 were caused by a single
pathogen, 63% occurred during the pre-
engraftment period and more than half were
caused by coagulase-negative staphylococci.
The antibiotic resistance pattern for selected
coagulase-negative staphylococci and viridans
streptococci show a high level of resistance to
standard �-lactam antibiotics. However, despite
the almost exclusive referral nature of the
FHCRC patient population, the incidence of
bloodstream infections due to antibiotic-
resistant S. aureus and VRE remains low.

The pathogens responsible for the subsequent
or second infections include antibiotic-resistant
bacteria, fungal pathogens, and viruses.
Wingard et al23 have reported that Staphylococcus
epidermidis is responsible for 50% of the second
or subsequent infections. Gram-negative bacilli
are responsible for an additional 10%, with the
majority of remaining pathogens being predom-
inately fungal. These infections, with the excep-
tion of coagulase-negative staphylococci, are
difficult to diagnose, more resistant to treat-
ment, and associated with the highest rates of
morbidity and mortality.13,37–39

EVALUATION AND MANAGEMENT OF
NEUTROPENIA-ASSOCIATED INFECTIONS

There are several clinical guidelines for the pre-
vention and empiric treatment of infection in
the neutropenic host: the National Cancer
Comprehensive Network (NCCN) Clinical
Guidelines for Fever and Neutropenia; the
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Infectious Diseases Society of America (IDSA);
and www.cancernetwork.com; www.cdc.gov.20,21

There is also a diversity of infection manage-
ment practices among the different transplant
centers. However, effective care for HSCT
recipients relies on a coordinated approach that
utilizes center-wide infection control, infection
prevention, and a combination of empiric and
pre-emptive therapy. Transplant centers must
customize their practices based on their own
patient population, cytotoxic regimens used,
and local infection and susceptibility patterns.

Infection control

The single most powerful preventive measure
for the neutropenic HSCT patient is handwash-
ing performed by the healthcare staff and other
individuals who come into contact with these
patients. Handwashing, while effective, con-
tinues to be difficult to implement and a chal-
lenge to maintain compliance. Hand soap that

contains chlorhexidine adds residual antimicro-
bial effect to the mechanical cleansing that
occurs with the physical washing. Gloves, if
used, should be put on only after entering a
patient’s room and the handwashing has been
completed. Gloves should be removed prior to
leaving the patient’s room, and should never be
utilized for more than one patient contact.
Antimicrobial hand rubs can be used if soap,
water, and sinks are not easily accessible. The
new alcohol-containing waterless products
appear to be well tolerated and effective
adjuncts to recurrent handwashing. Keeping
staff and patient visitors who have respiratory
symptoms (e.g. uncontrolled cough and respi-
ratory secretions, conjunctivitis, or systemic
symptoms) from having contact with patients
may decrease the risk of patients acquiring a
potentially serious respiratory viral infection.
Annual vaccination of healthcare workers
against viral influenza is also important.

HSCT patients are no longer routinely cared
for during the pre-engraftment period in total
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Table 7.2 Bacterial bloodstream isolates, FHCRC 1999

Single-organism bloodstream infections
Total 359

Coagulase-negative staphylococci 193
Enterococci 41

E. faecalis 22
E. faecium 11
VREa 8

Streptococcus spp. 52
Staphylococcus aureus 13

MRSAb 2
Gram-negative bacilli 33
Non-tuberculosis Mycobacteria 8
Other 19

a Vancomycin-resistant enterococci.
b Methicillin-resistant S. aureus.



sterile environments (laminar-airflow (LAF)
units). This change in practice does not suggest
that measures to decrease the exposure of
patients to potential pathogens are not benefi-
cial, but rather that less intrusive infection con-
trol measures can be implemented and still
accomplish the outcome goals. HSCT patients
should only be hospitalized in single-bed
rooms, and care should be delivered by a
healthcare team that is familiar with transplant
procedures and understands the importance of
minimizing the nosocomial transmission of
potential pathogens.40 Inpatient and preferably
outpatient clinics or day-hospital facilities
should be ventilated with air that has been
cleansed by high-efficiency air (HEPA) filters.
Patient areas should also include a ventilation
system that can deliver at least 15 air exchanges
per hour. This level of clean-air ventilation is
recommended with the intent of decreasing the
incidence of mold and other airborne infections
for HSCT patients. However, the protection
with these measures is not complete. Increased
proportions of the pre-engraftment period may
occur outside of these ‘clean’ environments,
and, even when hospitalized, HSCT recipients
spend time away from the transplant unit while
undergoing imaging or endoscopic procedures.

Barrier isolation has been relegated to those
situations where one is attempting to minimize
the spread by contact of potential pathogens.
Isolation of patients known to be colonized or
infected with a pathogen that is multiply
antibiotic-resistant, or is known to have an
increased propensity for nosocomial transmis-
sion (i.e. respiratory viruses), appears to be
important.22,41

The presence of subclinical, or latent, infec-
tion must be determined prior to the initiation
of the transplant-conditioning regimen. Some
patients may be actively infected when they are
referred for HSCT, and these infections may
have a direct effect on the patient’s outcome.
The patient’s history of infections during prior
treatment may reveal important information
regarding risks of infection that may occur dur-
ing future periods of neutropenia. An infected

HSCT candidate should not be excluded from
transplantation unless the infection cannot be
adequately controlled pretransplant and mea-
sures to maintain infection control during the
post-transplantation period are unavailable. A
prior history of either invasive mold (e.g. asper-
gillosis) or disseminated candidiasis (e.g.
hepatosplenic candidiasis) often raises concerns
about the patient’s suitability for transplanta-
tion. A retrospective review conducted at the
FHCRC reported 15 patients with documented
hepatosplenic candidiasis pretransplant.42 All
patients had been treated with amphotericin B
therapy before transplantation, and all had
improvement in their infection documented by
computed tomography (CT) scans before the
transplant-conditioning therapy was initiated.
These patients had no appreciable increased
risk of recurrent yeast bloodstream infection
after transplantation. Bjerke et al42 concluded
that a history of disseminated candidiasis was
not an absolute contraindication to transplanta-
tion.

Transplantation for patients with a previ-
ously documented invasive mold infection has
been more difficult. Offner et al43 reported 48
patients who underwent HSCT with a pretrans-
plant history of documented or presumed
aspergillosis. Of these 48 patients, 11 received
an autologous HSCT. One-third of these
patients experienced a documented recurrence
of aspergillosis post-transplant, with recurrent
aspergillosis having an 88% mortality rate. The
authors noted a trend toward a lower incidence
of recurrent infection and improved survival
for patients with a longer interval between the
development of invasive aspergillosis and
transplantation. Patients who received pre-
emptive antifungal therapy or underwent an
autologous transplant also had a lower fre-
quency of recurrent infection. Surgical resection
of disease pretransplantation provided no sur-
vival advantage for these patients.

The unpublished experience at the FHCRC
for patients with a prior history of aspergillosis
is equally discouraging. We have transplanted
34 such patients with conventional allogeneic
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transplantation. All patients had been exten-
sively treated with amphotericin B (>8 weeks),
and prior to transplantation had shown clinical
and radiological improvement or resolution of
their infection. All received amphotericin B
during the period of maximum immunosup-
pression. Of the 34 patients, 15 experienced a
recurrent aspergillus infection post-transplant,
and 12 others died from transplant-related mor-
tality without a documented mold recurrence.
Of the 6 patients who survived, 5 had an inter-
val between diagnosis of aspergillosis and
transplantation of at least 9 months (range 9
months–3.5 years). Recurrent aspergillosis was
uniformly fatal. While some patients with a
previous history of aspergillosis may be candi-
dates for autologous transplantation, allogeneic
transplantation is associated with a high inci-
dence of recurrent infection and mortality
despite pre-emptive antifungal therapy.

PREVENTION OF INFECTION

Bacterial

Antibacterial prophylaxis for patients with neu-
tropenia remains controversial. Data support-
ing the effectiveness of chemoprophylaxis with
antibiotic(s) are balanced by a similar number
of reports that fail to show true efficacy. A
meta-analysis of 19 randomized trials of fluoro-
quinolone prophylaxis in patients with neu-
tropenia revealed a decrease in the number of
documented Gram-negative bacillary infec-
tions, but no effect on the frequency of febrile
episodes, febrile morbidity, or infection-
associated mortality.44 Many of these trials have
shown an increase in Gram-positive infections
among patients who received fluoroquinolones
or trimethoprim/sulfamethoxazole prophy-
laxis. The use of prophylactic antibiotics has
also been reported to increase the risk of subse-
quent or secondary fungal infections.21 Few of
these prophylactic trials have been performed
exclusively in HSCT recipients, but this pro-
phylactic approach has nonetheless been used

liberally for HSCT recipients. Patients trans-
planted at the FHCRC are routinely given pro-
phylactic, systemic antibacterial antibiotics
when their neutrophil count decreases below
500/µl. This practice is based on a previously
published study that compared the pre-emptive
use of broad-spectrum antibiotics during the
pre-engraftment period versus LAF unit isola-
tion.40 Infection morbidity and patient survival
were similar for both groups.  The pre-emptive
antibiotic regimen used at the FHCRC has
evolved over time, but presently consists of oral
ciprofloxacin or intravenous ceftazidime.
Whether pre-emptive antibiotic therapy truly
increases patient survival if compared with
withholding antibiotic treatment until the first
sign of infection (fever) has not been tested.

Fungal

The incidence of fungal infections has increased
among HSCT recipients during the last decade.
Centers now report an incidence that varies
between 10% and 20%.4,5,13,37–39 Diagnosis and
treatment remain suboptimal, and preventing
exposure or blocking colonization with these
pathogens is difficult. Candida colonization is
present in as many as 80% of HSCT recipients
pretransplantation, and persists throughout the
first three months after transplantation unless
patients receive azole suppression.38 When the
fungal pathogen originates from the environ-
ment, the protection provided by measures
such as sterile environments and HEPA filtra-
tion are limited to the time period when
patients are being cared for in these clean facili-
ties. The true incidence of colonization with
Aspergillus among HSCT recipients is unknown,
but Wald et al13 in their study of 2496 consecu-
tive HSCT patients reported that 2% of such
patients became colonized at some time post
transplant. However, only 21% of patients who
ultimately developed invasive aspergillosis had
documented preinfection colonization. Yet,
when Aspergillus colonization was detected, it
was associated with a 60% positive predictive
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value for the development of invasive
aspergillosis. The positive predictive value
increased to 94% if the HSCT patient was neu-
tropenic.13

The use of masks by patients or healthcare
workers has not consistently affected the inci-
dence of fungal infections. This lack of efficacy
may be in part due to poor patient tolerance, or
the fact that the masks do not fit tightly enough
to be an effective barrier against fungal spores.
The use of aerosolized or intravenous ampho-
tericin B has provided inconsistent prevention
results.45–50 The study by Perfect et al,48 which
tested low-dose intravenous amphotericin B
prophylaxis, reported a similar incidence of
invasive fungal infection for both the treatment
and placebo groups (8.8% versus 14.3%, respec-
tively). The potential efficacy of prophylaxis
with lipid formulations of amphotericin B was
also tested by Tollemar et al.49 They reported
that this therapy decreased fungal colonization
but provided no mortality benefit. The need for
intravenous administration and the potential
toxicity and cost of the lipid formulations of
amphotericin B makes them poorly suited for
prophylaxis. Itraconazole is potentially useful
for the prevention of a variety of fungal infec-
tions, including aspergillosis, but its efficacy as
prophylaxis in HSCT patients has not been
proven. Itraconazole has been difficult to
administer to HSCT recipients because of
erratic absorption, numerous drug–drug inter-
actions (e.g. with cyclosporine and tacrolimus),
and medication-associated gastrointestinal
intolerance. Concomitant administration of
cyclosporine and itraconazole causes altered
cyclosporine metabolism, and results in the
need to decrease the daily cyclosporine dosage
by 20–50% (J Wingard, personal communica-
tion, 2000). The availability of a new oral
cyclodextran–itraconazole formulation, plus an
intravenous itraconazole preparation, may
make this drug more efficacious.

Fluconazole has been shown to be highly
effective for preventing Candida albicans infec-
tion among allogeneic HSCT recipients.51,52 A
dose of 400 mg daily, given from the time of

conditioning therapy to day 75 after transplant,
significantly reduced superficial infection and
invasive disease and decreased the use of
amphotericin B. In the trial reported by Slavin
et al,5 fluconazole not only decreased the inci-
dence of C. albicans infections but also
improved patient survival. Long-term follow-
up of this study cohort has recently been
reported by Marr et al.52 After 8 years of follow-
up, survival remains significantly better for flu-
conazole recipients (68/152 versus 41/148,
respectively), and the incidence of invasive can-
didiasis and death due to candidiasis remain
lower for fluconazole recipients. Patients
treated with fluconazole also had a lower inci-
dence of severe gut GVHD and death from
GHVD complications.

The benefit of fluconazole for autologous
HSCT patients remains controversial.4 These
patients appear to have a risk of developing
candidiasis that is similar to that of patients
with acute leukemia who undergo induction
or reinduction therapy. Fluconazole has not
been shown to provide a consistent benefit for
such patients.53 In general, fluconazole prophy-
laxis is probably not necessary for patients
receiving an autologous transplant unless the
conditioning regimen is expected to cause
severe mucositis.

Viral

Viral infections that occur during the early post-
transplant period include respiratory virus (e.g.
RSV, parainfluenza, adenovirus, and influenza)
and HSV. Early post-transplant CMV infection
and disease do occur, but infrequently.54

Infection control measures are critical for the
prevention of respiratory virus infections. This
may even require delaying patients’ transplan-
tation, if their underlying disease is stable and
the incidence of such viral infections are epi-
demic in the surrounding community or exces-
sive among the transplant center’s healthcare
team. When HSCT patients, primary caregivers,
or family members are exposed to influenza,
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prompt prophylaxis with zanamivir aerosol,
10 mg by inhalation daily, or oral oseltamivir,
75 mg orally twice daily, should be considered.

The use of acyclovir (5 mg/kg intravenously
twice daily or 400–800 mg orally twice daily),
famciclovir 500 mg twice daily, or valacyclovir
500 mg twice daily have all been shown to be
highly effective in the prevention of HSV infec-
tions.4,5,55 Suppression of HSV during the pre-
engraftment period may decrease the mucosal
disruption cause by this viral recurrence, and,
as reported by Baglin et al,56 the management of
HSV infections can minimize the duration and
frequency of febrile episodes.

ADJUNCTIVE MEASURES

Peripheral blood stem cells

The transition from bone marrow to growth-
factor-mobilized peripheral blood stem cells
(PBSC) as the hematopoietic stem cell product
has been an important improvement. The use of
PBSC has become standard practice for most
autologous transplants. A randomized trial
conducted by Weaver et al57 reported that the
infusion of at least 5 � 106 CD34� stem cells
resulted in a median duration of post-
transplant neutropenia (<500 polymorphonu-
clear leukocytes (PMN)/µl) of 11 days. This
shortened period of neutropenia may poten-
tially decrease a patient’s risk of neutropenia-
associated infection. However, the Seattle
group has reported that when autologous PBSC
products are preferentially selected for CD34�

cells, immune reconstitution is delayed.58,59 This
delay has resulted in an increased incidence of
CMV disease, varicella zoster virus (VZV) reac-
tivation, and invasive bacterial, Candida, or
severe respiratory viral infections.

The observation that PBSC speeds engraft-
ment among autologous HSCT recipients led to
the testing of such an approach for HSCT recip-
ients who were to receive matched related
donor transplants.60–62 Bensinger et al61 reported
that the use of allogeneic PBSC decreases the

duration of neutropenia (<500 PMN/µl) from a
median of 21 days with bone marrow to 16
days with PBSC. This decrease in the duration
of neutropenia was not associated with a statis-
tically significant decrease in the incidence of
fever or death from infection, but death from
the idiopathic pneumonia syndrome was
decreased. Most importantly, PBSC recipients
had improved disease-free and overall survival.
These results are consistent with other
reports.60,62 The retrospective International Bone
Marrow Transplant Registry (IBMTR) review
suggested that PBSC resulted in a decrease in
duration of neutropenia and shorter hospital
stays.60 The appropriate dose for an allogeneic
PBSC is unclear, but engraftment is enhanced
with a dose of at least 5 � 106 CD34� cells/kg.
The incidence of acute GHVD appears to be
similar for both bone marrow and PBSC, but
the incidence of chronic GHVD increases when
the cell dose exceeds 8 � 106 CD34� cells/kg.61

Chronic GVHD occurring among PBSC recipi-
ents may also be more severe and difficult to
treat.63 The finding of an increase in treatment-
refractory chronic GVHD does not have a direct
impact on the pre-engraftment period, but clini-
cians must be cautious when techniques such as
PBSC minimize the immunosuppression (neu-
tropenia) of one post-transplant period (pre-
engraftment), but potentially increase the
infection risk for a later period (late recovery).

Growth factors

The American Society of Clinical Oncology
(ASCO) has recently updated their guidelines
for the use of growth factors.64 Granulocyte
and granulocyte–macrophage colony-stimulating
factors (G-CSF and GM-CSF) have consistently
been shown to hasten hematopoietic cell recov-
ery, but this increase in neutrophil recovery has
not translated into a consistent decrease in
neutropenia-associated infections or improve-
ment in survival.64,65 The ASCO guidelines now
recommend limited ‘primary neutropenia pro-
phylaxis’, and the standard practice at the
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FHCRC is only to use them in cases of delayed
engraftment (<500 PMN/µl) persisting beyond
day 21 after transplantation.

Granulocyte transfusions

The primary immune defect during the pre-
engraftment period is the absence of neu-
trophils. Early trials showed benefit for
Gram-negative bacillary infections when donor
granulocytes were transfused.66,67 However, the
routine use of transfused granulocytes has been
compromised by the inability to collect ade-
quate numbers, and these transfusions were
often complicated by acute infusion reactions,
an increased risk of alloimmunization, and the
potential transmission of CMV infection from
the donor to the transplant recipient.68 There
has recently been a resurgence of interest in
granulocyte transfusions with the observation69

that donor priming using growth factors and
corticosteroids can increase the granulocyte
yield to (8–10) � 1010. This dose of infused gran-
ulocytes can result in the transfusion recipient
having a 1 hour post-transfusion white blood
cell count of (2.6 � 2.6) � 103 PMN/µl. Growth-
factor-mobilized granulocyte transfusions to
date have been tested primarily among HSCT
patients with severe antibiotic-resistant fungal
or bacterial infections.70 While the efficacy of
this approach has not yet been established, the
Seattle group has shown that this type of trans-
fusion can be effectively accomplished using a
related or an unrelated community donor.71

Adkins et al72 have published results from the
only prophylactic G-CSF-mobilized granulocyte
trial in HSCT recipients. Patients received four
transfusions on days 2, 4, 6 and 8 after autolo-
gous transplantation. Leukocyte compatibility
of donor and recipient was determined by
screening for lymphocytoxicity against a panel
of HLA-identified cells. All recipients received
G-CSF-mobilized granulocytes from a single
donor. Leukocyte incompatibility adversely
affected the recipients’ neutrophil increments
after transfusion, and resulted in a delay in

neutrophil engraftment, and increased the
number of days of fever, platelet transfusions,
and intravenous antibiotics. While the number
of granulocytes that can be collected has been
increased with growth-factor mobilization, the
clinical benefit of such a prophylactic or thera-
peutic approach has not yet been demonstrated.

EVALUATION AND TREATMENT OF
INFECTION

Most episodes of fever during periods of neu-
tropenia are infectious in origin. These infec-
tions have the potential to be rapidly fatal if not
empirically treated.9 First infections are most
likely caused by bacterial pathogens, while sub-
sequent infections are usually caused by fungal
pathogens, antibiotic-resistant bacteria, or viral
pathogens.23 The initial evaluation and manage-
ment of HSCT patients is not significantly dif-
ferent than that of patients undergoing
remission-induction or intensive consolidation
treatment for acute leukemia. Guidelines for the
management of such patients have been
developed by several groups.20,21 The NCCN
guidelines provide an excellent road map to
manage HSCT patients during their pre-
engraftment period.20 In the latest version of
these practice guidelines, a neutrophil count of
<500 PMN/µl has been defined as neutropenia,
and a single temperature of >38.0°C requires
clinical intervention. The patient’s evaluation
should be focused on determining the causative
organism and potential site of infection. HSCT
recipients experience increased morbidity with
respiratory viruses, so determining exposure to
ill family members or caregivers is important.
Laboratory assessment should focus on studies
that help to define the functional status of the
liver, kidneys, and lungs. Imaging procedures
(e.g. chest radiographs, etc.) should be con-
sidered when patients have any site-specific
symptoms. We routinely obtain a chest X-ray at
the onset of fever, and consider a CT scan of the
lungs for patients who remain febrile, have pul-
monary symptoms, or have room-air oxygen
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saturation levels below 90%. Sinuses are
imaged most efficiently with a CT scan.

Specimens for culture should be collected
during or immediately after completion of the
patient’s examination. Blood should be
obtained prior to initiation of antibiotics, but
antibiotic administration should not be delayed
while radiographs or other site-specific cultures
are obtained. There is general consensus that
the volume of blood cultured is the most impor-
tant variable in optimizing microbial recovery
for adult patients.73,74 It is recommended that at
least two blood cultures, or 20–40 ml of blood,
be collected. The IDSA clinical care guidelines
recommend that two blood cultures be
obtained – one from a peripheral site and a
second from the central venous catheter.21 The
justification for this recommendation is the
belief that disparity between the peripheral
blood and the catheter blood culture may help
identify catheter-related versus non-catheter-
related infections. While drawing blood cul-
tures from two different venipuncture sites may
help to distinguish between clinically important
and contaminant microorganisms, a meta-
analysis of previously published studies has
shown little utility for obtaining blood for cul-
ture from both the central indwelling venous
catheter and a peripheral vein.75 Thus, in many
transplant centers, blood for culture is only
drawn from the patient’s vascular catheter.
Quantitative blood cultures may be performed,
but they are not routinely recommended
because of cost and the limited impact they
have on clinical care.76,77

Site-specific cultures are important for HSCT
recipients. Cultures and biopsies from the
sinus, lungs, and alimentary tract can be per-
formed safely when they are coupled with
appropriate platelet support and experienced
subspecialty physicians (e.g. pulmonary crit-
ical/care, gastroenterologists, surgeons, and
otolaryngologists). One must have a low
threshold to biopsy cutaneous lesions that
develop in the setting of fever and neutropenia.
Histologic and microbiologic investigation of
these cutaneous lesions may define the offend-

ing bacterial, fungal, or viral pathogen.
Diarrhea is common after transplantation.

Diarrhea that occurs during the first 1–2 weeks
after completion of the transplant-conditioning
therapy usually results from treatment-induced
mucosal injury. This type of diarrhea will usu-
ally resolve by day 10–14 after transplantation,
but does signify additional mucosal injury that
can be a portal for infection. Acute GVHD
rarely occurs prior to day 14 post allogeneic
transplant, but can be a major cause of diarrhea.
Enteric infections that cause diarrhea are rare in
the pre-engraftment period. Cox et al78 prospec-
tively studied 296 consecutive HSCT patients,
and found that diarrhea occurred in 43%.
However, diarrhea due to infection was uncom-
mon, and accounted for only 13% of these
episodes. In this study, organisms responsible
for diarrhea included viruses (CMV, aden-
ovirus, astrovirus, rotavirus) and bacteria
(Clostridium difficile and Aeromonas). CMV
enteritis is rare in the pre-engraftment period,
and its overall incidence has decreased with the
advent of CMV-specific prophylaxis or preemp-
tive therapy.4,5 Bacterial pathogens responsible
for intestinal infection in the normal host (i.e.
Salmonella, Shigella, Campylobacter, and Yersinia)
almost never cause diarrhea in the hospitalized
transplant recipient. Diarrhea secondary to
intestinal parasites (e.g. Cryptosporidium, Giardia
lamblia, and Entamoeba histolytica) is also
unusual, but has been reported in center-
specific outbreaks. The most common infectious
cause of diarrhea during the pre-engraftment
period is C. difficile colitis. The prevalence of
this pathogen as part of a patient’s endogenous
alimentary flora varies. It is believed to be pre-
sent in less than 3% of normal hosts but its inci-
dence is higher among HSCT recipients.79 A
prospective study of all new patients arriving
for transplantation at the FHCRC found that
21% of these patients had pre-existing coloniza-
tion with C. difficile. These colonized individu-
als provide a center-specific reservoir of
organisms that can be nosocomially transmitted
to other susceptible patients, or for the colo-
nized patient there can be future progression to
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colitis once they are treated with antibiotic
therapy. Optimal management of colonized
patients is unclear, but infection control mea-
sures are imperative, and evaluation of diar-
rhea must always consider this pathogen.

INITIAL EMPIRIC THERAPY

HSCT recipients should be treated empirically
with high-dose broad-spectrum antibiotics at
the first sign (fever) of infection. At present, a
large number of highly effective antibiotics are
available. Despite many previous studies, it is
not possible to recommend a single antibiotic or
antibiotic combination as initial treatment for
HSCT patients with fever and neutrope-
nia.20,21,80–83 The selection of antibiotics must take
into consideration the following factors:

• The most common potential infecting
pathogens.4,5,36

• The potential sites of infection.
• The antimicrobial susceptibility patterns of

isolated pathogens. All infectious disease is
local, and knowledge of local antimicrobial
susceptibility patterns is critical in con-
structing the appropriate empiric regimen.

• Empiric regimens must provide broad-
spectrum antibiotic coverage. Antibiotic
regimens must provide a high-level of
activity against Gram-negative bacilli,
including Ps. aeruginosa, plus activity
against Gram-positive organisms such as S.
aureus and viridans streptococci.

• Pre-existing organ dysfunction. This is crit-
ical for HSCT patients, who often have been
exposed to previous organ-damaging treat-
ments (e.g. amphotericin B) or are receiving
treatment that has inherent renal and liver
toxicity (e.g. cyclosporine and tacrolimus).
In general, aminoglycosides, with their
inherent nephrotoxicity, should be used
with caution in HSCT recipients.

There is considerable debate about the
empiric use of vancomycin or antibiotics with
increased broad-spectrum Gram-positive activ-

ity (e.g. Linezolid and Synercid) in patients
with fever and neutropenia.20,21 The primary
justification for empiric therapy is the know-
ledge that a small number of Gram-positive
pathogen infections can be rapidly fatal if not
treated promptly with the appropriate antibi-
otics.26,28,29 However, the only single large
prospective randomized trial conducted in
patients with fever and neutropenia failed to
show a true clinical advantage for the use of
empiric vancomycin.84 This issue has not been
directly studied in HSCT patients, but the
European Organization for the Research and
Treatment of Cancer (EORTC) trial reported that
empiric use of vancomycin resulted in a
decreased duration of fever, but did not
improve survival and was associated with
excess of renal and hepatic toxicity.

The primary barrier to the use of empiric
vancomycin is the emergence of vancomycin-
resistant pathogens. The development of colo-
nization with vancomycin-resistant enterococci
(VRE) has been associated with the increased
use of vancomycin, although other antibiotics
are also important.30,85 Because of this risk of
vancomycin-resistant pathogens, the initial
empiric use of vancomycin or other new broad-
spectrum Gram-positive antibiotics (Linezolid
and Synercid) should be limited to HSCT
patients who develop fever and have one or
more of the following additional clinical factors.

1. Serious, clinically apparent catheter-related
infections. Many of these infections are due
to coagulase-negative staphylococci that
have a very high (80%) level of �-lactam
antibiotic resistance.

2. Substantial mucosal damage coupled with
a high-risk of infection with penicillin-
resistant viridans streptococci. Significant
mucosal disruption is of constant concern
for HSCT recipients, and, according to the
SCOPE (Support of Commission Objectives
and Project Environment) surveillance data,
18–29% of viridans streptococci isolated
from blood cultures will be resistant to
�-lactam antibiotics.86,87
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3. Blood cultures positive for Gram-positive
bacteria prior to final pathogen identifica-
tion and susceptibility testing.

4. Known colonization with �-lactam-resis-
tant pneumococci, methicillin-resistant S.
aureus (MRSA), or VRE.

5. Previous prophylaxis with quinolone
antibiotics or trimethoprim/sulfamethoxa-
zole. Both of these agents have been associ-
ated with an increased risk of Gram-
positive infections.44,88,89 Recent molecular-
epidemiology studies in HSCT recipients
and patients with acute leukemia have con-
firmed the importance of alimentary tract
colonization with coagulase-negative
staphylococci as a risk factor for the devel-
opment of blood stream infections with
these pathogens.90

6. The development of hypotension or the
sepsis syndrome without an identified
pathogen.

Empiric vancomycin could be considered in
any of these six clinical situations, but if van-
comycin therapy is initiated, it should be dis-
continued after 3–4 days of treatment if an
antibiotic-resistant organism is not identified.
The empiric use of new agents such as
Linezolid and Synercid is discouraged. Cost,
lack of controlled trial experience, and potential
marrow toxicity with Linezolid (personal com-
munication Pharmacia/Upjohn) and significant
musculoskeletal toxicity with Synercid provide
reasons for caution when using these agents
empirically in HSCT recipients.

PATIENTS WITH DOCUMENTED INFECTION
SITES OR PATHOGENS

Identification of the causative pathogen allows
the clinician the ability to optimize the antimi-
crobial regimen and use therapy with a lower
incidence of adverse effects and costs. The
duration of treatment for documented infec-
tions depends on the following factors:

• neutrophil recovery;

• rapidity of response to the antimicrobial
therapy;

• the site of infection and isolated pathogen;
• status of the patient’s engraftment;
• the patient’s need for additional immuno-

suppression (e.g. corticosteroids).

In general, most uncomplicated skin and ali-
mentary tract mucosal infections are adequately
treated with 5–7 days of treatment.20 For most
bacterial bloodstream infections, 1–2 weeks of
therapy are usually adequate, but fungal blood-
stream infections require more prolonged ther-
apy.20,21,91 Three to four weeks of therapy are
needed to effectively control bacterial sinus and
lung infections, but a more prolonged antimi-
crobial treatment is required if the causative
pathogen is Ps. aeruginosa or a mold.20

Catheter-associated infections

Catheter-associated infections remain problem-
atic. Long-term venous access devices were ini-
tially developed for use in HSCT recipients, and
are the standard of care for almost all HSCT
patients. The long-term indwelling venous
access device allows the clinician to administer
high-dose multi-agent therapy, provide consis-
tent venous access for blood product support,
administer parenteral nutrition and antimicro-
bial therapy, and function as a portal for with-
drawal of blood for physiologic monitoring,
microbiologic evaluation, or PBSC collection.
Catheter-associated infections are categorized
as entry-site infections, tunnel infections or
bloodstream infections (Table 7.3). The delin-
eation of an entry-site infection from a tunnel
infection can be clinically challenging, but the
occurrence of an apparent entry-site infection
plus a bloodstream infection usually indicates
that the catheter tunnel is also infected. It is
now believed that the majority of entry-site
infections can be managed effectively with
antimicrobial therapy alone. Tunnel infections
require catheter removal and culture, with
modification of the empiric antibiotics based on
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culture and antibiotic susceptibility results.
Determination of the true role of the venous
catheter in a bloodstream infection is difficult
unless there is evidence of tunnel or entry-site
inflammation caused by the same organism that
is recovered from blood cultures. The majority
of bloodstream infections that occur in HSCT
patients who have indwelling catheters can be
managed effectively with antimicrobial ther-
apy, and do not require catheter removal.20,21

Immediate catheter removal is recommended
for patients with bloodstream infections due to
fungi, non-tuberculosis mycobacteria (Mycobac-

terium fortuitum complex and M. chelonae/
abscessus group) and VRE.30,39,92 Persistent
bloodstream infections are more frequent if the
catheter is not removed and the bloodstream
pathogen is a Bacillus sp., C. jeikeium, S. aureus,
Ps. aeruginosa, or S. maltophilia.29,93–95 All other
bloodstream infections can be initially treated
with pathogen-specific antibiotics. Catheter
removal in these latter cases should be con-
sidered if the bloodstream infection persists
beyond 48 hours and no other site of infection is
identified. It is also important to consider the
possibility that the venous catheter is the pri-
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Table 7.3 Vascular-catheter-associated infections in HSCT recipients

Infection Treatment/action

Entry-site infection • Pathogen-specific therapy
(consider empiric vancomycin)

Tunnel infection • Catheter removal/culture
• Pathogen-specific therapy

(consider empiric vancomycin)

Bloodstream infection
Fungi (yeast or mold) • Immediate catheter removal
Non-tuberculosis mycobacteria • Pathogen-specific therapy
Vancomycin-resistant enterococci

Corynebacterium jeikeium • Consider early catheter removal
Bacillus spp. • Pathogen-specific therapy
Staphylococcus aureus
Pseudomonas aeruginosa
Stenotrophomonas maltophilia

All other positive blood cultures • Pathogen-specific therapy
• Consider catheter removal for persistanta infection

a Positive blood culture >48 hours, no other site of infection.



mary site of bloodstream infections that recur
after a full course of antimicrobial therapy.20,96

There is not substantial data to support the
recommendation that antibiotic administration
be alternated through the different catheter
lumens. One must believe that if the catheter is
truly the source of infection, then antibiotics
alone have a very low chance of sterilizing the
venous access device.

LACK OF CLINICAL RESPONSE TO INITIAL
EMPIRIC THERAPY

Management of HSCT patients with infection
who do not clinically respond to antimicrobial
therapy is challenging.20 The lack of response
may represent an infection with a pathogen
resistant to the empiric antimicrobial regimen
being administered, inadequate serum level or
tissue levels of the antibiotics, infection at a vas-
cular site (e.g. a catheter), closed-space infec-
tion, the emergence of a second infection, or an
unusually slow clinical response. It is important
to remember that the resolution of fever in
patients who are neutropenic is frequently
delayed. A recent review of 488 episodes of
fever and neutropenia treated at the University
of Texas MD Anderson Cancer Center revealed
that the median time to fever resolution ranged
from 5 to 7 days.97 Less than 40% of patients
became afebrile before day 5 of therapy.
Patients with Gram-negative bloodstream infec-
tions were febrile for a mean of 6.6–8.2 days,
while the time to fever defervescence was even
longer for patients with Gram-positive blood-
stream infections (range 6.6–12.4 days). These
findings are consistent with the results pub-
lished by Freifeld et al,80 who reported that the
mean time for patients to become afebrile was 4
days with ceftazidime therapy and 3 days for
patients treated with imipenem. These studies
provide evidence that the time to fever defer-
vescence can be prolonged, but that the fever
response may also vary depending upon the
specific antibiotic regimen, site of infection, and
infecting pathogen.

Patients in whom fever persists beyond 4–5
days of initial antimicrobial therapy should
undergo reassessment. Broad-spectrum antibi-
otics should be maximized, but, if possible,
antibiotic combinations that minimize organ
toxicity should be used. Clinical evaluation
must include a thorough daily evaluation,
review of previous culture results, and further
site-specific investigation as clinically indicated.
Special attention should be given to the lungs
and sinuses as occult sites of infection. The
management of such patients may require serial
antimicrobial changes, and infectious diseases
consultation can be helpful.

The need for change in therapy should be
based on the patient’s clinical status and the
likelihood of early marrow engraftment.
Although fever resolution may be slow, persis-
tent fever raises concern about an inadequately
treated infection.97 For HSCT patients who are
persistently febrile and clinically unstable,
additional Gram-negative bacillary coverage,
empiric vancomycin, or empiric amphotericin B
should be considered. The clinically stable
but febrile patient can be followed carefully
without alteration of antimicrobial therapy.
However, most physicians will consider the use
of empiric amphotericin B or Ambisome (lipo-
somal amphotericin B) if fever persists beyond
day 6 of antibiotics.98 Walsh et al99 have recently
reported on a multicenter trial that compared
voriconazole (a new second-generation triazole)
with Ambisome as empiric treatment for
patients with neutropenia and persistent fever.
In this trial, voriconazole was comparable to
Ambisome in therapeutic success, but superior
in reducing breakthrough fungal infections,
infusion-related toxicity and nephrotoxicity.
These encouraging results warrant further
study in HSCT patients.

EVALUATION AND MANAGEMENT OF
FUNGAL INFECTIONS

Invasive fungal infections have become an
increasingly important problem for HSCT
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patients. Several studies have reported yearly
increases in the incidence of candidiasis,
aspergillosis, and some other mold infec-
tions.3–5,13,37–39,100,101 With the progress that has
been made in the management of CMV infec-
tion and pneumonia, aspergillosis is now the
number one cause of infection death after allo-
geneic transplantation.3,4,13,37 Fungal organisms
are categorized into three general categories.
The first group comprises the yeasts, which are
distinguished by their inability to form true
hyphae, and their propensity to colonize
mucosal surfaces. Candida spp. are the most
common, and were reported to occur in 10–20%
of HSCT patients prior to the routine use of
azole prophylaxis.38,39,100 The second group com-
prises the molds, which are characterized by
their ability to form true hyphae, and are pri-
marily acquired by the inhalation of aerosolized
spores. In the past, this was believed to be pri-
marily contaminated air, but recent studies
have also raised the importance of the inhala-
tion of aerosolized contaminated water
sources.102 The most common molds are
Aspergillus spp., but Mucorales order, Fusarium,
Bipolaris, and Pseudoallescheria are being more
commonly isolated. The incidence of Aspergillus
infections has been reported to range from 6%
to 20% based on the transplant center and the
year of HSCT. The final group of fungi com-
prises the dimorphic fungi, which have both a
yeast and a hyphal form. These are often
referred to as the endemic fungi (e.g.
Histoplasma and Coccidiodomycetes). Infections
with these fungi are uncommon after HSCT,
but should always be considered in patients
with a significant history of previous exposure.

The diagnosis of candidiasis and mold infec-
tions continues to rely on recovery of the
specific pathogen from blood culture, or
identification by culture or histology from tis-
sue samples. Rapid diagnosis of these infections
using serum antigen detection as a surrogate
marker for invasive disease remains a high pri-
ority. Galactomannan detection for the diagno-
sis of aspergillosis appears to be highly specific
for invasive aspergillosis, but test sensitivity

has varied from 43% to 83%, depending upon
the test cut-off index.103 The group from
Belgium prospectively collected sera from
HSCT recipients and then assessed the efficacy
of galactomannan detection to predict invasive
aspergillosis.104 They reported that serial testing
in HSCT recipients could identify invasive
aspergillus a median of 6 days (range 0–14
days) before clinical parameters dictated
empiric antifungal therapy, and a median of 17
days before the diagnosis of aspergillosis was
confirmed. Clinical usefulness of this non-
culture technique requires further prospective
evaluation, but could potentially improve the
ability to diagnose invasive aspergillosis and
monitor the response to treatment.

Candidiasis

The frequency and occurrence of candidiasis
has been well described.38,39,100 Goodrich et al39

reviewed the occurrence of candidiasis at the
FHCRC before azole prophylaxis and the lipid-
based amphotericin B products were being
used. In this report, 1.4% of transplant recipi-
ents developed invasive candidiasis. The most
common organisms were C. albicans (62%) and
C. tropicalis (21%). The median time to the
development of a Candida bloodstream infec-
tion was 15 days after transplantation, and
these infections had an attributable mortality of
39%. Infection mortality was further increased
to 88% if Candida tissue invasion was also docu-
mented. Autologous and allogeneic HSCT
recipients had a similar risk of candidiasis dur-
ing the pre-engraftment period, but the risk of
developing candidiasis persisted for allogeneic
transplant recipients despite the return of gran-
ulocyte function. Risk factors for this period
included neutropenia, older age, HLA-mis-
matched donor, acute GVHD, and corticos-
teroid use (Table 7.4). The occurrence of
bloodstream infections by Candida spp. was
recently reassessed at the FHCRC after the
introduction of fluconazole prophylaxis.38

Forty-four percent of patients were colonized

140 TEXTBOOK OF FEBRILE NEUTROPENIA



with Candida spp. at some time either prior to
or during the first 75 days after transplant. C.
albicans was more likely to be recovered before
transplantation, with non-albicans species more
likely to be recovered during the period of
azole use. C. albicans resistance to fluconazole
was modest (5.3% of isolates), with the most
common bloodstream isolates being C. glabrata,
C. parapsilosis, and C. krusei. Candida blood-
stream infections occurred in 4.7% of patients, a
median of 28 days after transplantation, and
were associated with a 20% mortality rate. Of
note in this study, the use of fluconazole pro-
phylaxis negated the importance of neutropenia
as a risk factor, but had no impact on infections
with non-albicans species (Table 7.4).

Aspergillosis

Aspergillus infections primarily involve the res-
piratory tract. Invasive infection of the lung
appears more common, but the true incidence
of sinus involvement in HSCT recipients is

known. There is a suggestion that different
Aspergillus spp. may have different tissue tro-
pisms, with A. flavus more likely to cause sinus
infection than is A. fumigatus. It has become
clear that Aspergillus infection after HSCT
occurs in three distinct pathophysiologic con-
ditions.13 One group of patients will develop
their infection during the pre-engraftment
period with the primary risk factor being neu-
tropenia (Table 7.4). The second group devel-
ops their infection later, between days 40 and
120 post transplantation, and are predisposed
to infection because of a persistent cellular
immune defect. The third group experience
Aspergillus infections very late after transplanta-
tion, and these infections appear to be highly
correlated with delayed immune reconstitution,
CMV disease and chronic GVHD (K Marr, per-
sonal communication, 2000). Extrapulmonary
spread of Aspergillus is more common with
neutropenia-associated infections, while non-
neutropenic Aspergillus pneumonia among
HSCT recipients is more likely to present with
progressive diffuse pulmonary infiltrates.105 The
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Table 7.4 Risk factors (multivariate analysis) for candidiasis and aspergillosis after HSCT

Candidiasis Aspergillosis13,52

Pre-azole39 Azole treatment52 Early Late

Increased age Yes Yes No Yes
Unrelated donor Yes No No Yes
GVHD Yes No No Yes
Corticosteroids Yes No No Yes
Neutropenia Yes No Yes No
Season (summer) No No Yes No
Concomitant infection Yes Yes Yes Yes
Laminar airflow units No No Yes No
Construction No No No Yes
CMV-positive Yes Yes Yes Yes



mortality rate for Aspergillus infection develop-
ing early or late after transplant remains very
high, ranging from 60% to 88%.13,38 Median sur-
vival after diagnosis is usually short (36 days)
for patients with early and late aspergillosis,
but can be longer when it occurs very late after
transplantation. Diagnosis, prevention, and
treatment of Aspergillus infections remain inad-
equate. Diagnosis is dependent on recovery of
the infecting organism by histology or microbi-
ology from tissue specimens or pulmonary or
sinus lavage. Results of galactomann assays are
encouraging.103,104 While the use of surveillance
cultures continues to be controversial in the
care of HSCT recipients, the finding of A. fumi-
gatus or A. flavus in respiratory specimens has
been shown to be highly predictive of future
invasive aspergillosis.13 Mucosal eschars along
the nasal septum are an important clinical clue
to the diagnosis of Aspergillus sinusitis. Biopsy
and culture of such lesions are always indi-
cated. If nasal lesions are not observed, sinus
aspirate and biopsy may establish the diagnosis
and preclude the need for further diagnostic
procedures.

Bronchoalveolar lavage (BAL) is the standard
approach for evaluating an HSCT patient with
pulmonary lesions. BAL is a less sensitive pro-
cedure if the pulmonary lesions are focal, small,
and/or peripherally located. The sensitivity of
BAL to diagnose Aspergillus is only 50–60%.
Thus a negative procedure does not exclude the
diagnosis of Aspergillus. Open lung biopsy is
usually reserved for patients with a negative
BAL, or for patients in whom the disease is pro-
gressive and a diagnosis must be immediately
established. A thoracoscopic approach is now
routinely utilized when possible because of
lowered procedure morbidity. Biopsies of both
peripheral and central areas of abnormal lung
are recommended because of the focal nature of
Aspergillus infections, and the wide distribution
of organisms within the pneumonic process.

Treatment of established Aspergillus infec-
tions that occur in HSCT recipients remains
inadequate, and is in a state of evolution. Early
diagnosis and treatment remains critical.

Prolonged (8–10 weeks) high-dose (1.0–1.5 mg/
kg/day) amphotericin B or an equivalent dose
of a lipid formulation of amphotericin B is the
standard initial treatment.20,21 Additional sup-
pressive therapy with an oral agent such as itra-
conazole is often given if the patient remains
immunosuppressed.20 To date, the lipid formu-
lations of amphotericin B have not been shown
to increase survival, although the incidences of
both acute infusion-related toxicity and nephro-
toxicity are decreased.98,106 Usage of lipid for-
mulations of amphotericin B must be based on
the risk of developing nephrotoxicity and the
cost of treatment.107,108 The use of antifungal
combinations remains controversial, and some
in vitro studies have suggested the possibility
of clinically relevant antagonism if azoles such
as itraconazole are combined with ampho-
tericin B.

Voriconazole, a new triazole with enhanced
activity against Aspergillus, is available in both
an oral and an intravenous formulation, and
appears encouraging as treatment of aspergillo-
sis. Other new antifungal agents (e.g. posacona-
zole, ravuconazole, caspofungin, and liposomal
nystatin) are being tested in phase II-III trials as
treatment of invasive Aspergillus infections in
HSCT recipients. These agents show promise,
with response rates of 25–40% among patients
who have failed to respond to amphotericin
B. Efforts to enhance infected patients’ immune
status have been recommended, but the use of
adjunct growth factors (G-CSF and GM-CSF),
or G-CSF-mobilized granulocyte transfusion
have not been shown to be beneficial.64,109 The
role of surgery as an adjunct to antimicrobial
treatment for pulmonary Aspergillus infections
remains controversial, but a preliminary analy-
sis from the FHCRC (D Weiss, personal com-
munication, 2000) shows little survival benefit if
surgical resection is performed.

Respiratory viruses

RSV, parainfluenza, and infuenza type A or B
are now recognized as important pathogens for
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HSCT recipients during the pre-engraftment
period.22,110–113 These infections are usually sea-
sonal (winter months), but outbreaks may per-
sist within a transplant center beyond the time
when healthy individuals in the community are
no longer being infected. The true incidence of
these infections is unknown, but some centers
have reported an attack rate among HSCT
recipients of 20%.112 The progression of upper
respiratory tract infection to lower tract dis-
ease varies among the specific viruses.
Approximately 50% of patients who become
infected with RSV will develop pneumonia.22,112

The rate of progression is lower for parain-
fluenza (32%), and rare for influenza. The RSV
pneumonia mortality rate has remained high
(27–82%), but mortality may be even more
severe when the infection and pneumonia
develop pre-engraftment.22 The mortality rate
from parainfluenza pneumonia has varied
between 32% and 57%, with the mortality rate
among HSCT recipients who develop influenza
pneumonia being in a similar range. There is no
proven effective therapy for any of these respi-
ratory virus infections after HSCT, although
aerosolized ribavirin alone or in combination
with either polyclonal or monoclonal RSV
immunoglobulin has been used.112 Supportive
care and appreciation of the potential complica-
tions such as secondary bacterial and fungal
pneumonia are the mainstay of treatment.
Intravenous RSV immunoglobulin and pre-
emptive therapy with aerosolized ribavirin are
currently under investigation for the prevention
and treatment of RSV pneumonia. Infection
control efforts to minimize acquisition and
transmission of these pathogens are critical.

SITE OF CARE FOR HSCT PATIENTS WITH
FEVER AND NEUTROPENIA

There is increasing acceptance that certain
patients with fever and neutropenia can be
safely managed as outpatients, or with short-
ened hospital stays.20,114–117 Several investigators
have developed prospective models to help

predict a population of patients who would be
at low risk of developing infection-associated
complications, and would therefore be candi-
dates for outpatient therapy.117,118 In general,
most models have excluded HSCT recipients
from the low-risk patient group because of the
belief that their underlying immunosuppres-
sion and intensity of treatment inherently
makes them a high-risk population.117,118

The FHCRC has not attempted to manage
the first episode of fever and neutropenia dur-
ing the pre-engraftment period on an outpa-
tient basis. This has not been feasible because
most patients experience significant comorbid
illness during the pre-engraftment period (e.g.
severe mucositis, or renal or hepatic dysfunc-
tion). However, approximately 5–10% of con-
ventional allogeneic transplant recipients and
occasional autologous HSCT recipients will
develop a period of neutropenia (<500
PMN/µl) during periods following initial
engraftment. Many of these neutropenic peri-
ods are complicated by the development of
fever and infection. These neutropenic periods
are caused by graft failure, disease relapse, and
marrow suppression caused by infection (e.g.
CMV, HHV-6, or HHV-8) or medications (e.g.
ganciclovir). In general, we do not now admit
all of these patients to the hospital for broad-
spectrum antibiotics. Patients are evaluated at
the first sign of infection (fever), with a thor-
ough physical examination, blood cultures,
chest X-ray, and pertinent physiologic assess-
ments (e.g. hematological, kidney, liver, and
lung). Patients who are clinically stable, and do
not have hypotension, hypoxia (SaO2

< 90% on
room air), a stool volume >500 cm3/24 h, or
renal insufficiency (serum creatinine > 2.0 mg/dl)
are then treated with intravenous ceftazidime
and ciprofloxacin in our day hospital/ambula-
tory facility and observed for 6–8 hours.
Patients who remain stable are then allowed to
continue their antibiotic therapy as outpatients.
All patients return to the clinic the following
morning for reassessment. Patients are assessed
daily until clinically improved, antibiotics are
adjusted based on culture results, and patients
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who show signs of clinical deterioration are
immediately hospitalized for more intense
monitoring. The Center’s infectious disease
team evaluates all patients who remain febrile
beyond day 3 of broad-spectrum antibiotic ther-
apy. Experience with this pilot approach is lim-
ited, but critical issues for the success of this
treatment strategy are willing, educated
patients, full-time caregivers (part of the rou-
tine FHCRC transplant procedure), follow-up
care available 24 hours/day, 7 days a week, and
a low threshold for hospitalization if needed.

SUMMARY

The morbidity and mortality of infections for
HSCT recipients during the pre-engraftment
period have dramatically decreased, but during
this same time period there has been the emer-
gence of antibiotic-resistant bacteria, and a
significant increase in the incidence of fungal
infections. More potent and less toxic antibi-
otics have been developed. PBSC transplants
have decreased the duration of pre-engraftment
neutropenia, and progress has been made in the
area of prophylaxis of C. albicans infections.
However, patients now are at an increased risk
of non-albicans Candida infections, and the mor-
tality from mold infections (e.g. Aspergillus)
remains high. The promise of new diagnostic
techniques, additional antimicrobial agents,
and strategies for treatment and prophylaxis
hold the potential that HSCT may be safer in
the future. It will be critical for the transplant
team to remember that HSCT-associated infec-
tions are a dynamic process, with change a
guarantee. Transplant physicians must not for-
get the value and importance of standard
infection-control measures. It will be a chal-
lenge to implement such infection-control
approaches as the care of HSCT patients
becomes more focused in an ambulatory/day
hospital facility.
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8
Initial clinical evaluation and risk assessment
of the febrile neutropenic cancer patient
James A Talcott, Edward B Rubenstein

INTRODUCTION

Bodey et al,1 by noting the relationship between
absolute neutrophil counts (ANC) less than
1000/mm3 and an increased risk of infection,
especially serious infection, identified fever and
neutropenia as a high-risk clinical state.
Although assessing patient risk is an integral
aspect of a physician’s role, formal discussions
of risk assessment are rare in medical text-
books. However, risk assessment has been cen-
tral to the management of cancer patients with
fever and neutropenia since its original descrip-
tion by Bodey and colleagues. Since that report,
many papers have identified factors that either
clinically or statistically are associated with out-
comes in patients with fever and neutropenia.
In this chapter, we will provide an overview of
the initial clinical approach to the neutropenic
cancer patient who presents with fever, provide
a framework for risk assessment as it relates to
the care of patients with fever and neutropenia,
and detail some of the characteristics that
define low- and high-risk subgroups that can be
used to help the clinician make initial decisions
regarding site of care (inpatient versus outpa-
tient) and route for antibiotic therapy (oral ver-
sus intravenous).

Defining the clinical problem

The signs and symptoms of infection are often
subtle in the neutropenic patient, but fever
remains the cardinal sign of early infection. A
single temperature of greater than 38.0°C
(100.4°F) in the absence of an obvious environ-
mental cause is generally considered a fever.
Neutropenic patients who have just received
blood products should not be considered to
have simple pyrogenic febrile reactions from
their transfusion if they remain febrile two or
more hours after transfusion. These patients
must be presumed to be infected and should
be treated with broad-spectrum antibiotics.
Similarly, initial febrile episodes in neutropenic
patients should never be attributed to non-
infectious causes such as tumor fever or drug
fever. Numerous studies have shown that more
than half of neutropenic patients who become
febrile, if carefully evaluated, will end up hav-
ing either a microbiologically documented
infection (MDI) or a clinically documented
infection (CDI).2–7 Approximately 10–20% or
more of febrile patients with neutrophil counts
of less than 100/µl will have documented bac-
teremias.8 The purpose of the initial evaluation
is to try and elucidate the focus of the patient’s
infection so that the initial empiric antimicro-
bial regimen is appropriately selected based



upon the organism most likely to be responsible
for the initial infection. Primary sites of infec-
tion include the alimentary tract from the
oropharynx to the perirectum, including the
periodontal area, mouth, pharynx, esophagus,
large and small bowel and rectum, the sinuses,
lungs, and skin. Common sites of infection
include the skin and soft tissues surrounding
central venous catheters or the catheters them-
selves (see Chapter 10). Patients with neutrope-
nia and signs or symptoms of infection who
present without fever should be evaluated and
treated as if they were febrile, including those
patients who are elderly or debilitated and
those who have received corticosteroids, which
may also initially blunt the febrile response.
Neutropenic patients with infections due to
Clostridium septicum may also present without
fever.9

Essential elements of the history,
examination, and evaluation

Since fever in the neutropenic cancer patient is
traditionally considered an oncologic emer-
gency, it is important for the clinician to rapidly
perform a focused history and physical exami-
nation. Baseline history should include the
timing of the onset of the fever, associated
symptoms such as true rigors (which suggest
bloodstream infection), chest pain, dyspnea or
cough (which suggest respiratory tract infec-
tion), and other site-specific history and evalua-
tions as outlined in Table 8.1. Although
uncommon, the presence of headache and pho-
tophobia with or without neck stiffness should
still suggest meningitis in a neutropenic febrile
cancer patient.

Laboratory testing should include a complete
blood count with differential and platelet count,
serum electrolytes, blood urea nitrogen, serum
creatinine, evaluation of liver transaminases
(aminotransferases), bilirubin, alkaline phos-
phatase, and appropriate site-specific cultures.
Initially, two blood cultures should be drawn,
with a minimum of 20 cm3 of blood per culture.

If the patient has an indwelling vascular access
device (VAD), the site should be examined for
erythema, induration, or purulence. Routine
VAD site cultures are not indicated. At least
one blood culture should be taken through the
lumen of the VAD, and, if the patient will allow
a peripheral venous sample, then another blood
culture from a vein should also be obtained.10

For patients with urinary symptoms such as
frequency or dysuria, Gram stain and culture is
indicated. Routine urinalysis is rarely helpful,
since neutropenic patients do not usually have
pyuria. Routine chest radiographs in the
absence of chest symptoms have a low yield,
and a normal chest radiograph does not
exclude the possibility of pneumonia, since the
neutropenic patient cannot mount a vigorous
inflammatory response.11 The chest examina-
tion is important, however. Crackles or rales, if
heard, are strongly suggestive of a pneumonic
process, and should prompt further investiga-
tion even in the presence of a normal chest film.
Chest computed tomography (CT) has been
shown to be useful in the evaluation of poten-
tial fungal pneumonia in neutropenic trans-
plant and leukemia patients.12 The baseline
clinical evaluation is important for planning
non-infectious disease supportive care therapy
such as blood product transfusions and hydra-
tion therapy, and for documenting the patient’s
clinical status at presentation. Patients who ini-
tially present without an obvious focus of infec-
tion may end up having subsequently docu-
mented infections if carefully evaluated and
reassessed daily.13

SITE-SPECIFIC ASSESSMENT

Sinus and nasal passages

The sinuses are a common site of infection in
neutropenic cancer patients. Predisposing fac-
tors may include prior chronic sinusitis and
nasal polyps. Patients may complain of
headache or unilateral facial pain involving
the frontal, temporal, or occipital areas.
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Table 8.1 History, examination and evaluation in the neutropenic cancer patient

Site of infection Signs/symptoms Diagnostic evaluation Organisms to consider

Sinus/nasal passages Unilateral pain/tearing Limited CT of sinuses Streptococcus pneumoniae
Dysesthesias ENT consult Staphylococcus aureus
Periorbital cellulitis Consider sinus drainage, biopsy Gram-negative bacteria
Rhinorrhea Appropriate stains/cultures Anaerobic bacteria

Aspergillus spp. and other
molds/fungi

Skin/soft tissues/wounds Pain Biopsy/aspiration Coagulase-negative 
Erythema Stains/cultures staphylococci
Cellulitis S. aureus
Vesicular lesions Gram-negative bacteria:
Ecthyma gangrenosum Pseudomonas aeruginosa
Nodules/abscesses Herpes simplex virus (HSV)

Varicella zoster virus
Candida spp.
Rapidly growing
mycobacterium (non-
tuberculous)

Mouth/oropharynx Pain, odynophagia Cultures/stains HSV
Erythema, mucositis Consider dental oncology Candida spp.
Plagues evaluation Streptococci
Gingivitis Anaerobes
Necrotizing/vesicular Gram-negative bacteria
lesions

Esophagus Persistent nausea Endoscopy Candida spp.
Dysphagia Biopsy and cultures HSV
Retrosternal burning Cytomegalovirus (CMV)

Liver/gallbladder/pancreas Right upper quadrant pain CT scan Gram-negative bacteria
nausea/vomiting Ultrasound Enterococcus
↑ alkaline phosphatase Consider adverse effects of Anaerobic bacteria
↑ transaminases concomitant medications Candida spp.
(aminotransferases)
↑ amylase/lipase
↑ bilirubin

Colon/Intestines Crampy abdominal pain CT scan Salmonella spp.
Loose, watery, diarrhea Surgical consultation Shigella spp.
Bloody diarrhea Enteric stool cultures Giardia lamblia

Clostridium difficile toxin Candida spp.
CMV

Contd



Occasionally, dysesthesias may also be noted.
Unfortunately, many patients may have sinusi-
tis without significant signs or symptoms, and –
particularly in bone marrow transplant patients
or patients with acute leukemia – the diagnosis
may often be delayed. Owing to the unreliabil-
ity of routine sinus radiographs, most experts

now consider limited CT scans as the radi-
ographic test of choice. Air fluid levels, mucosal
thickening, or bone erosion may be noted as
well. ENT consultation is frequently required in
order to obtain material via aspiration or biopsy
of the sinuses for appropriate stains and
cultures to establish microbiologic diagnosis.
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Table 8.1 History, examination and evaluation in the neutropenic cancer patient – contd

Site of infection Signs/symptoms Diagnostic evaluation Organisms to consider

Anaerobic bacteria
Clostridium septicum
Strongyloides stercoralis
Enteric Gram-negatives
Ps. aeruginosa

Perirectal/groin Pain, induration Surgical consultation Gram-negative bacteria
GYN consultation Anaerobic bacteria
Endoscopy Enterococcus

Candida spp.

Respiratory tract Cough CXR, CT chest Gram-negative bacteria
Sputum production Sputum stains and cultures S. aureus
Dyspnea Bronchoscopy Haemophilus influenzae
Pleuritic chest pain Bronchoalveolar lavage S. pneumoniae

Lung biopsy Seasonal viruses (respiratory
syncytial virus, influenza)
Aspergillus spp.
Pneumocystis carinii
Legionella spp.
Candida spp.
Mycobacteria
CMV

Vascular access device Entry site erythema, Stains/cultures Staphylococcus epidermidis
(VAD) tenderness Quantitative cultures through S. aureus

VAD and peripheral blood Corynebacterium
Acinetobacter
Ps. aeruginosa
Stenotrophomonas
maltophilia
Bacillus spp.
Candida spp.
Non-tuberculous mycobacteria



Etiologic agents include Gram-positive bacteria,
especially Streptococcus pneumoniae and
Staphylococcus aureus, and Gram-negative bacte-
ria; mixed infections are also common, includ-
ing anaerobic organisms. Although less
common in solid tumor patients, Aspergillus
spp., the Zygomycetes, and other molds may be
the cause of sinus infections in patients who
have undergone bone marrow transplantation
or those who have acute leukemia.14

Mouth and oropharynx

The mouth and oropharynx are common sites of
infection in neutropenic cancer patients.
Mucositis due to chemotherapy disrupts the
normal protective mechanism in the mouth and
oropharynx, and creates a portal of entry into
the bloodstream for potential pathogens.
Unfortunately, pain and difficulty in swallow-
ing are non-specific symptoms of mucositis, and
are unreliable in determining which patients
have oropharyngeal infections. Periodontal
infections are common causes of fever in neu-
tropenic cancer patients, and dental oncology
consultation may be indicated for patients with
poor dentition.15 Oral lesions may become colo-
nized with Gram-negative bacilli and cause bac-
teremia. Alpha-hemolytic streptococci may also
enter the bloodstream via the disrupted mucosal
membrane of patients with significant mucosi-
tis.16 Mouth anaerobes and Candida spp., which
are often of low pathogenic potential, may cause
bloodstream infections and febrile episodes in
neutropenic cancer patients with significant oral
mucositis. Herpes simplex virus (HSV) may be
reactivated in patients with mucositis, and may
cause more extensive mucosal damage and pro-
long healing time.17

Esophagus

Mucositis may also include the mucosal surface
of the esophagus, and the presence of retroster-
nal burning pain and dysphagia should prompt

the clinician to consider an esophageal source
for the patient’s febrile episode. Endoscopic
evaluation may be warranted, with appropriate
platelet support, to obtain material for diagno-
sis if the patient is thrombocytopenic. HSV and
cytomegalovirus (CMV) should be considered
as potential pathogens in the appropriate
patient setting.18 Patients with oropharyngeal
candidiasis may have esophageal candidiasis as
well. Although the classic symptoms of ret-
rosternal burning and odynophagia may sug-
gest an esophageal cause for the patient’s
febrile episode, more commonly chronic nausea
and/or vomiting may be the only symptoms of
esophageal infection.

Liver, gallbladder, and pancreas

Infections of the hepatobiliary tract are usually
suspected because patients present with
abdominal pain or right upper quadrant pain,
or are found to have elevations in their alkaline
phosphatase, bilirubin, transaminases, or amy-
lase/lipase. The classic triad of right upper
quadrant pain, fever, and jaundice, suggesting
colangitis, may be present in patients with
hepatobiliary tract cancers who have either
internal or external drainage devices. Initial
evaluation for infections in these areas should
include ultrasound, CT, or magnetic resonance
imaging (MRI). Surgical consultation may be
warranted, and, for patients who have internal
or external biliary stents, these may need endo-
scopic evaluation to ensure that they are not
obstructed. During the course of the patient’s
management, it may be necessary to exchange
infected stents. In addition to Gram-negative
enteric organisms, enterococci (including
vancomycin-resistant enterococci), and Candida
spp. are important pathogens to consider.19 The
clinician should also recognize that rising
transaminases, bilirubin, and alkaline phos-
phatase in the setting of fever in the neu-
tropenic cancer patient may not be due to an
infection, but may be due to an adverse effect of
one of the patient’s concomitant medications.
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Therefore, re-evaluation of the patient’s medica-
tion profile is often warranted. Patients with
acute leukemia or patients who have undergone
bone marrow transplantation who had pro-
longed episodes of neutropenia may be predis-
posed to hepatosplenic candidiasis, which often
initially presents as fever without an obvious
focus of infection or as an elevated alkaline phos-
phatase.20 CT scans may show multiple small
lesions in the liver or spleen, which can be biop-
sied to obtain a definitive diagnosis.

Intestines and colon

The presence of crampy abdominal pain and
diarrhea, with or without gastrointestinal bleed-
ing, suggest the possibility of gastrointestinal
mucositis as the cause of the patient’s infection.
Enteric pathogens that cause febrile episodes in
non-neutropenic hosts should be considered,
and stool cultured for Giardia, Salmonella,
Shigella, and Cryptosporidium. Stool should also
be tested for Clostridium difficile toxin, even in
the absence of prior antibiotic therapy. Rarely,
Strongyloides may be the cause of infection, and
can lead to intestinal obstruction and
peritonitis.21 Typhilitis, or the so-called neu-
tropenic enterocolitis, is suggested by fever,
diarrhea, and abdominal pain. This syndrome
usually occurs in patients with acute leukemia
who are neutropenic and have had intensive
cytotoxic chemotherapy, and is caused by
enteric Gram-negatives, including Pseudomonas
aeruginosa.22 Other organisms in the differential
diagnosis would include, as previously men-
tioned, C. difficile colitis, CMV, and graft-versus-
host disease. Endoscopy may be occasionally
warranted to obtain appropriate material for
pathologic examination and culture. CT scans
may be useful in making the diagnosis and can
demonstrate cecal wall thickening, local intra-
mural hemorrhage, and edema of the ileum or
parts of the colon.22 For patients with massive
diarrhea, other supportive care measures such
as hydration, electrolyte replacement, and total
parenteral nutrition may be indicated.

Perirectum and groin

The patient may complain of painful defecation
or may have a history of problems with rectal
fissures or hemorrhoids. Examination of the
perirectum and groin areas may reveal discrete
erythema, induration, or fluctuance. Although
routine internal rectal exams are usually not
indicated because of concerns about inducing
bacteremia, gentle perirectal examinations
should be performed in all neutropenic febrile
cancer patients. Perirectal infections may be
associated with bacteremia, particularly with
Gram-negative organisms, and up to 10% of
these patients may present with shock.23 For
large perirectal infections, particularly those
that are fluctuant, surgical consultation for
drainage may be warranted. Cultures demon-
strate that these infections are usually polymi-
crobial, and are due to a mixture of
Gram-negative enteric organisms, anaerobes,
and enterococci. Candida infections are also
common. Perirectal infections are more com-
mon in patients with acute leukemia, particu-
larly monocytic and myelomonocytic leukemia,
compared with patients with solid tumors.23

In addition to appropriate antibiotics and
surgical drainage, analgesics and stool softeners
are indicated along with local therapy (e.g. sitz
baths).

Skin, soft tissues, and wounds

In an immunocompetent host, skin infections
are easily diagnosed owing to localized ery-
thema pain, tenderness, and the typical signs
and symptoms due to local inflammatory reac-
tions. Unfortunately, in neutropenic cancer
patients, many of these signs and symptoms are
blunted. Skin infections in neutropenic cancer
patients may be a sign of a localized process
such as an infection around a VAD, or may be
part of a hematogenous process due to bac-
teremia. Elting et al24 reviewed the relationship
between the size of soft tissue lesions and out-
comes in 163 cases of non-bacteremic soft tissue
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infections in neutropenic cancer patients. The
response rate to initial antibiotic therapy was
43% in patients whose soft tissue lesions meas-
ured more than 5 cm, compared with 87%
among those patients with smaller lesions
(p < 0.0001). Soft tissue infections of any size
with central necrosis and those more than 5 cm
in size in the setting of bacteremia have also
been found to be associated with a poor clinical
outcome.

Organisms associated with soft tissue and
wound infections include S. aureus, coagulase-
negative staphylococci, Gram-negative bacteria
(Ps. aeruginosa and Stenotrophomonas mal-
tophilia), and mixed Gram-negative/anaerobic
infections. Varicella zoster virus and HSV are
also common causes of skin infections in neu-
tropenic cancer patients. Initial evaluation of
skin infections in neutropenic cancer patients
should include aspiration and punch biopsies
of infected sites, with appropriate stains and
cultures for bacteria, fungi, and atypical
mycobacteria.

Respiratory tract

Pulmonary infections are relatively frequent
among neutropenic cancer patients. These
patients may present with cough, dyspnea, and
sputum production; however, one-third of neu-
tropenic patients with pneumonia will have no
signs of rales or other symptoms indicating a
respiratory tract infection. Owing to the lack of
an inflammatory response, a chest radiograph
is often normal during initial evaluation of
febrile neutropenic patients who present with
pneumonia.6 Patients with neutropenic pneu-
monia may present with mental status changes,
hypoxemia, and significant dyspnea. Cancer
patients with T-cell defects who are neu-
tropenic may have a dry cough, and conversa-
tional dyspnea, which suggests Pneumocystis
carinii pneumonia. Pneumonias that present at
the onset of the febrile neutropenic episode are
typically due to Gram-negative bacteria such as
Ps. aeruginosa, Klebsiella spp., and other

Enterobacteriaceae.25 Seasonal respiratory viruses
such as respiratory syncytial virus, influenza
virus, and CMV, as well as Legionella spp., may
also be important pathogens in neutropenic
cancer patients.26–29 The initial evaluation
should include blood cultures and examination
of the sputum for bacteria, fungi, and mycobac-
teria. CT scans of the chest should be con-
sidered when patients present with focal or
nodular lesions, and bronchoalveolar lavage
should be considered for those patients who
initially present with interstitial infiltrates.30

Additional laboratory tests such as fungal anti-
gen assays may be warranted in certain situ-
ations.

Urinary tract

Patients with urinary tract infections (UTIs)
typically present with complaints of dysuria,
urinary frequency, nocturia, and occasionally
hematuria. Unfortunately, because of the lack
of inflammatory response in neutropenic cancer
patients, many of these symptoms are absent.
In the absence of instrumentation of the urinary
tract, or a prior history of frequent UTIs, these
infections are a relatively infrequent cause of
fever in the neutropenic cancer patient.
Nevertheless, routine Gram stain and urine cul-
tures are warranted. Owing to the lack of
pyuria, routine urinalysis is generally con-
sidered to be a low-yield test. Obviously, the
most common causes of UTIs in neutropenic
cancer patients would include Escherichia coli
and other Gram-negative enterics; however,
enterococci also need to be considered, since
many of the initial empiric antibiotic regimens
do not provide adequate enterococcal coverage.

RISK ASSESSMENT

Although the value of risk assessment in the care
of patients with fever and neutropenia is well
established, ‘risk’ has meaning only when the
outcome of interest is specified. Risk assessment
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implies arranging patients along a spectrum of
risk – but a risk of what? In various fever and
neutropenia contexts, risk has been defined as
the likelihood of developing clinical infection,1

serious bacterial or fungal infection,31–33 a con-
dition indicating medical instability, whether or
not infection-related,34,35 an incomplete clinical
response to an initial antibiotic regimen,36 or an
effective but slower resolution of infection.37

The varied definition of risk does not indicate
muddled research, but rather the flexibility of
the risk assessment methodology: the outcome
can and should vary, depending on the clinical
question. For example, when patients are being
considered for outpatient treatment settings
where medical surveillance is reduced and thus
detection of new problems potentially delayed,
any evidence of medical instability may be per-
tinent, while, when antibiotic drug regimens
are being compared, prompt resolution of infec-
tion is the appropriate outcome of interest. The
purpose of risk assessment at the time of the
initial clinical evaluation is to substratify this
heterogeneous population into rational groups
based upon clinically meaningful outcomes.

The Talcott clinical prediction rule

Talcott and colleagues34 were the first to
develop a formal clinical prediction rule based
upon statistical methods to stratify this hetero-
geneous patient population. They asked an
important clinical question: are there easily
identifiable factors that, when present on day
one of the initial febrile episode, predict
adverse outcomes during the remainder of the
episode? Their goal was to identify a low-risk
patient group defined by the absence of identi-
fiable medical instability during the febrile neu-
tropenic episode, using information available
within 24 hours of presentation. To define
‘medical instability’, they identified events or
conditions that they labeled ‘major medical
complications’. The investigators specified a
number of these that required close medical
attention or intervention, such as systemic

hypotension, prolonged or heavy bleeding, a
new cardiac dysrhythmia, altered mental
status, or any other condition that required
observation or intervention. These states were
not confined to those resulting directly or indi-
rectly from severe infections, although
infection-related problems predominated. In
order to assess risk more comprehensively, they
included serious complications that were
related to the patient’s underlying malignancy
or comorbid condition. A patient who is med-
ically stable from the standpoint of infection but
develops serious acute gastrointestinal bleeding
during a febrile neutropenic episode would be
a poor candidate for outpatient management.

In a retrospective study of 261 episodes of
fever and neutropenia over 12 months, 22%
resulted in one or more major medical compli-
cation. This one-in-five risk of a serious medical
event empirically justified the standard policy
of keeping all patients with fever and neutrope-
nia in the hospital. However, most of these seri-
ous medical complications occurred in patients
who were identified as having one of the
following risk factors: those who were inpa-
tients at the time at which fever and neutrope-
nia developed (group I), evidence of another
significant comorbid condition that indepen-
dently justified hospitalization within 24 hours
of presentation with fever and neutropenia
(group II); or evidence of uncontrolled cancer
(group III), defined as either acute leukemia not
in documented complete remission or another
cancer that had progressed either clinically or
radiologically during the most recent evaluable
chemotherapy regimen. These patients (groups
I–III) had a complication rate of 36%, and 20%
died (Table 8.2). The remaining patients with-
out any one of these indicators of high risk
(group IV) appeared to have a very low risk of
serious medical complications (2%), and none
of them died. The low-risk group was large:
70% of patients who developed fever and neu-
tropenia as outpatients. When indicators of
these high-risk groups were put into a multiple
logistic regression model with the occurrence of
any serious medical complication as the depen-
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dent variable, they were so dominant (all fac-
tors significant p < 0.0001) that other factors
conventionally associated with high risk, such
as the diagnosis of acute leukemia (p < 0.0001),
greater age (p < 0.0001), and more severe neu-
tropenia (p < 0.0001), remained only marginally
significant.34

To validate this prediction rule, these investi-
gators prospectively evaluated the high-risk cri-
teria in an additional population, including not
only patients at the original site, the Dana-
Farber Cancer Institute in Boston, but also
cancer patients at the Miriam Hospital in
Providence, Rhode Island. In this confirmatory
study, clinical reviewers without access to
information on the patients’ clinical course after
the initial 24-hour evaluation period assigned
patients to one of the four risk groups. Other
reviewers blinded to the initial 24-hour period
determined whether or not a major medical
complication subsequently occurred. These
results confirmed the initial model, although
the risk difference between the high-risk groups
and the remaining low-risk patients decreased.
Patients in groups I–III were more likely than
those in group IV to have any medical compli-
cation, multiple medical complications, and
death (25% versus 5%, 13% versus 0%, and 9%

versus 0%, respectively).35 Of the five group IV
patients with complications, one appeared to
be a documentation error, one had transient
hypotension within minutes after the 24-hour
observation period, and three developed unam-
biguous medical complications seven or more
days after admission, an apparently adequate
period for detection by an appropriate program
of medical follow-up. The combined data for
outcomes of the derivation set and validation
set of this clinical prediction rule are shown in
Table 8.3.

As a result of this work, clinicians had access
to a clinical decision rule allowing them to
identify a large group of low-risk patients
within 24 hours of presentation with fever and
neutropenia. This low-risk group (Talcott group
IV) of patients appeared to have a low enough
risk of medical instability to make them appro-
priate candidates for clinical trials of programs
of outpatient medical management, where
medical surveillance could only be episodic
rather than the continued observation permit-
ted by inpatient care. These criteria were used
as entry criteria for a pilot study and a subse-
quent randomized trial of home intravenous
antibiotic therapy by these investigators.38 Some
concerns were raised that the Talcott clinical
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Table 8.2 Outcomes of patient groups: Talcott derivation study34

Percentage Number of Serious
Patient group of total patients complications Death

Inpatients (group I) 39 101 34 (34%) 23 (23%)

Outpatients with concurrent 8 22 12 (55%) 3 (14%)
comorbidity (group II)

Outpatients with uncontrolled 10 26 8 (31%) 4 (15%)
cancer (group III)

Low-risk outpatients (group IV) 43 112 2 (2%) 0 (0%)

All patients 100 261 56 (21%) 30 (11%)



prediction rule was derived and validated with
patients mostly from a single center.39 In addi-
tion, sensitivity, specificity, and misclassifica-
tion rates for the Talcott model were never
reported.

The MASCC Risk Index

The Multinational Association for Supportive
Care in Cancer (MASCC) Study Section on
Infections developed an internationally vali-
dated scoring system to identify low-risk
patients in a prospective cohort study.40

Between December 1994 and November 1997,
this group gathered information on 1351
patients at 20 institutions in 15 countries. After
excluding patients with undocumented fever,
neutropenia, or prior cytotoxic chemotherapy,
1139 patients were analyzed. The derivation
and validation sets were developed by random
allocation of participating institutions rather
than patients, greatly enhancing the generaliz-
ability of the results compared with commonly
used statistical approaches, such as bootstrap-
ping.41 Using a multiple logistic regression
analysis, the authors identified eight statisti-
cally significant risk factors, including baseline

demographic characteristics (age < 60 years,
solid tumor), past medical history (no chronic
obstructive pulmonary disease, no prior fungal
infection, outpatient status at the time of pre-
sentation with fever and neutropenia), clinician
assessment of overall patient status (no symp-
toms or mild symptoms or moderate symptoms
indicating overall burden of illness) (Figure
8.1), and the absence of particular acute patho-
logical states (no hypotension and no dehydra-
tion) (Table 8.4).

Based on the coefficient of each risk factor in
the multiple regression derivation model, a
scoring system was developed, allowing users
of the index to vary the threshold for designat-
ing patients at low risk (Table 8.5). Increasing
scores indicated lower levels of risk. Using the
optimal cutoff of 21 points, the group were able
to identify 80% of patients who subsequently
proved not to have a complication (sensitivity
0.80), with an overall complication rate among
low-risk patients of 6%. However, raising the
threshold one point to 22 resulted in signifi-
cantly fewer patients identified as at low risk,
with the sensitivity falling from 80% to 57%,
although associated with a lower complication
rate of 3% among low-risk patients. In contrast,
the Talcott clinical prediction rule, designed to
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Table 8.3 Outcomes of patient groups: Talcott combined derivation and validation studies34,35

Percentage Number of Serious
Patient group of total patients complications Death

Inpatients (group I) 52 369 128 (37) 48 (13)

Outpatients with concurrent 9 65 26 (40) 8 (12)
comorbidity (group II)

Outpatients with uncontrolled 8 55 14 (25) 8 (15)
cancer (group III)

Low-risk outpatients (group IV) 31 216 7 (3) 0 (0)

All patients 100 705 175 (25) 64 (9)
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No signs or
symptoms

Mild signs or
symptoms

Moderate signs
or symptoms

Severe signs
or symptoms

Moribund

Estimate the burden of illness, considering all comorbid conditions

How sick is the patient at presentation?

Figure 8.1 Visual analog score used in the MASCC Risk Index to measure burden of illness. No or mild
symptoms corresponds to 5 points in the scoring system.

Table 8.4 Multiple logistic regression model based on 746 episodes of fever and neutropenia40

Characteristic Coefficient OR (95% CI)a p value

Burden of illness:
No or mild symptoms 2.1 8.2 (4.2–16.4) <0.001
Moderate symptoms 1.3 3.7 (2.2–6.3) <0.001

No hypotension 2.0 7.6 (2.9–19.9) <0.001
No chronic obstructive pulmonary disease 1.7 5.3 (1.9–15.5) <0.002
Solid tumor or no previous fungal infection 1.6 5.1 (2.0–12.9) <0.001
No dehydration 1.3 3.8 (1.9–7.7) <0.001
Outpatient status 1.2 3.5 (2.0–6.0) <0.001

a OR, odds ratio; 95% CI, 95% confidence interval.

Table 8.5 MASCC Risk Index scoring system40

Characteristic Weight

Burden of illness: no or mild symptoms 5
No hypotension 5
No chronic obstructive pulmonary disease 4
Solid tumor or no previous fungal infection 4
No dehydration 3
Burden of illness: moderate symptoms 3
Outpatient status 3
Age < 60 years 2

Note: Points attributed to the variable ‘burden of illness’ are not cumulative. The maximum theoretical score is therefore 26.



be conservative in designating patients at low
risk, identified 32% of patients without subse-
quent complications and a 4% complication rate
in patients designated as at low risk. The rela-
tionship between sensitivity and specificity in
the derivation set of 756 patients for the
MASCC Risk Index in comparison with the
Talcott model can be demonstrated in graphic
format (Figure 8.2).

In the validation set, a MASCC Risk Index
score of 21 points identified 71% of patients
without subsequent complications, with a 9%
complication rate among designated low-risk
patients. Using a threshold of 22 points, the sen-
sitivity dropped to 47%, and the complication
rate fell to 6%. The Talcott rule, which excluded
all inpatients, identified only 30% of those
patients with no complications as at low risk,
with a 7% complication rate. Of interest, when
the Talcott criterion of outpatient status was
added to the MASCC scale using the authors’
preferred threshold of 21, the sensitivity fell to
46% of all patients without complications, while
the complication rate decreased to 6%. A com-
parison of the performance of the Talcott clini-
cal prediction rule with the MASCC Risk Index
for the validation set at a score of 21 is shown in
Figure 8.3.

The development of the MASCC Risk Index
represented an important advance in the gen-
eralizability of clinical prediction rules.
Developed and tested in a broad range of clini-
cal settings internationally, the study sharply
reduced concerns regarding limited geographic
applicability raised by the northeastern USA
origins of the clinical prediction rule by Talcott
and colleagues. The study also demonstrated the
validity of the Talcott criteria in an international
setting. The MASCC Risk Index increased the
group of patients at low risk, expanding the
potential patient population for less aggressive
treatments, such as oral antibiotic regimens or
outpatient management. The large difference in
performance of the MASCC Risk Index associ-
ated with small changes in the numerical cutoff
raises some concern about its robustness.
However, the Index provides a flexible, valid
clinical prediction rule developed and validated
in a very broad range of clinical circumstances,
and variation in individual beliefs about the
proper threshold is made possible by the
numerical form of its results. While its complex-
ity may limit its use in routine clinical practice,
it could easily be incorporated into prospective
clinical trials. Currently, the Index is being used
in two clinical trials based in Brussels.42
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Figure 8.2 Sensitivity versus specificity for the MASCC Risk Index compared with the Talcott model (derivation
set N � 756).



Risk assessment has been an integral part in
the management of cancer patients with fever
and neutropenia since its initial development.
Through the years, there has been a steady
increase in the methodological sophistication of
risk-assessment studies, as well as in our formal
understanding of how to integrate the process
into clinical care. Risk assessment has provided
powerful management tools for clinicians, and
will likely continue to do so in the future.
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9
Risk-adjusted management of the febrile
neutropenic cancer patient
Edward B Rubenstein, Kenneth VI Rolston

INTRODUCTION

Chapter 4 discussed the evolution of clinical
prediction rules or statistically derived models
for determining risk during the febrile neu-
tropenic episode. Since the original paper by
Bodey et al1 describing the relationship between
the circulating neutrophil count and the inci-
dence of infections in patients with acute
leukemia, clinicians have used clinical trials
methodology to improve treatment for these
patients, and have made observations about
factors that influence the risk of good or bad
outcomes during the febrile episode. A compar-
ison of the characteristics of the two methods
for determining risk stratification is shown in
Table 9.1. In this chapter, we shall discuss sev-
eral of these factors and provide an overview of
the clinical-trials-based methods for risk-
adjusted therapy in patients with fever and
neutropenia.

OUTCOME AS A FUNCTION OF THE INITIAL
AND CHANGING NEUTROPHIL COUNT

As early as 1966, the fatality rate due to severe
infection in patients with acute leukemia was

noted to be linked to the change in neutrophil
count during the first week of infection.1 Table
9.2 clearly demonstrates this relationship. The
fatality rate was highest (80%) in patients who
initially started with absolute neutrophil counts
(ANC) � 100/mm3 that did not change during
the first week of infection, compared with
those patients who started out with ANC
� 1000/mm3 that then rose to 	1000/mm3

(27%). Many clinical trials have reported that
response rates to antibiotic regimens are
strongly influenced by the trend in the neu-
trophil count during the febrile episode.2–5 In a
randomized trial of 520 evaluable febrile neu-
tropenic episodes treated with carbenicillin
plus gentamicin, amikacin or sisomicin, the
overall response rate was higher (85%) when
the neutrophil count rose, compared with when
it remained stable or decreased (59%)
(p � 0.001).2 Thirteen years later, using more
modern antibiotics, Rolston and colleagues5

confirmed the influence of a rising neutrophil
count on response rates in 750 febrile neu-
tropenic episodes in 567 patients treated with
imipenem or ceftazidime with or without
amikacin. In this study, the overall response
rate was 73% if the initial neutrophil count rose,
compared with 43% if it decreased or remained



unchanged (p � 0.00001). The response rate in
patients who were initially profoundly neu-
tropenic (ANC � 100/mm3), but recovered from
neutropenia was 67%, compared with only 32%
in patients who remained profoundly neu-
tropenic (p � 0.0001). Clearly, bone marrow
recovery is a very important factor that influ-
ences outcome during the febrile neutropenic
episode. Unfortunately it cannot be predicted at
the time of initial evaluation and is of little use
in helping to risk-stratify patients. Delayed
bone marrow recovery might be anticipated in
certain patient subsets (e.g. those who have
received multiple cycles of myelosuppressive
chemotherapy, those with known bone marrow
metastases, or those who have received radia-
tion therapy to the pelvis, spine, or long bones).

HOW DOES DURATION OF NEUTROPENIA
INFLUENCE RISK?

In 1988, Rubin et al6 published a study from the
US National Cancer Institute (NCI) examining

the influence of the duration of neutropenia on
the response to empiric antimicrobial therapy
and other important clinical outcomes in
patients with fever of undetermined origin
(FUO). Patients with less than 7 days of neu-
tropenia had response rates to initial antimicro-
bial therapy of 95%, compared with only 32% in
patients with more than 14 days of neutropenia
(p � 0.001), whereas patients with intermediate
durations of neutropenia of between 7 and 14
days had response rates of 79%. These out-
comes are shown in Table 9.3. At greatest risk
are patients with acute leukemia and recipients
of high-dose chemotherapy with stem cell or
bone marrow transplantation, because the
duration of severe neutropenia often exceeds 15
days. In contrast, most patients with solid
tumors have neutropenia lasting less than 7–10
days and are at much lower risk. Unfortunately,
using duration of neutropenia as a decision rule
at the onset of the febrile episode precludes its
use in identification/management of the low-
risk patient: determining the duration of neu-
tropenia is not possible until the neutropenia
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Table 9.1 Risk assessment in febrile neutropenia

Clinical prediction rule(s) Clinical trial(s)

Methods • Statistical (logistic regression) • Pilot study – feasibility
• Training set (derivation) • Phase II – reproducibility
• Validation set • Phase III – compare with standard of care

Endpoints • Serious medical complication(s) • Response rate(s)
• Death • Adverse events

Advantages • Large population – ‘all comers’ • Clinicians familiar with methods
• Representative of true population • Well-defined eligibility and methodology

Limitations • Still needs testing in clinical trials • Generalizibility of results
• Prognostic factors derived from secondary

analyses



has resolved. Pizzo and colleagues7 refined the
criterion from ‘duration of neutropenia’ to
‘expected duration of neutropenia’. Presently,
clinicians cannot accurately predict the
expected duration of neutropenia at the onset of
the febrile episode, although patients with solid
tumors receiving conventional-dose chemother-
apy are likely to have neutropenia lasting less
than 7 days in the majority of cycles after
chemotherapy. Observational studies are being
conducted to add this important variable to
current risk models.

PROGNOSTIC FACTORS IN PATIENTS WITH
BACTEREMIA

Elting and colleagues8 conducted an extensive
analysis of 909 episodes of bacteremia in 799
febrile neutropenic cancer patients based upon
10 consecutive published randomized clinical
trials of empiric antibiotic therapy3,5,9–16 con-
ducted at the University of Texas MD Anderson
Cancer Center between 1980 and 1993. These
trials in adults were prospectively conducted

and had similar eligibility criteria. Five out-
comes were reported for each episode: response
to the initial antibiotic regimen, ultimate out-
come of the infection, time to defervescence,
duration of antibiotic therapy, and survival. In
an initial analysis, bacteremic patients were
subclassified according to the presence and
amount of tissue involvement (simple versus
complex) at the onset of the infectious episode.
Table 9.4 shows the classification scheme used
to distinguish simple from complex bac-
teremias. Twenty-one prognostic factors were
studied, including demographic variables (age
and gender), underlying malignancy/treatment
(cancer diagnosis and bone marrow transplan-
tation), clinical features at presentation/during
therapy (shock, initial levels of serum crea-
tinine, albumin, bilirubin, and serum trans-
aminases, and neutrophil count/trend),
infection-related variables (associated site of
infection, size of soft-tissue lesions, necrosis,
organism, and susceptibility to antibiotics), and
treatment factors (initial antibiotic regimen,
number of antibiotics, vancomycin use, and
schedule of antibiotics).
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Table 9.2 Fatality rate of severe infections related to change in granulocyte level during the first
week of infectiona

Granulocyte level Episodes

Initial ANC/mm3 Change Total number Percentage fatal

�100 None 15 80

�1000 None or fall 44 59

�1000 Rise, but still �1000 15 40

�1000 Rise to 	1000 26 27

	1000 Rise 44 32

a Adapted from Bodey GP, Buckley M, Sathe YS, Freireich EJ, Quantitative relationships between circulating leukocytes and
infection in patients with acute leukemia. Ann Intern Med 1966; 64: 328–40.



Results of the logistic regression for this
analysis are shown in Figure 9.1 and Table 9.5
for the initial response (the point at which the
initial antibiotic regimen was discontinued or
modified) and the ultimate outcome for the
episode. Certain factors, such as age, leukemia,
prior bone marrow transplant, hematologic
malignancy versus solid tumor, serum albumin,
presence or absence of shock, and complex bac-
teremia, are either known or highly suspected
early after the onset of the febrile episode, and
can be used to stratify patients into high-risk
subsets. The prognostic significance of complex
infection associated with bacteremia on sur-

vival is demonstrated in Figure 9.2. At 21 days,
20% of patients with complex bacteremias were
dead, compared with only 5% of patients with
simple bacteremias (p � 0.0001). Other key
findings from this study included the observa-
tion that the median time to defervescence for
patients with simple bacteremias was half that
observed for patients with complex bacteremias
(2.5 days versus 5.3 days; p � 0.0001). As noted
previously, response rates were strongly influ-
enced by the trend in the neutrophil count dur-
ing the febrile episode. Patients with complex
bacteremias who were profoundly neutropenic
(ANC � 100/mm3) at the onset of their febrile
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Table 9.3 Clinical outcomes of patients with fever of unknown origin according to duration of
neutropeniaa

Low-risk Moderate-risk High-risk 
neutropenia: neutropenia: neutropenia:
�7 days 7–14 days 	14 days 
(331 patients) (166 patients) (93 patients)

Time to defervescence (days):
Median 2 4 5
Range 1–7 4–14 1–30

Recurrent fever 2 (0.6%) 2 (0.6%) 35 (38%)

Success without 315 (95%) 131 (79%) 30 (32%)
modification of initial
empiric antibiotic
regimen

Success with 14 (4%) 32 (19%) 60 (65%)
modification of
initial regimen

Death 2 (1%) 3 (2%) 3 (3%)

a Adapted from Rubin M, Hathorn JW, Pizzo PA, Controversies in the management of febrile neutropenic cancer patients.
Cancer Invest 1988; 6: 167–84.



episode and did not experience neutrophil
recovery had a 63% response rate compared to
86% for those patients whose neutrophils rose
to ANC 	 1000/mm3 (p � 0.04). Profoundly
neutropenic patients with simple bacteremias
had a much higher response rate to antibiotics
(94% versus 70%, p � 0.0001) compared to
patients with complex bacteremias.

Based upon these and other studies, clinical
criteria can be used to stratify patients into high-
, moderate-, and low-risk strata shortly after the
onset of the febrile neutropenic episode. These
clinical criteria are reviewed in Table 9.6. These
criteria in one combination or other have been
used to select patients for risk-adjusted clinical
trials of antibiotic therapy as described in subse-
quent sections of this chapter.

TREATMENT OF HIGH-RISK PATIENTS

There is uniform agreement that high-risk neu-
tropenic patients (see Table 9.6) need to be
treated using standard, hospital-based, par-

enteral, broad-spectrum, empiric antibiotic
therapy for the entire febrile episode.17 The vari-
ous benefits of this approach, and the many
treatment options, including combination ther-
apy and monotherapy, are discussed in detail
in Chapters 1, 6, 7, and 14. There is also general
agreement that many patients do not fall into
the high-risk category, and that although
improvements in the methods for identifying
such patients accurately at the onset of a febrile
episode still need to be made, alternative treat-
ment strategies for moderate- and low-risk
patients might be associated with substantial
advantages and need to be explored.18

ORAL ANTIBIOTIC THERAPY – HISTORICAL
PERSPECTIVES

The feasibility of oral therapy administered in
the hospital was first demonstrated two
decades ago with the use of trimethoprim/sul-
famethoxazole in febrile neutropenic patients.19

This experience was not limited to ‘low-risk’

RISK-ADJUSTED MANAGEMENT OF THE FEBRILE NEUTROPENIC CANCER PATIENT 171

Table 9.4 A classification scheme for bacteremic febrile neutropenic cancer patientsa

Concomitant site of infection

Simple bacteremia Complex bacteremia

• Bacteriuria • Major organ:
• Otitis Lungs
• Pharyngitis Liver/spleen
• Soft tissue infection �5 cm Kidneys

Colon
Bones/joints
Veins/heart/meninges

• Soft tissue infection, wound, or cellulitis 	5 cm
• Soft tissue infection any size with necrosis

a Adapted from Elting LS, Rubenstein EB, Rolston KVI, Bodey GP. Outcomes of bacteremia in patients with cancer and
neutropenia: observations from two decades of epidemiological and clinical trials. Clin Infect Dis 1997; 25: 247–59.
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WBC recovery
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Figure 9.1 Results of logistic regression analysis of factors predicting the outcome of initial antibiotic therapy
for and the ultimate outcome of infection in neutropenic patients with cancer and bacteremia who were enrolled
in 10 clinical trials.8 An odds ratio of greater than 1 indicates a greater risk of therapeutic failure; a value of
less than 1 suggests a protective effect.

patients, and, although moderately successful,
the most significant drawback of this approach
was the lack of activity of trimethoprim/sul-
famethoxazole against Pseudomonas aeruginosa,
a frequent and aggressive pathogen in neu-
tropenic patients. This was overcome with the
development of the newer synthetic quinolones
(ciprofloxacin and ofloxacin), and oral therapy
became a potential option even for patients
with severe neutropenia. Early experience with
oral ciprofloxacin at the MD Anderson Cancer
Center was associated with an overall response

rate of 85%.20 More recently Malik et al21 com-
pared several standard parenteral regimens in
use at the Aga Khan University Hospital,
Karachi, Pakistan (amikacin plus piperacillin,
carbenicillin, or cloxacillin) with oral ofloxacin
(400 mg bid) in a prospective randomized trial
of hospitalized neutropenic patients with fever
who were able to tolerate oral therapy. The
response rates to the original regimen (53%)
were identical for oral ofloxacin and parenteral
therapy. The overall response rate (including
response after modification of the original regi-



men) was 73% for patients treated with par-
enteral therapy and 77% (not statistically
significant) for patients treated with oral
ofloxacin. These data were encouraging, since
these studies were not limited to low-risk
patients, creating the expectation that better
response rates might be seen in low-risk patients.

THE EMERGENCE OF OUTPATIENT THERAPY
FOR LOW-RISK PATIENTS

The original impetus for exploring outpatient
therapy was provided by the availability of
computerized small-volume infusion pumps,
which were being used to deliver outpatient
chemotherapy. These had been tailored for out-
patient parenteral antibiotic therapy of various
infections in the general medical population
(e.g. endocarditis, osteomyelitis, and diabetic
soft-tissue infections). Furthermore, it was pos-
tulated that outpatient therapy for febrile neu-
tropenic patients, if proven to be safe and
effective, might improve the quality of life of
cancer patients and their caregivers/family by

limiting the amount of time patients spent in
the confines of the hospital. Some investigators
also theorized that the risk of nosocomial infec-
tions and potential iatrogenic complications
might outweigh the benefits of inpatient
therapy for low-risk patients. Another com-
pelling reason to pursue this line of clinical
investigation was the promise of reducing the
cost of healthcare for this common complication
of chemotherapy, with the principal premise
being that oral outpatient therapy would be the
least expensive method, if such therapy could
be administered safely. In the late 1980s, the
basic assumption made by the majority of clini-
cians caring for febrile neutropenic patients was
that the hospital was the safest place to treat
such patients, and that one must demonstrate
that other settings are ‘as safe as’ the hospital
before they are accepted as part of the standard
of care.

Several pieces of information have recently
come to light indicating that this assumption
is probably erroneous. Data presented at the
4th Decennial International Conference
on Nosocomial and Healthcare-Associated
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Infections (Atlanta, GA, March 2000) has
demonstrated that each year, approximately
two million patients in the USA acquire infec-
tions while hospitalized for other conditions.
These infections account for 88 000 deaths and
cost more than 4.6 billion dollars. Additionally,
at least 70% of these healthcare-associated
infections diagnosed in hospitals are caused by
bacteria that are resistant to at least one antimi-
crobial agent generally used for the treatment
of such infections, and an increasing proportion
of hospital-acquired isolates are multidrug-
resistant.22 These data also demonstrate that
although similar infections occur at other sites

of healthcare delivery, such as nursing homes,
dialysis centers, outpatient clinics, and patients’
homes, they are much less frequent in a home-
care setting than in a hospital or long-term care
setting (1% versus 5%). Early discharge from
the hospital to an outpatient clinic or homecare
setting might, therefore, substantially reduce
the frequency of resistant healthcare-associated
infections, particularly in patients who are
otherwise at very low risk of developing com-
plications that require hospital-based monitor-
ing.

Another disturbing document is the report
entitled To Err is Human, produced by the
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Table 9.5 Prognostic factors for bacteremia in neutropenic patients with cancer who were enrolled in
10 clinical trialsa

Factor No. of Initial p value Ultimate p value
episodes response response

rate (%) rate (%)

Complex bacteremiab 138 38 73
Simple bacteremiab 771 74 �0.0001 94 �0.0001
Shock 34 35 41
No shock 875 70 �0.001 93 �0.001
Resistant organism 62 50 83
Susceptible organism 748 70 �0.001 92 �0.02
Leukemia 516 63 89
Other hematologic malignancies 152 74 �0.0002 94 �0.07
Solid tumor 241 77 93
BMTc 189 59 88
No BMT 720 71 �0.002 92 �0.11
Age �50 years 423 73 92
Age �50 years 486 64 �0.006 90 �0.33
Albumin level �3.5 g/dl 711 66 90
Albumin level �3.5 g/dl 198 77 �0.005 96 �0.01

a Adapted from Elting LS, Rubenstein EB, Rolston KVI, Bodey GP, Outcomes of bacteremia in patients with cancer and
neutropenia: Observations from two decades of epidemiological and clinical trials. Clin Infect Dis 1997; 25: 247–59.
b See Table 9.4.
c Bone marrow transplantation.



Institute of Medicine.23 This report focuses on
several studies conducted across the USA, and
points out that the frequency of adverse events
in US hospitals ranged between 2.9% and 3.7%
of hospitalizations, and that between 8.8% and
13.6% of these events led to deaths.24,25

Furthermore, over half of these adverse events
resulted from medical errors that could have
been prevented. When extrapolated to the more

than 33.6 million admissions to US hospitals in
1997, these studies imply that between 44 000
and 98 000 Americans die each year as a result
of medical errors. Although medical errors
occur in all healthcare settings, the report also
points out that four out of five such events
occur in the hospital, with the rest occurring in
physicians’ offices, other non-hospital settings,
or patients’ homes. These data again suggest
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Table 9.6 Clinical risk stratification and guidelines for risk-adjusted therapy of febrile neutropenic
patients

Risk group Patient characteristics Treatment options

High-risk Hematologic malignancy Traditional, empiric broad-
Allogeneic bone marrow transplantation spectrum, parenteral antibiotics
Severe and prolonged neutropenia (	14 days) for duration of febrile episode.
Significant comorbidity or poor performance status Consider colony-stimulating
Presentation with shock, hypoalbuminemia, or factors
complex infection
Slow response to initial therapya

Moderate-risk Solid tumor → intensive chemotherapy → Initial, parenteral, in-hospital
autologous bone marrow or hematopoetic stem cell therapy, followed by early
transplantation discharge on parenteral or oral
Moderate duration of neutropenia (7–14 days) regimen
Clinically/hemodynamically stable, with minimal
comorbidity
Early response to initial therapya

Low-risk Solid tumor Outpatient therapy (parenteral,
Conventional chemotherapy sequential, or oral)
Short duration of neutropenia (�7 days)
No comorbidity
Fever of unknown origin or simple
infection
Clinically and hemodynamically stable

a Although these responses are typical in high/moderate-risk patients, they cannot be used on day 1 to assign a particular
patient to either risk group, since response to antibiotics is often not determined until 72–96 hours after the initiation of
antibiotic therapy.



that the hospital is not necessarily the safest
place to deliver healthcare, and provide further
impetus for the evaluation of non-hospital-
based settings for healthcare delivery. Insist-
ence upon clinical trials that compare
hospital-based treatment with that delivered in
non-hospital-based settings before accepting
the latter as a standard of care seems counter-
intuitive, since such trials would expose a sub-
stantial number of low-risk patients to the
hazards of hospitalization. Fortunately, a
significant amount of progress has been made
in the development and evaluation of altern-
ative strategies, including the route(s) of anti-
biotic administration and the setting(s) in which
therapy is delivered. These are discussed
below.

EARLY DISCHARGE AFTER INITIAL
HOSPITALIZATION

Using their prediction model to select low-risk
patients, Talcott et al26 conducted a pilot study
evaluating early discharge on parenteral antibi-
otics after an initial 48-hour hospitalization
period. Patients with significant infections
(pneumonia, bacteremia, urinary tract infec-
tion), and those aged 65 years or more were
excluded, even if they were predicted to be
low-risk. The initial hospital-based regimens
included mezlocillin plus gentamicin, or
monotherapy with ceftazidime. After 2 days of
this therapy, stable patients were discharged to
receive the same parenteral regimen at home,
with daily home follow-up by a nurse. Patients
were readmitted if fever persisted or if compli-
cations arose. Of the 30 patients treated in this
manner, 16 (53%) responded to the original reg-
imen. Five patients were readmitted for persis-
tent fever, and four developed serious
complications such as renal failure, hypoten-
sion, and bacterial and fungal superinfection.
There was a documented improvement in the
patients’ quality of life and a 44% reduction in
daily medical charges for patients receiving
home antibiotics. Despite these favorable out-

comes and the fact that there were no deaths
during this trial, the high rate of readmission
(30%) and alteration of the initial regimen
raised some doubts about the practical applica-
tion of Talcott’s prediction model. Perhaps the
inclusion of patients with acute leukemia
and/or persistent neutropenia of more than 7
days (5 patients (17%) had neutropenia of 13–36
days duration) accounts for the disappointing
results of this pilot study. A newer prediction
model has been developed by the Multinational
Association for Supportive Care in Cancer
(MASCC), which is an improvement over
Talcott’s model and has a lower misclassifica-
tion rate.27 In this model, one of the factors pre-
dictive of low risk is the presence of a solid
tumor. Models to better predict the duration of
severe neutropenia are also being developed,
and should further enhance our risk-assessment
capabilities. Until these models have been
developed and validated, it might be prudent
to exclude patients with hematologic malig-
nancies from those considered low-risk. Most
patients who are stable enough to be dis-
charged will probably have their parenteral
regimen changed to an oral one, and parenteral
home antibiotic therapy will probably be 
limited to stable patients who are unable to tol-
erate oral therapy because of factors such as
mucositis.

HOSPITAL-BASED ORAL ANTIBIOTICS FOR
LOW-RISK PATIENTS

Two recently published prospective random-
ized trials compared oral antibiotic therapy
with standard parenteral regimens in hospital-
ized, low-risk, febrile neutropenic patients.28,29

In the trial conducted by the International
Antimicrobial Therapy Cooperative Group of
the European Organization for Research and
Treatment of Cancer, equivalence was
demonstrated in the comparison of intravenous
ceftriaxone plus amikacin (84% success rate)
and oral ciprofloxacin plus amoxicillin/clavu-
lanate (86% success rate). The frequency of
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adverse events including death (related or
unrelated to infection) was also similar for both
regimens.28

In the trial from the NCI and allied institu-
tions, the oral regimen of ciprofloxacin plus
amoxicillin/clavulanate and the intravenous
regimen of ceftazidime monotherapy were also
associated with similar success rates (71% and
67% respectively). There was a higher rate of
intolerance of the oral regimen (16%), in com-
parison with the intravenous regimen (1%).
There were no deaths in either arm of this
study. Patients with hematologic malignancies
were eligible for both of these trials, and
although the mean duration of neutropenia
after the onset of infection was approximately 4
days, several patients had prolonged neutrope-
nia (14–18 days), which may have contributed
to the failure of the initial regimen and to intol-
erance of the oral regimen, and led to the modi-
fication of therapy in some patients.

The equivalence of oral and parenteral ther-
apy demonstrated in these and other smaller
trials may have significant implications for the
management of neutropenic patients with
fever, particularly in countries with limited
resources. In the USA, and other countries with
similar reimbursement and legal systems, hos-
pital-based oral antibiotic therapy will probably
not enjoy widespread use. In reality, most
patients who are able to tolerate oral therapy
and are clinically stable can probably be
discharged from the hospital and treated as
outpatients. A small number may require hos-
pitalization for medical reasons not related to
their febrile episode, or might live alone and be
unable to adequately care for themselves. Such
patients might benefit from hospital-based oral
antibiotic therapy.

EARLY DISCHARGE ON ORAL THERAPY

The availability of expanded-spectrum oral
quinolones has also enabled clinicians to switch
from parenteral regimens in the hospital to oral
regimens upon discharge, for moderate-risk

patients after an initial period of stabilization in
the hospital.18 This strategy is known as sequen-
tial, early-switch, or stepdown therapy. Several
clinical trials have successfully demonstrated
the utility of this approach. In a multicenter
randomized trial, comparing ceftazidime plus
amikacin with ciprofloxacin plus azlocillin for
empiric therapy of febrile neutropenia, early
conversion to orally administered ciprofloxacin
was compared with continuation of the par-
enteral regimen in patients showing initial
response.30 Conversion to orally administered
ciprofloxacin was possible for 65% of eligible
study patients after a mean of 6 days of par-
enteral therapy, resulting in cost savings and
shortened hospital stays. In another trial con-
ducted at the NCI, febrile neutropenic patients
who defervesced within 72 hours of receiving a
parenteral regimen (imipenem or ceftazidime)
were randomized either to continue parenteral
antibiotics or complete therapy with oral
ciprofloxacin.31 Twenty-four of 27 evaluable
episodes (89%) in patients randomized to
receive parenteral therapy, and 22 of 29
episodes (76%) in patients switched to oral ther-
apy, were successfully managed without any
further changes in antibiotic therapy or read-
mission to the hospital. A number of other
studies, somewhat limited in size, suggest that
there is a role for the strategy of switching from
parenteral to oral antibiotics, enabling early
discharge in selected febrile neutropenic
patients.32,33 Although many low-risk patients
can be managed safely with initial outpatient
treatment, sequential therapy with early dis-
charge might offer a more comfortable manage-
ment plan for some, particularly those with
nausea or mucositis, which might limit oral
intake at the onset.

OUTPATIENT ORAL ANTIBIOTIC THERAPY

Several trials conducted over the past decade
have demonstrated the efficacy of outpatient
antibiotic therapy for febrile neutropenic
patients. In a study conducted in Pakistan,
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Malik and colleagues34 supplied oral ofloxacin
(400 mg bid) for self-administration to low-risk
neutropenic patients (patients with non-hema-
tologic malignancies and an expected duration
of neutropenia of less than 1 week) who were
unable to afford hospitalization or lived too far
away from the oncology center when they
developed their febrile episode. Of the 111
febrile episodes treated in this manner, 92 (83%)
responded without hospitalization, and the
overall response rate to antibiotic therapy was
97%. In a subsequent study, these same investi-
gators compared inpatient and outpatient ther-
apy with oral ofloxacin in low-risk febrile
neutropenic patients.35 Overall, 78% of inpa-
tients and 77% of outpatients responded to the
initial regimens and required no modification
of therapy. The mortality rate was 2% among
inpatients and 4% among outpatients. Both of
these studies demonstrated relatively high
response rates, most probably because they
were limited to low-risk patients. However, a
mortality rate of 4% in the outpatient setting
was of concern, and the question of whether
hospitalization could have prevented any of
these deaths was raised. Monotherapy with
quinolones such as ofloxacin, as used in these
two studies, is not endorsed in guidelines pub-
lished by either the Infectious Disease Society of
America or the National Comprehensive
Cancer Network.17,36

Two studies among adult cancer patients and
one in the pediatric population, comparing out-
patient oral and parenteral antibiotic regimens
in low-risk febrile neutropenic patients, have
been conducted at the MD Anderson Cancer
Center. In the first adult study, patients were
randomized to either a parenteral regimen
(aztreonam 2 g q8h, plus clindamycin 600 mg
q8h) or an oral regimen (ciprofloxacin 750 mg
q8h, plus clindamycin 600 mg q8h) upon
becoming febrile.37 In this trial, 83 episodes
were evaluated: 40 in patients receiving the oral
regimen and 43 in patients receiving the par-
enteral regimen. The parenteral regimen was
associated with a response rate of 95%, com-
pared with 88% for the oral regimen (p � 0.19),

with a combined response rate of 92% for ‘out-
patient therapy’. There were no infection-
related complications such as septic shock and
no infection-related deaths in this trial. Renal
toxicity, however, was documented in 10% of
patients randomized to the oral arm. This was
probably the result of multiple factors, including
patients’ age and state of hydration, the adminis-
tration of other nephrotoxic drugs (cisplatin),
and possibly the high dose of ciprofloxacin.38

Consequently, in the second adult trial, the oral
arm was modified (ciprofloxacin 500 mg q8h,
plus amoxicillin/clavulanate 500 mg q8h), with
the parenteral arm being the same as in the first
study.39 Of the 179 episodes that were evaluable,
91 received parenteral and 88 received oral ther-
apy. The response rate for the parenteral regi-
men was 87% and that for the oral regimen 90%.
Neither regimen was associated with any major
toxicity, and no patients developed septic shock
or died as a result of their infection.

In the pediatric study, low-risk patients (age
range 2–16 years) were randomized to receive
either oral ciprofloxacin (12.5 mg/kg q12h) or
parenteral ceftazidime (50 mg/kg q8h) in the
outpatient setting, after receiving one dose of
parenteral ceftazidime during the initial evalu-
ation/randomization period.40 Out of the 73
episodes, 63 (86%) were successfully managed
on an outpatient basis. The response rate for the
parenteral arm (31 of 33 episodes) was slightly
better than that for the oral arm (32 of 40
episodes), but this difference was not statistically
significant. Of the 10 patients who were hospital-
ized, 4 had prolonged fever and 3 developed
emesis. Protracted neutropenia was linked with
the need for hospitalization. There were no
deaths, intensive care unit admissions or trans-
fers, or other serious complications during this
trial.

These, and other smaller studies (Table 9.7),
provide evidence that with careful patient
selection, appropriate antimicrobial therapy,
and adequate monitoring of patients, outpatient
therapy (both parenteral and oral) for low-risk
febrile neutropenic patients is safe and effect-
ive.
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RISK-ADJUSTED MANAGEMENT: GENERAL
ISSUES

The above discussion has summarized much of
the progress that has occurred regarding risk-
adjusted management of febrile neutropenic

patients. This progress is the result of (a) an
increased understanding of ‘febrile neutrope-
nia’, (b) technological advance in vascular
access, infusion therapy, and outpatient moni-
toring, (c) the availability of newer, more
potent, oral antimicrobial agents, and (d) the
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Table 9.7 Selected trials of outpatient therapy in low-risk, febrile neutropenic patients

Authors Patient population and Treatment regimen Response rate to

nature of study initial regimen (%)

Malik et al34 Non-randomized trial; ofloxacin 83

111 episodes; all adults 400 mg p.o., bid

Malik et al35 Randomized trial of Inpatient: ofloxacin Inpatient: 78

inpatient versus outpatient 400 mg p.o., bid

oral therapy; 169 Outpatient: ofloxacin outpatient: 77

episodes; all adults 400 mg p.o., bid

Rubenstein et al37 Randomized trial of i.v. aztreonam 2 g q8h i.v.: 95

outpatient parenteral and plus

oral regimens; 83 i.v. clindamycin 600 mg q8h

episodes; all adults versus

p.o. ciprofloxacin 750 mg q8H p.o.: 88

plus

p.o. clindamycin 600 mg q8H

Rolston and Rubenstein39 Randomized trial of i.v. aztreonam 2 g q8h i.v.: 87

outpatient parenteral and plus

oral regimens; 179 i.v. clindamycin 600 mg q8h

episodes; all adults versus

p.o. ciprofloxacin 500 mg q8h p.o.: 90

plus

p.o. amoxicillin/clavulanate 500 mg q8h i.v.: 94

Mullen et al40 Randomized trial of i.v. ceftazidime 50 mg/kg q8h

parenteral and oral versus

regimens; 75 episodes; p.o. ciprofloxacin 12.5 mg/kg q12h p.o.: 80

all pediatric



current climate in the healthcare industry,
which has provided much of the impetus for
evaluating non-traditional methods and sites of
delivery of care. It must be remembered that
most of the trials and strategies discussed
above have been conducted and developed in
large tertiary-care hospitals or comprehensive
cancer centers, with a particular interest and
substantial experience in caring for cancer
patients. The ability to create and maintain an
infrastructure that can handle these manage-
ment strategies and the logistics involved,
sometimes in a large number of patients, is crit-
ical to the success of such programs. This infra-
structure includes individuals from various
disciplines – physicians, nurses, pharmacists,
vascular access and infusion therapy teams,
home healthcare personnel, and the patients
and their caregivers, all acting in concert to
ensure that the best possible care is delivered as
efficiently and safely as possible. Some institu-
tions caring for cancer patients may not have
the ability to create or maintain such an infra-
structure, nor a group of healthcare providers
with sufficient interest or expertise to provide
such care. In such institutions, standard hos-
pital-based care should continue to be pro-
vided, until they acquire the ability to sustain a
risk-adjusted therapeutic program.

Other issues that are vital to the success of
risk-adjusted therapy (outpatient therapy in

particular) are listed in Table 9.8. It is important
to select appropriate empiric regimens, not
merely convenient ones, taking into considera-
tion local microbiology and susceptibility/resis-
tance patterns. At the MD Anderson Cancer
Center, infections caused by Gram-negative
bacilli, including Ps. aeruginosa, are docu-
mented, even in low-risk patients.37,39 Using
once-a-day ceftriaxone (a regimen that has been
used for empiric therapy in febrile neutropenic
patients, and is convenient) in such a setting
would not be appropriate as the initial empiric
regimen.41 Careful patient selection, taking into
consideration not only clinical/statistical risk-
assessment criteria, but also issues such as
patient comfort and compliance, the availability
of a caregiver at home, the availability of reli-
able transportation (automobile) and communi-
cation (telephone), and relative distance of the
patients residence from the hospital (we chose a
30-mile radius, based on our local traffic pat-
terns), are all important, and have an impact on
the overall success of these new strategies.
Frequent monitoring of patients for response,
lack of response, the development of medical
complications, toxicity, and to ensure com-
pliance is also critical, and cannot be over-
stressed. All these issues need to be worked out
in advance in order to ensure a successful out-
patient treatment program.
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Table 9.8 Requirements for a successful program of risk-adjusted therapy

• Institutional support for an adequate infrastructure
• Dedicated team of healthcare providers
• Local epidemiologic/susceptibility-resistance data
• Selection of appropriate (not merely convenient) antimicrobial regimens
• Motivated, compliant patients and family or other support personnel
• Adequate transportation and communication
• Adequate monitoring of non-hospitalized patients
• Access 24 hours a day to management team and ambulatory care facility (Emergency Department)



ADVANTAGES AND DISADVANTAGES OF
RISK-ADJUSTED THERAPY

Standard, hospital-based therapy of the febrile
neutropenic patient has been an extremely suc-
cessful strategy. It has had a significant and
positive impact on the overall survival of cancer
patients, particularly on those who are prone
to developing medical complications. This
approach, however, is expensive, consumes
valuable resources, and is not necessary or even
beneficial for all febrile neutropenic patients.
Risk-adjusted therapy is the new wave, and if
implemented successfully, is associated with
substantial benefits. These are outlined in Table
9.9. Several studies have demonstrated the
positive economic benefits of early discharge
and/or outpatient oral antibiotic therapy, com-
pared to hospital based parenteral therapy.26,37

There is also compelling data that hospitaliza-
tion significantly increases the risk of acquiring
infections with multidrug-resistant pathogens,
and exposes patients to a number of other haz-
ards of hospitalization, which can probably be
avoided by early discharge and/or outpatient
management.22,23 Studies have also documented
significant improvements in the quality of life
of patients receiving risk-adjusted therapy, and
increased convenience for their caregivers as
well.37,39 This aspect does not get much press in
today’s financially-focused health care environ-
ment where economics dictate many decisions.
It is, however, an extremely important
consideration in the care of cancer patients, and
cannot be ignored any longer. We have had
patients who have begged to be treated on our
outpatient protocols/pathways, so that they
may be able to eat home-cooked meals, sleep in
their own beds, and smell the proverbial roses.
Even high-risk, terminally ill, and dying
patients have expressed the desire to spend
their last few days at home. We as clinicians
entrusted with the overall wellbeing of these
patients (including those who are terminally ill)
need to respond to their wishes and needs.
Risk-adjusted management is a step in the right
direction.
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Table 9.9 Advantages and disadvantages of
risk-based therapy

Advantages
• Avoidance of iatrogenic and other hazards of

hospitalization
• Reduced rate of ‘healthcare associated’

infections
• Lower cost of care
• Enhanced quality of life (patients)
• Increased convenience (family)
• More efficient resource utilization

Disadvantages
• Potential for serious complications in an

unsupervised setting
• Potential for non-compliance
• Need to maintain an (expensive?)

infrastructure

There are some potential disadvantages of
risk-adjusted therapy. Low-risk does not mean
‘no risk’, and the potential for developing com-
plications such as septic shock or severe hemor-
rhage in a relatively unsupervised environment
does exist. Careful patient selection and close
monitoring of patients generally prevents the
development of such events, or enables one to
manage them promptly, should they occur.
Some patients might be non-compliant, particu-
larly those on oral therapy. Maintaining ade-
quate venous access may occasionally become a
problem that can be difficult to address in an
ambulatory or home setting. Finally, patients
might develop a false sense of security regard-
ing their febrile episode, since it did not require
hopsitalization or parenteral therapy, and
might ignore early signs and symptoms of pro-
gressive infection or other complications
because of a perceived trivialization of their
illness. It is imperative that patients be given
specific instructions regarding follow-up



monitoring, and be told to seek immediate
medical attention at the earliest sign of compli-
cations. It has been our experience from more
than a decade of administering risk-adjusted
therapy that cancer patients are generally very
compliant, follow instructions meticulously,
and do ‘whatever it takes’ to stay out of hos-
pital. Consequently, we have seldom encoun-
tered the problems listed above.

FUTURE CONSIDERATIONS

In recent years, much attention has been
focused on devising risk-assessment and treat-
ment strategies for low-risk patients.18 Future
considerations for this subset of patients
include further refinements to increase the
accuracy of risk-assessment models, and
improvements in therapeutic regimens as
newer antimicrobial agents become available.
Currently, most moderate- and high-risk
patients are managed with standard, hospital-
based therapy. It is in this group of patients that
newer evaluation and management strategies
need to be developed in order to fully embrace
the concept of risk-adjusted management of the
febrile neutropenic patient.

EVALUATION AND MANAGEMENT OF
MODERATE- AND HIGH-RISK PATIENTS

Our current systems for stratifying risk are not
perfect, and misclassifications do occur.27,42,43

High-risk patients, as we currently identify
them, are a very heterogeneous population. In
the MASCC Risk-Index derivation set, of the
205 patients identified initially as high-risk, 79
(39%) experienced a serious medical complica-
tion including 29 deaths (14%). This means that
the majority – 126 patients (61%) – initially
identified as being at high risk had resolution of
their febrile episode without any problems.
Errors of sensitivity lead to misclassification of
low-risk patients as being high-risk, thereby
exposing them to the hazards of hospitalization,

including iatrogenic complications and nosoco-
mial infections with resistant microorgan-
isms.22,23 Errors of specificity, on the other hand,
result in a more dangerous misclassification,
namely high-risk patients being labelled as low-
risk. Such patients could initially receive their
care in the outpatient setting and potentially
develop serious complications without ade-
quate monitoring and supervision. These errors
in classification need to be minimized and more
accurate risk assessment strategies need to be
developed. Meanwhile, Elting and colleagues
have suggested using a new outcome – the time
to clinical response – to facilitate implementa-
tion of early-discharge strategies, thereby
improving safety and quality of care for hospi-
talized patients initially classified as high-risk.

TIME TO CLINICAL RESPONSE

A traditional endpoint when comparing treat-
ment regimens has been the overall response or
success rate at the end of therapy. Elting and
colleagues44 developed a working definition of
time to clinical response using pooled data
from six prospective clinical trials of imipenem-
based or ceftazidime based regimens conducted
at the MD Anderson Cancer Center. The sensi-
tivity, specificity, and predictive values of
objective (temperature response) and subjective
values (self-report of improvement) were com-
pared, as were time to clinical response, days of
hospitalization, and cost. An early-discharge
strategy based upon the time to clinical
response was generated and retrospectively
applied to 488 episodes of fever in 466 patients.
The characteristics of these comparisons are
shown in Table 9.10. A combination of defer-
vescence for 24 hours and patient-reported
subjective improvement resulted in a sensitivity
of 93% and a specificity of 76%, with no deaths
occurring if an early-discharge strategy had
been implemented using this model. The
imipenem-based regimens had a quicker time
to response (5 days versus 7 days) when com-
pared with the ceftazidime-based regimens
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(p � 0.003), providing another criterion for
comparing regimens that might have been con-
sidered equivalent if only the endpoint of over-
all response rate had been used. If
prospectively validated, this outcome measure
could be used to identify appropriate regimens
and implement early-discharge strategies,
resulting in the advantages outlined in Table
9.9.

USE OF HEMATOPOIETIC GROWTH FACTORS

The hematopoietic growth factors G-CSF and
GM-CSF (granulocyte and granulocyte–
macrophage colony-stimulating factors) shorten
the duration of neutropenia, and their role in
the primary or secondary prevention of fever in
neutropenic patients has been reasonably well
clarified.45 Their role as adjuncts to antimicro-
bial therapy in neutropenic patients with fever
has been difficult to define (see Chapter 13).
Studies evaluating the therapeutic role of G-
CSF and GM-CSF have been hampered by the
lack of risk stratification.16,46–52 This has led to
their use principally in patients with shock,
pneumonia, and other complex infections, and
their benefit has been difficult to demonstrate in
this poor-prognosis group. A recent subset
analysis from the MASCC Risk-Index study
demonstrated higher response rates to the ini-
tial antibiotic regimen (86% versus 72%;
p � 0.016), and fewer complications, including
death (4.2% versus 13.4%; p � 0.031) in neu-
tropenic solid tumor patients receiving prophy-
lactic hematopoietic growth factors, in whom
these factors were continued after the develop-
ment of fever.53 This benefit was most marked
in patients with sarcoma, a subgroup that has a
high proportion of low-risk neutropenic
patients, and least apparent in patients with
lung cancer, a subgroup with a low proportion
of high-risk patients.37,39 Factors that accounted
for complications in the logistic regression
model included: an interaction between
ANC � 100/mm3 at onset of fever and

neutropenia and failure to respond to the initial
regimen (p � 0.001), severe burden of illness or
moribund appearance at time of presentation
(p � 0.001), uncontrolled cancer (p � 0.001), age
over 60 years, (p � 0.004), and presence of a
complex infection (p � 0.010). In this regression
model, prophylactic use of CSFs appeared to
be protective (p � 0.095). In contrast, 
Garcia-Carbonero and colleagues54 compared
antibiotics with or without G-CSF in ‘high-risk’
solid tumor patients with fever and neutrope-
nia, using days of hospitalization as their pri-
mary endpoint. The criteria used to determine
‘high-risk’, which failed to account for the
impact of microbiologically documented infec-
tions on the time to defervescence, and the
requirement that patients remain hospitalized
until afebrile for 2 days were significant limita-
tions of this study. Garcia-Carbonero et al con-
cluded that patients receiving G-CSF had a
shorter duration of subsequent neutropenia,
antibiotic therapy, and hospital stay. Using the
endpoint of time to clinical response (adjusted
for microbiologically documented infections)
might have produced different (more accurate)
results. Determining the optimal role of the
hematopoietic growth factors, particularly in
high-risk patients, is a complex task and will
require studies using prospective observational
cohort designs, and risk-stratified clinical trials
using validated risk-assessment criteria.
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10
Evaluation and management of vascular
access device infections in febrile
neutropenic cancer patients
Claude Afif, Issam Raad

EPIDEMIOLOGY OF VASCULAR ACCESS
DEVICE INFECTIONS

Vascular access devices (VADs) are indispens-
able tools in the management of cancer
patients.1 It is estimated that more than five mil-
lion central venous catheters (CVCs) are used in
the USA every year.2 Of those, one million long-
term CVCs (with duration of placement of
greater than 30 days) are inserted in cancer
patients. Four types of long-term CVCs are
used in cancer patients: tunneled CVCs
(Hickman/Broviac/Groshong), and implantable
ports, non-tunneled subclavian CVC’s, and
peripherally inserted central catheters (PICCs).

In contrast to the many advantages that they
offer (namely, easy vascular access, and
increased ability to administer large volumes of
fluids, medications, blood products, and par-
enteral nutrition), VADs are hampered by the
occurrence of serious complications, including
local site infection, thrombophlebitis (septic and
non-septic), endocarditis, and catheter-related
bloodstream infection (CRBSI). Short-term
peripherally inserted devices such as peripheral
venous catheters and peripheral arterial
catheters, as well as midline catheters, are asso-

ciated with lower risk of infections compared
with CVCs. However, CVCs, including PICCs
and short- and long-term vascular devices, are
more often associated with CRBSI.

A review by Press et al3 of 17 studies and
another review by Decker and Edwards4 of 21
studies involving cancer patients reported the
incidence of long-term tunneled CVC infection
to be approximately 1.4 per 1000 catheter-days.
Howell et al5 included 26 studies of 3948 tun-
neled catheters in 3478 adult cancer patients,
and reported a CVC infection rate of 1.9 per
1000 catheter-days. The rate of non-tunneled
CVC-related infection (including PICC lines)
was 1.4 per 1000 catheter-days.6 The direct
implications of such infectious complications
are an increased mortality and morbidity, with
an extension of the hospital stay.7

PATHOGENESIS

Source of infection

Within 24 hours post-insertion, most VADs will
be colonized with microorganisms (Figure
10.1). Electron microscopy studies have shown



that all VADs are colonized – even those with
negative cultures.8 Microorganisms causing
VAD infection can originate from four potential
sources: the skin insertion site, the hub,
hematogenous seeding from a distant focus,
and infusate contamination.

The external surface colonization of a short-
term indwelling vascular device usually occurs
within the first 10 days following its insertion,
and results from the migration of skin flora
along the intracutaneous segment to reach the
distal intravascular segment, resulting in
CRBSI.8

In contrast, luminal colonization occurs in
long-term devices (after 30 days of insertion),
and is the result of hub contamination follow-
ing frequent manipulation, which leads to
microbial migration along the internal surface
of the catheter.8,9

Hematogenous seeding is an unusual source
for VAD colonization. However, many infec-
tions by Candida spp. are thought to originate in
the gastrointestinal tract, with secondary can-
didemia leading to VAD colonization.10 Finally,
parenteral nutrition solutions or lipid emul-
sions promote the growth of bacteria and
fungi,8 such as Candida parapsilosis11 and
Malassezia furfur,10 resulting in CRBSI.

Cofactors for adhesions of organisms

Microorganisms can be found on VAD surfaces
in a sessile form embedded in a biofilm12 or in a
free-floating, disseminated form over the VAD
surface. The adherence of microorganisms to a
catheter surface depends on the interaction of
the host, the microbial factors, and the catheter
material in reaction to the foreign nature of the
catheter.

The host reacts by enhancing the formation
of a thrombin sheath by inducing the deposi-
tion of adhesin proteins such as fibrinogen,
fibronectin, laminin, and thrombospondin, thus
allowing the adherence of microorganisms such
as Staphylococcus aureus, S. epidermidis, and
Candida albicans.13–15

190 TEXTBOOK OF FEBRILE NEUTROPENIA

Sources of contamination
1. Skin insertion site
2. Hub contamination
3. Contaminated infusate (rare)
4. Hematogenous seeding (rare)

Attachment
Hydrophobicity of organisms and catheters,
surface irregularities and charge differences

Adherence
1. Organisms binding to protein

adhesins (e.g. fibrin and fibronectin)
2. Organisms producing microbial biofilm or

glycocalyx

Multiplication
Colonizing organisms multiply on catheter
surfaces to reach a threshold. Factors enhancing
growth and multiplication are parenteral
nutrition/lipid emulsions, blood products, and
prolonged catheterization

Invasion
Free-floating organisms colonizing the intravascular
segment will ultimately invade the bloodstream

Figure 10.1 Flow diagram depicting the
pathogenesis of catheter-related bloodstream
infection.

Additionally, bacteria can promote their own
adherence mechanism. S. aureus and C. albicans
are coagulase-producing organisms able to
induce thrombogenesis. Other microorganisms,



such as C. parapsilosis and S. epidermidis, pro-
duce a biofilm, known as ‘glycocalyx’, which
acts as a barrier against phagocytosis and
opsonization.16,17

Finally, the attachment of microorganisms to
the catheter surface depends on the intrinsic
properties of the catheter polymers, including
hydrophobicity, surface irregularities, and
charge differences. Furthermore, microorgan-
isms adhere to polyvinyl chloride and polyeth-
ylene surfaces better than to polyurethane or
Teflon polymers.18,19

Microbiology

Although all VADs are colonized with microor-
ganisms, only in a few cases will progression to
CRBSI occur. In fact, infection depends on
whether the organisms on the catheter surface,
particularly those in the free-floating phase,
exceed a certain quantitative threshold.

The microbiology of VAD-associated blood-
stream infections is predominantly represented
by skin flora such as S. epidermidis, S. aureus,
and occasionally Bacillus spp.20–23 The Gram-
negatives are usually acquired from the hos-

pital environment and from the hands of med-
ical personnel, and include Pseudomonas aerugi-
nosa, Acinetobacter spp., and Stenotrophomonas
maltophilia. In addition to the Candida spp. that
may occur in special settings, some reports
have described the emergence of new fungi
such as Malassezia furfur and Rhodotorula spp.
Infection control surveillance at the MD
Anderson Cancer Center detected 640 cases of
CRBSI occurring between 1990 and 1996, with
the following frequency: 25% caused by
coagulase-negative staphylococci, 25% by S.
aureus, 14% by Gram-negative bacilli, and 15%
by other organisms such as enterococci, Bacillus
spp., and Corynebacterium.

EVALUATION AND DIAGNOSIS

The diagnosis of catheter-related infection is
difficult, and relies mostly on the isolation of
the same organism from simultaneous blood
cultures (from the CVC and a peripheral vein)
or the isolation of the same organism from a
catheter culture and from a peripheral blood
culture with clinical signs and symptoms of
infection (Table 10.1).24
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Table 10.1 Diagnostic techniques for catheter infections

I. Semiquantitative or quantitative catheter culture techniques (with regular venipuncture blood
cultures)
• Roll-plate catheter culture method (semiquantitative)
• Sonication catheter culture method (quantitative)
• Vortexing catheter culture method (quantitative)
• Centrifuging catheter culture method (quantitative)

II. Simultaneous blood cultures (from catheter and peripheral vein)
• Simultaneous quantitative blood cultures
• Differential time to positivity

III. Rapid techniques (experimental – require further validation)
• Staining of catheters
• Endoluminal brush techniques
• Acridine orange leukocyte cytospin test



Catheter culture technique

This method requires the removal of the
catheter, and thus is retrospective. It has little
impact on the clinical decision to remove or
retain the VAD.

Semiquantitative culture of the catheter tip
This consists of culturing the catheter tip using
the roll-plate technique.22 A culture growth of
15 or more colony-forming units (CFU) of a
given organism reflects catheter colonization. A
growth of less than 15 CFU indicates catheter
contamination. Despite a specificity of 76%, this
technique is limited by the isolation of the
organisms only from the external surface of the
catheter, which is a major limitation for the
long-term CVC.

Quantitative culture of catheter segments
This consists of culturing both the external and
internal surfaces of a catheter segment (usually
the catheter tip and/or the subcutaneous tun-
neled segment) by sonication and vortexing,
thus releasing the microorganisms embedded
in the biofilm from the internal and external
surfaces of the CVC.21 A cutoff value of 103 or
greater is indicative of catheter colonization.
This technique was found to be highly sensitive
(93%) and specific (94%), and is of better diag-
nostic yield than the roll-plate technique for
long-term CVCs.25,26

Simultaneous blood culture methods

In febrile neutropenic cancer patients, the CVC
is often removed prior to making the diagnosis
of CRBSI. This results in unnecessary removal
of the CVC.6 Catheter cultures require that the
catheter be removed then cultured in order to
make the diagnosis.25,26 Paired blood cultures
from the CVC and peripheral vein may help
make the diagnosis prior to catheter removal,
and hence many CVCs may be saved.

Paired quantitative blood cultures
Simultaneous quantitative blood cultures are
drawn through the catheter and a peripheral
vein. A ratio of 5–10 : 1 or greater of bacterial
growth from the VAD relative to the peripheral
vein is consistent with the VAD being the
source of the bloodstream infection.27

Differential time to positivity
The time to detection of growth in a culture is
closely related to the inoculum size of the
microorganism. Simultaneous non-quantitative
(regular) blood cultures are drawn from a CVC
and peripheral vein. If the blood culture drawn
from the CVC becomes positive at least two
hours before the simultaneously drawn periph-
eral blood culture, then this is highly suggestive
of CRBSI.28,29

PREVENTION

In order to develop useful strategies to prevent
VAD-associated bloodstream infections, one
should take into consideration the several fac-
tors (namely, host factors, catheter factors, and
microbial factors) that interact to ultimately
cause the release of the microorganisms that
colonize the device surface into the blood,
resulting in the infectious complication.

Neutropenia as a host factor might predis-
pose to catheter infections. However, since it is
associated with thrombocytopenia (which is a
protective factor) in patients with hematologic
malignancy, it has not been consistently shown
to be a risk factor to CRBSI.

In a study conducted by Howell and col-
leagues5 of patients with long-term indwelling
tunneled CVCs who were followed for a total of
12 410 catheter-days, neutropenia of less than
500 neutrophils per mm3 of blood was the only
independent risk factor for catheter-related
infection (p � 0.018). Catheter infections were
significantly more likely to occur during the
first week of neutropenia than during the
remaining neutropenic days. However, in a
study conducted at our center,6 neutropenia,
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bone marrow transplantation, use of high-dose
steroids, or infusion of vesicant chemotherapy
agents through the CVC did not predispose
patients to catheter infection. The only statisti-
cally significant risk factor for catheter infection
was hematologic malignancy (acute lym-
phoblastic leukemia or acute myeloid
leukemia).

The same was observed by Groeger and col-
leagues30 in a study of patients with leukemia,
who had shorter infection-free periods com-
pared with patients with lymphoma or
myeloma (p � 0.02), but neutropenia was not
evaluated as a risk factor except at the time of
catheter insertion. In addition, patients with
solid tumors who had catheters had longer
infection-free periods than those who had
hematologic diseases (p � 0.005).30 Independent
of neutropenia, patients with hematologic
malignancies may be at higher risk of infection
because of excessive manipulation of catheters
resulting from the high frequency of blood
transfusions and blood withdrawals done
through the catheter.

Several preventive measures have been
shown to decrease the rate of CRBSI (Table 10.2).

Maximum sterile barrier

In a large, prospective, randomized study done
at the MD Anderson Cancer Center, the use of
maximal sterile barrier precautions (hand
washing, wearing sterile gloves, a mask, a
gown, and a cap, and using a large drape) at the
time of insertion of the VAD31 was shown to

decrease the risk of long-term catheter infection
sixfold. Furthermore, the occurrence of the
infectious complication may be delayed by an
average of two months compared with a week
when no sterile barriers were used. Given the
significant decrease in CRBSI, the use of such
precautions during insertion was found to be
highly cost-effective.31 Currently, the US
Centers for Disease Control and Prevention
highly recommend the use of maximal sterile
barrier precautions during all CVC insertions.24

Infusion therapy team

The insertion and maintenance of a CVC by an
experienced infusion therapy team not only
helps decrease the rate of infections but also
prolongs the duration of placement of non-
tunneled catheters.32,33 At the MD Anderson
Cancer Center, the mean duration of placement
of long-term non-tunneled, non-cuffed silicone
catheters (PICC lines and non-tunneled silicone
subclavians) was 109 days and the infection rate
was 1.4/1000 catheter-days.6 These figures are
similar to those reported for tunneled Hickman
catheters,3–5 which is attributed in part to the
presence of a skilled infusion therapy team at
the MD Anderson Cancer Center.

Tunneling and ports

The surgically implantable devices and the
completely implanted subcutaneous ports are
designed to prevent the migration of skin flora
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Table 10.2 Prevention of catheter infections

Aseptic insertion/maintenance Novel/biotechnology

• Maximal sterile barrier • Antimicrobial/anticoagulant fluid solution
• Infusion therapy team • Antimicrobial impregnation of catheters

• Silver iontophoresis



along the intercutaneous segment of the device,
and hence to decrease the risk of CRBSI. Two
prospective randomized studies evaluated the
effect of catheter tunneling on catheter-related
infections.34,35 One study evaluated long-term
CVCs (mostly silicone catheters) placed in
immunocompromised patients.34 The risks of
catheter-related bacteremia associated with tun-
neled and non-tunneled CVCs were 2% and 5%,
respectively. The difference was not significant,
and was most likely due to the relatively small
number of patients in each group (107 and 105
patients in each group). In another study
involving short-term polyurethane catheters
placed in the internal jugular veins of critically
ill patients, tunneled CVCs were associated
with a significantly lower rate of catheter-
related bacteremia than non-tunneled CVCs.
Therefore, tunneling of CVCs may decrease the
risk of CRBSI. But is the additional cost of tun-
neling (the cost of insertion is $3000–4000 per
device) justified by this risk reduction?

Ports seem to be associated with a lower
CRBSI rate than tunneled CVCs. A study by
Mirro and colleagues,36 involving 120 Hickman
catheters, 146 Broviac catheters, and 93
implantable ports in children with malignancy,
showed that when all causes of catheter failure
were considered (e.g. infection, obstruction,
and dislodgment), indwelling ports had a sig-
nificantly longer duration of use than did per-
cutaneous Hickman or Broviac catheters
(p � 0.0009). In a prospective, observational
study conducted on 1630 long-term venous
catheters (including 788 percutaneous catheters
and 680 ports), Groeger and colleagues30 found
that the incidence of infection per device per
day was 12 times greater with externalized
catheters than with ports.

Selection of the VAD placement site

The risk of infection varies according to the site
of insertion of any vascular device. In general,
lower-extremity insertion sites are associated
with a higher risk of infection, mainly because

of exposure to enteric flora. Additionally, VADs
inserted into the subclavian veins carry a lower
risk for infections than those inserted in the
jugular veins, because of the proximity of the
latter to oropharyngeal secretions.24

Routine exchange of vascular catheters over
a guidewire

The routine exchange of a CVC over a
guidewire at fixed intervals of time is not
recommended.24 Use of a guidewire should be
limited to replacing a malfunctioning non-
tunneled catheter, converting an existing
catheter, and determining the source of the
bloodstream infection, allowing culture of the
exchanged catheter.

Antimicrobial/anticoagulant flush solutions

The use of antimicrobial or anticoagulant flush
solutions consists of flushing the lumen of the
catheter with a combination of antimicrobial
and antithrombotic agents. In several stud-
ies,37–39 flushing of tunneled CVCs with a solu-
tion of heparin and vancomycin decreased the
frequency of catheter-related bloodstream
infection caused by Gram-positive organisms.
However, this method is limited to the preven-
tion of intraluminal colonization, and may
select for the emergence of drug-resistant
microorganisms such as vancomycin-resistant
enterococci.

A new flush solution consisting of a mixture
of EDTA and minocycline has recently been
developed. This combination was found to
have an in vitro activity against a broad spec-
trum of microorganisms, including Gram-
positive and Gram-negative bacteria and some
Candida spp., and was highly efficacious in pre-
venting the recurrence of CRBSI in high-risk
patients.40 The efficacy of this combination in
decreasing colonization and thrombotic occlu-
sion associated with long-term CVCs used in
hemodialysis patients has recently been
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demonstrated in a prospective randomized
study.41

Antiseptic and antimicrobial impregnation of
catheters

Coating catheters with antiseptics and antimi-
crobials is one of the most promising methods
for preventing CRBSI. However, this technique
has only been applied to short-term poly-
urethane CVCs, and has been used mostly in
critically ill patients.

Short-term catheters coated with chlorhexi-
dine and silver sulfadiazine on the external sur-
face were twofold less likely to become
colonized and fourfold less likely to produce
bacteremia when compared with uncoated
catheters.42 However, these short-term catheters
are not effective if the catheter dwell time
exceeds two weeks. In a recent prospective ran-
domized study involving leukemia patients, in
whom the average duration of catheter place-
ment was three weeks, the use of antiseptic
catheters impregnated with chlorhexidine and
silver sulfadiazine failed to decrease the rate of
CRBSI.43

In a prospective, randomized multicenter
trial that included cancer patients, coating both
the internal and external surfaces of a catheter
with a combination of minocycline and
rifampin was shown to be highly effective in
preventing CRBSI.44 Furthermore, when com-
pared with antiseptic catheters coated with
chlorhexidine and silver sulfadiazine, these
catheters coated with minocycline and rifampin
were 12-fold less likely to be associated with
CRBSI.45 Coating vascular devices with antimi-
crobials has proven to be highly cost-effective,
and catheters impregnated with minocycline
and rifampin were found to have more pro-
longed anti-infective effect for up to six weeks.7

Currently, CVCs impregnated with minocy-
cline and rifampin are being used in critically ill
cancer patients and bone marrow transplant
patients (pre-engraftment) at the MD Anderson
Cancer Center. In critically ill cancer patients,

these catheters were shown to decrease the risk
of nosocomial bacteremia, and have resulted in
cost savings of more than one million dollars.46

Novel methods of impregnating long-term
silicone catheters with antimicrobials have been
developed, and ongoing trials are being con-
ducted to demonstrate their efficacy in PICC
lines and non-tunneled silicone subclavian
catheters. It is possible that non-tunneled sili-
cone subclavian catheters could serve as a cost-
effective alternative to surgically implantable
catheters.

Silver iontophoretic catheters

Ionic silver has a broad spectrum of antimicro-
bial activity.47 A silver-impregnated cuff that
contains a biodegradable collagen with silver
ions was attached to short-term CVCs, and was
shown to reduce the incidence of CRBSI.48 The
half-life of a silver cuff is, however, short (five
to seven days), and this is why it failed to offer
protection in long-term catheters.49 This can be
palliated by continuously generating silver ions
through an electric power source (a small bat-
tery connected to the catheter by silver wires).
This novel method, which was developed by
Bodey and colleagues, proved to have long
antimicrobial durability in preventing catheter
colonization in vitro, and also in an animal
model.50,51 However, the clinical efficacy and
safety of this device needs to be demonstrated
through clinical trials.

MANAGEMENT AND TREATMENT

The plan of management of a CRBSI is complex,
and involves the decision whether or not to
remove the catheter. However, this decision
needs to take into consideration several factors,
including the degree of complexity of the infec-
tion, the identification of the microbial etiology,
availability of vascular access, and cost. A bal-
anced approach to the management of the vas-
cular catheter in febrile neutropenic patients
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has been outlined in the National Comprehensive
Cancer Network (NCCN) Practice Guidelines
for Fever and Neutropenia.52 This approach
recommends the removal of the CVC in compli-
cated cases with tunnel or pocket infection or
with persistence of the septicemia (bloodstream
infection) for more than 48 hours on broad-
spectrum systemic antimicrobial agents. The
removal of the CVC is to be strongly considered
in patients with fungemias, rapidly growing
mycobacteremias (Mycobacterium chelonae or
M. fortuitum), and S. aureus, Ps. aeruginosa,
Stenotrophomonas maltophilia, Corynebacterium
jeikeium, and Bacillus spp. bacteremias where
the CVC is considered as the likely source. A
more detailed description of this approach is
outlined below.

CRBSI complications

Complicated CRBSIs are those associated with
the presence of a septic thrombosis or a deep-
seated infection such as right-sided endocardi-
tis, tunnel or port pocket infection, and/or the
persistence of a bacteremia 48 hours after
removal of the vascular device despite ade-
quate therapy. Most CRBSIs are non-
complicated, and require therapy for 10–14
days. However, in the presence of a complica-
tion, the catheter should be removed, and ther-
apy should be prolonged for at least four weeks
in the setting of septic thrombosis or endocardi-
tis.53

Microbial etiology (Table 10.3)

Coagulase-negative staphylococci (CoNS)
CoNS are responsible for 25% of CBRSI, even
though they are the most common cause of
catheter colonization.8 The optimal duration of
therapy for CoNS is not yet defined; however, if
the patient responds within 48–72 hours of ther-
apy, a 7-day course of antimicrobials should be
considered adequate.54 Catheter removal may
not be necessary; however, there is a 20%

chance of recurrence of the bacteremia if the
catheter is retained compared with 3% if it is
removed.55

Staphylococcus aureus
S. aureus CRBSIs are associated with a high rate
of complications, including septic throm-
bophlebitis and deep-seated infections such as
endocarditis, septic emboli, abscesses, and
osteomyelitis.56 Retention of the catheter can
lead to persistence of the bacteremia, to relapse,
and to increased mortality.57

A short course of two weeks with parenteral
antibiotics may be considered in uncomplicated
cases responding within 72 hours of therapy. In
the case of occurrence of complicated S. aureus
CRBSI, treatment should be continued for at
least four weeks.56,57

Candida species
All cases of catheter-related candidemia require
systemic therapy because of the association
with serious complications such as endoph-
thalmitis, which may occur in up to 15% of
cases.58 Removal of the catheter is always pre-
ferred. Fluconazole 400 mg daily is usually ade-
quate except when C. glabrata or C. krusei are
suspected; then amphotericin B at doses of
0.7 mg/kg should be used.59

Gram-positive bacilli
Removal of the catheter is suggested for CRBSI
caused by Gram-positive bacilli such as Bacillus
spp. and coryneform bacteria.60,61 Vancomycin
for at least 7 days remains the therapy of choice.
However, these suggestions are based on a
small number of cases derived from anecdotal
reports. In some situations, where the infection
responds rapidly to antimicrobial therapy,
catheter retention is a consideration.

Gram-negative rods
The common Gram-negative rods causing
CRBSI are Ps. aeruginosa, Acinetobacter spp., and
S. maltophilia. Failure to remove the catheter is
associated with higher rates of treatment failure
and recurrence of the bacteremia.62,63 A treat-
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ment course of 7–10 days should be considered
satisfactory in non-complicated cases. Further
studies are underway at our institution to fur-
ther delineate the appropriate management of
Gram-negative bacillary bloodstream infection.

CONCLUSIONS

The long-term VADs used in cancer patients are
tunneled catheters, non-tunneled subclavian
catheters, ports and PICC lines. The rate of
infection for these catheters ranges from 1.4 to
1.9 per 1000 catheter-days. The major route of
catheter colonization and subsequent blood-

stream infection is luminal colonization origi-
nating from hub contamination. The leading
organisms causing CRBSI are coagulase-
negative staphylococci, S. aureus, Gram-
negative bacilli, such as Ps. aeruginosa and S.
maltophilia, Candida spp. (C. albicans and C. para-
psilosis), and Gram-positive bacilli, such as
Bacillus spp. and Corynebacterium spp. The diag-
nosis of CRBSI without removing the catheter
requires simultaneous blood cultures drawn
from the CVC and peripheral vein. If quantita-
tive blood cultures are used, then a ratio of five-
fold or greater of bacterial growth from the
VAD relative to the peripheral vein is consis-
tent with CRBSI. CRBSI is also highly suggested
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Table 10.3 Treatment of catheter-infections according to microbial etiology

Catheter removal Duration
Organisms required? Antimicrobial (days)

Coagulase-negative No Vancomycin 7
staphylococci (CoNS) Quinupristin/dalfoprisitin

Linezolid

Staphylococcus Yes MRSAa: like CoNS 10–14
aureus MSSAa: antistaphylococcal

penicillins or cephalosporins

Gram-positive bacilli Yes Vancomycin 7–10

Gram-negative bacillib Yes Third-generation cephalosporin 7–10
Carbapenems
Quinolones

Candida spp. Yes Fluconazole (for C. albicans and 14
C. parapsilosis)

Amphotericin B (for C. kruseii and
C. glabrata)

a MRSA, methicillin-resistant S. aureus; MSSA, methicillin-sensitive S. aureus.
b For Pseudomonas aeruginosa bacteremia, a combination of a �-lactam and aminoglycoside is recommended.



if the blood culture drawn from the CVC
becomes positive at least two hours before the
simultaneously drawn peripheral blood cul-
ture. Measures to prevent long-term catheter-
related infections consist of maximal sterile
barrier precautions during insertion, insertion
by a skilled infusion therapy team, the use of
ports, and the use of an antimicrobial/anticoag-
ulant flush solution. Antimicrobial impregna-
tion of short-term catheters has been shown to
decrease the frequency of CRBSI. This novel
biotechnology could be quite useful for long-
term CVCs used in cancer patients, and could
represent a cost-effective alternative to surgi-
cally implantable uncoated catheters. The man-
agement of the vascular catheter in febrile
neutropenic cancer patients includes removal of
the CVC in situations with tunnel or pocket
infection or with persistence of the bloodstream
infection for more than 48 hours on broad-
spectrum antimicrobial agents. In addition,
CRBSI caused by Candida spp., rapidly growing
mycobacteria, S. aureus, Ps. aeruginosa, and 
S. maltophilia often require removal of the
catheter.

REFERENCES

1. Raad II, Bodey GP, Infection complications of
indwelling vascular catheters. Clin Infect Dis
1992; 15: 197–208.

2. Maki DG, Infection Caused by Intravascular
Devices: Pathogenesis Strategies for Prevention.
London: Royal Society of Medicine, 1991.

3. Press OW, Ramsey PG, Larson EB et al, Hickman
catheter infections in patients with malignancies.
Medicine 1984; 63: 189–200.

4. Decker MD, Edwards KM, Central venous
catheter infections. Pediatr Clin North Am 1988;
35: 579–612.

5. Howell PB, Walters PE, Donowitz GR, Farr BM,
Risk factors for infection of adult patients with
cancer who have tunneled central venous
catheters. Cancer 1995; 75: 1367–74.

6. Raad I, Davis S, Becker M et al, Low infection
rate and long durability of nontunneled silastic
catheters: a safe and cost-effective alternative for

long-term venous access. Arch Intern Med 1993;
153: 1791–6.

7. Saint S, Veenstra DL, Lipsky BA, The clinical and
economic consequences of nosocomial central
venous catheter related infection. Are antimicro-
bial catheters useful? Infect Control Hosp
Epidemiol 2000; 21: 375–80.

8. Raad II, Costerton W, Sabharwal U et al,
Ultrastructural analysis of indwelling vascular
catheters: a quantitative relationship between
luminal colonization and duration of placement.
J Infect Dis 1993; 168: 400–7.

9. Linares J, Sitges-Serra A, Garau J et al,
Pathogenesis of catheter sepsis: a prospective
study with quantitative and semiquantitative
cultures of catheter hub and segments. J Clin
Microbiol 1985; 21: 357–60.

10. Maki DG, Pathogenesis, prevention and manage-
ment of infections due to intravascular devices
used for infusion therapy. In: Infections Associated
with Indwelling Medical Devices (Bisno AL,
Waldvogel FA, eds). Washington, DC: American
Society for Microbiology, 1989: 161–77.

11. Clarke DE, Raffin TA, Infectious complications
of indwelling long term central venous catheters.
Chest 1990: 97: 966–72.

12. Calwell DE, Korber DR, Lawrence JR, Imaging of
bacterial cells by fluorescence exclusion using
scanning confocal laser microscopy. J Microbiol
Meth 1992; 15: 249–61.

13. Hermann M, Vaudaux PE, Pittet D et al,
Fibronectin, fibrinogen and laminin act as medi-
ators of adherence of clinical staphylococcal iso-
lates to foreign material. J Infect Dis 1988; 158:
696–701.

14. Vaudaux P, Pittet D, Haeberli A et al, Host fac-
tors selectively increase staphylococcal adher-
ence on inserted catheters: a role for fibronectin
and fibrinogen or fibrin. J Infect Dis 1989; 160:
865–75.

15. Bouali A, Robert R, Tronchin G, Senet JM,
Characterization of binding of human fibrinogen
to the surface of germ tubes and mycelium of
Candida albicans. J Gen Microbiol 1987; 133:
545–51.

16. Christensen GD, Simpson WA, Younger JJ et al,
Adherence of coagulase negative staphylococci
to plastic tissue culture plates: a quantitative
model for the adherence of staphylococci to
medical devices. J Clin Microbiol 1985; 22:
996–1006.

198 TEXTBOOK OF FEBRILE NEUTROPENIA



17. Costerton JW, Irvin RT, Cheng KJ, The bacterial
glycocalyx in nature and disease. Annu Rev
Microbiol 1981; 35: 299–324.

18. Sheth NK, Franson TR, Rose HD et al,
Colonization of bacteria on polyvinyl chloride
and Teflon intravascular catheters in hospital-
ized patients. J Clin Microbiol 1983; 18: 1061–3.

19. Sherertz RJ, Carruth WA, Marosok RD et al,
Contribution of vascular catheter material to the
pathogenesis of infection: the enhanced risk of
silicone in vivo. J Biomed Mater Res 1995; 29:
635–45.

20. Raad II, Darouiche RO, Catheter related sep-
ticemia: risk reduction. Infect Med 1996; 13:
807–12; 815–16; 823.

21. Sherertz RJ, Raad II, Balani A et al, Three year
experience with sonicated vascular catheter cul-
tures in a clinical microbiology laboratory. J Clin
Microbiol 1990; 28: 76–82.

22. Maki DG, Weise CE, Sarofin HW, A semiquanti-
tative culture method for identifying intra-
venous catheter infection. N Engl J Med 1997;
296: 1305–9.

23. Kiehn TE, Armstrong D, Changes in the spec-
trum of organisms causing bacteremia and
fungemia in immunocompromised patients due
to venous access devices. Dur J Clin Microbiol
Infect Dis 1990; 9: 869–72.

24. Pearson ML, Guidelines for prevention on
intravascular device related infections. Part I:
Intravascular device related infections: an
overview. Part II: Recommendations for the pre-
vention of nosocomial intravascular device
related infections. Hospital Infection Control
Practices Advisory Committee. Am J Infect
Control 1996; 24: 262–93.

25. Raad II, Sabbagh MF, Rand KH, Sherertz RJ,
Quantitative tip culture methods and the diag-
nosis of central venous catheter related infec-
tions. Diagn Microbiol Infect Dis 1992; 15: 13–20.

26. Sherertz RJ, Heard SO, Raad II, Diagnosis of
triple-lumen catheter infection: a comparison of
roll plate, sonication, and flushing methodolo-
gies. J Clin Microbiol 1997; 35: 641–6.

27. Capdevila JA, Planes AM, Palomar M et al,
Value of differential quantitative blood cultures
in the diagnosis of catheter related sepsis. Eur J
Clin Microbiol Infect Dis 1992; 11: 403–7.

28. Blot F, Schmidt E, Nitenberg G et al, Earlier posi-
tivity of central venous versus peripheral blood
cultures is highly predictive of catheter related

sepsis. J Clin Microbiol 1998; 36: 105–9.
29. Blot F, Nitenberg G, Chachaty E et al, Diagnosis

of catheter related bacteremia: a prospective
comparison of the time to positivity of hub-
blood versus peripheral-blood cultures. Lancet
1999; 354: 1071–7.

30. Greoger JS, Lucas AB, Thaler HT et al, Infectious
morbidity associated with long-term use of
venous access devices in patients with cancer.
Ann Intern Med 1993; 119: 1168–74.

31. Raad II, Hohn DC, Gilbreath BJ et al, Prevention
of catheter related infections by using maximal
sterile barrier precautions during insertion. Infect
Control Hosp Epidemiol 1994; 15: 231–8.

32. Abi Said D, Raad I, Umphrey J et al, Infusion
therapy team and dressing changes of central
venous catheters. Infect Control Hosp Epidemiol
1999; 20: 101–5.

33. Tomford JW, Hershey CO, McLaren CE et al,
Intravenous therapy team and peripheral venous
catheter associated complications: a prospective
control study. Arch Intern Med 1984; 133: 1191–4.

34. Andrivet P, Bacquer A, Vu Ngoc C et al, Lack of
clinical benefit from subcutaneous tunnel insertion
of central venous catheters in immunocompro-
mised patients. Clin Infect Dis 1994; 18: 199–206.

35. Timset JF, Sebille V, Farkas JC et al, Effect of sub-
cutaneous tunneling on internal jugular catheter
related sepsis in critically ill patients: a prospec-
tive randomized study. JAMA 1996; 276:
1416–20.

36. Mirro J, Rao BN, Kumar M et al, A comparison
of placement techniques and complications of
externalized catheters and implantable port use
in children with cancer. J Pediatr Surg 1990; 25:
122–4.

37. Schwartz C, Henrickson KJ, Roghmann K,
Powell K, Prevention of bacteremia attributed to
luminal colonization of tunneled central venous
catheters with vancomycin susceptible organ-
isms. J Clin Oncol 1990; 8: 591–7.

38. Carratala J, Niubo J, Fernandez-Sevilla A et al,
Randomized, double-blind trial of an antibiotic-
lock technique for prevention of Gram-positive
central venous catheter-related infection in neu-
tropenic patients with cancer. Antimicrob Agents
Chemother 1999; 43: 2200–4.

39. Henrickson KJ, Axtell RA, Hoover SM et al,
Prevention of central venous catheter-related
infections and thrombotic events in immunocom-
promised children by the use of vancomycin/

VASCULAR ACCESS DEVICE INFECTIONS 199



ciprofloxacin/heparin flush solution: a random-
ized, multicenter, double-blind trial. J Clin Oncol
2000; 18: 1269–78.

40. Raad I, Buzaid A, Rhyne J et al, Minocycline and
EDTA for the prevention of recurrent vascular
catheter infections. Clin Infect Dis 1997; 25:
149–51.

41. Bleyer A, Mason L, Raad I, Sherertz R, A ran-
domized, double-blind trial comparing minocy-
cline EDTA vs heparin as flush solutions for
hemodialysis catheters. In: Program and Abstracts
of the 4th Decennial Conference Program Committee,
March 5–9, 2000, Atlanta, GA: 91 (Abstr P-S1-32).

42. Maki DG, Stolz SM, Wheeler S, Mermel LA,
Prevention of central venous catheter related
bloodstream infection by use of an antiseptic
impregnated catheter: a randomized, controlled
trial. Ann Intern Med 1997; 127: 257–66.

43. Logghe C, Van Ossel C, D’Hoore W et al,
Evaluation of chlorhexidine and silver–sulfadi-
azine impregnated central venous catheters for
the prevention of bloodstream infection in
leukemia patients: a randomized controlled trial.
J Hosp Infect 1997; 37: 145–56.

44. Raad I, Darouiche R, Dupuis J et al, Central
venous catheters coated with minocycline and
rifampin for the prevention of catheter related
colonization and bloodstream infections. Ann
Intern Med 1997; 127: 267–74.

45. Darouiche RO, Raad II, Heard SO et al, A com-
parison of two antimicrobial impregnated central
venous catheters. N Engl J Med 1999; 340: 1–8.

46. Raad I, Hackett B, Hanna H et al, Use of anti-
biotic impregnated catheters associated with
significant decrease in nosocomial bloodstream
infections in critically ill cancer patients. In:
Proceedings of the 10th Annual Meeting of the
Society for Healthcare Epidemiology, March 5–9,
2000, Atlanta, GA.

47. Spadaro JA, Berger TJ, Barranco SD et al,
Antibacterial effects of silver electrodes with
weak direct current. Antimicrob Agents Chemother
1974; 6: 637–42.

48. Maki DG, Cobb L, Garman JK et al, An attach-
able silver impregnated cuff for prevention of
infection with central venous catheters: a
prospective randomized multicenter trial. Am J
Med 1988; 85: 307–14.

49. Groeger JS, Lucas AB, Coit D et al, A prospective
randomized evaluation of silver-impregnated
subcutaneous cuffs for preventing tunneled

chronic venous access catheter infections in
cancer patients. Ann Surg 1993; 218: 206–10.

50. Raad I, Hachem R, Zermeno A et al, In vitro
antimicrobial efficacy of silver iontophoretic
catheter. Biomaterials 1996; 17: 1055–9.

51. Raad I, Hachem R, Zermeno A et al, Silver ion-
tophoretic catheter: prototype of long-term anti-
infective vascular access device. J Infect Dis 1996;
173: 495–8.

52. National Comprehensive Cancer Network,
NCCN practice guidelines for fever and neu-
tropenia. Oncology 1999; 13: 197–257.

53. Strinden WD, Helgerson RB, Maki DG, Candida
septic thrombosis of the great central veins asso-
ciated with central catheters. Ann Surg 1985; 202:
653–8.

54. Hiemenz J, Skelton J, Pizzo PA, Perspective on
the management of catheter related infections in
cancer patients. Pediatr Infect Dis J 1986; 5: 6–11.

55. Raad I, Davis S, Khan A et al, Catheter removal
affects recurrence of catheter related coagulase
negative staphylococci bacteremia. Infect Control
Hosp Epidemiol 1992; 13: 215–21.

56. Raad I, Narro J, Khan A et al, Serious complica-
tions of vascular catheter related Staphylococcus
aureus bacteremia in cancer patients. Eur J Clin
Microbiol Infect Dis 1992; 11: 675–82.

57. Raad II, Sabbagh MF, Optimal duration of ther-
apy for catheter related Staphylococcus aureus
bacteremia: a study of 55 cases and review. Rev
Infect Dis 1992; 14: 75–82.

58. Rose HD, Venous catheter associated can-
didemia. Am J Med Sci 1978; 275: 265–9.

59. Rex JH, Walsh TJ, Sobel JD et al, Practice guide-
lines for the treatment of candidiasis. Clin Infec
Dis 2000; 30: 662–78.

60. Saleh RH, Schorin MA, Bacillus spp. sepsis associ-
ated with Hickman catheters in patients with neo-
plastic diseases. Pediatr Infect Dis J 1987; 6: 851–6.

61. Young VM, Meyers WF, Moddy MR, Schimpff
SC, The emergence of coryneform bacteria as a
cause of nosocomial infections in compromised
hosts. Am J Med 1981; 70: 646–50.

62. Elting LS, Bodey GP, Septicemia due to
Xanthomonas species and non aeruginosa Pseudo-
monas species: increasing incidence of catheter
related infections. Medicine 1990; 60: 196–206.

63. Benezra D, Kiehn TE, Gold JWM et al,
Prospective study of infections in indwelling
central venous catheters using quantitative
blood cultures. Am J Med 1988; 85: 495–8.

200 TEXTBOOK OF FEBRILE NEUTROPENIA



11
Special considerations in children with fever
and neutropenia
Sarah W Alexander, Philip A Pizzo

INTRODUCTION

Fever and neutropenia is a common complica-
tion of cancer therapy in both pediatric and
adult patients. The general principles regarding
the care of these patients are the same irrespec-
tive of age. However, there are some important
factors that make the management of children
with fever and neutropenia unique. The pur-
pose of this chapter is to review both the simil-
arities and the important differences between
children and adults with fever and neutropenia.

CANCER IN CHILDREN

Although cancer in children is a rare disease, it
continues to be the cause of approximately 10%
of deaths during childhood, and is the leading
cause of disease-related death in 3- to 14-year-
olds.1 There are an estimated 12 000 new cases
of cancer diagnosed each year in children
between birth and 19 years in the USA, com-
pared with approximately 1 000 000 new cases
in the adult population.2,3

The types of cancer are different in children
compared with adults (Table 11.1). Overall,
brain tumors and leukemia account for approx-
imately 50% of all pediatric oncology diag-
noses.1 Within the pediatric group, there are

distinct patterns of diagnoses based on specific
age group. In the first two years of life, the most
common tumors include neuroblastoma,
Wilms’ tumor, retinoblastoma, primitive neu-
roectodermal tumors, and hepatoblastoma.
Acute lymphoblastic leukemia (ALL) has a
sharp incidence peak in the age range 2–4 years.
Later in childhood, osteosarcoma, Ewing’s sar-
coma, Hodgkin’s disease, and non-Hodgkin’s
lymphomas are all more common.4

In addition to the types of disease, the
responsiveness to therapy is, in general, more
favorable in children. Over the last three
decades, significant progress has been made in
the success rates in some types of pediatric
cancer, most notably ALL, lymphomas, and
some soft tissue sarcomas. Overall, it is esti-
mated that more than 65% of children with
cancer are cured of their disease. There remain,
however, some diagnoses in pediatric oncology
where little therapeutic progress has been made
and the prognosis remains dismal – for exam-
ple brainstem gliomas and rhabdoid tumors.

TREATMENT OF CANCER IN CHILDREN

The treatment of children with cancer involves
the same three primary modalities as used in
adult oncology care: chemotherapy, radiation,



and surgery. Chemotherapy is most often
administered in multiagent regimens. For some
pediatric tumors, dose intensity, defined as the
amount of drug administered over a given
period of time, is thought to be important. In
general, children tolerate intensive therapy bet-
ter than their adult counterparts, and often the
doses used are higher than they would be for
adults.5

The ability of children to tolerate very
aggressive chemotherapeutic regimens com-
pared with older individuals is at least in part
due to the fact that children have fewer comor-
bid conditions. Sixty percent of all cancers in
adults occur in patients more than 65 years old,
many of whom are likely to have pre-existing
conditions at the time of their cancer diagnosis
that pose additional clinical challenges.6,7 For
some clinical events that are analogous in the
pediatric and adult populations, such as febrile
neutropenia in oncology patients, children con-

sistently have lower reported incidence of seri-
ous morbidity and mortality.

COMMON INFECTIONS IN CHILDREN

Febrile illnesses are very common during nor-
mal childhood. In the pre-school-age child, it is
estimated that the average number of febrile ill-
nesses per year ranges from 2 to 8.8 Children
have on average twice as many upper respira-
tory tract infections per year as their adult
counterparts.9 This is largely due to the fact that
the most common site for spread of viral ill-
nesses is the school and group daycare setting,
with secondary infections of siblings and adults
at home.10 Otitis media, a relatively rare infec-
tion in adults, accounts for approximately one-
third of all pediatrician office visits and is
diagnosed in 60–70% of all children by the age
of one year.11 Children are at risk for primary
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Table 11.1 Predominant pediatric cancers by agea

Type of disease Percentage of disease type by age

<5 years 5–9 years 10–14 years 15–19 years

Leukemia 36.1 33.4 21.8 12.4
Lymphoma 3.9 12.9 20.6 25.1
Central nervous system tumors 16.6 27.7 19.6 9.5
Neuroblastoma 14.3 2.7 1.2 0.5
Retinoblastoma 6.3 0.5 0.1 0
Wilms’ tumor 9.7 5.4 0.7 0.2
Hepatoblastoma 2.2 0.4 0.6 0.6
Malignant bone tumors 0.6 4.6 11.3 7.7
Soft tissue sarcomas 5.6 7.5 9.1 8.0
Germ cell tumors 3.3 2.0 5.3 13.9
Carcinomas 0.9 2.5 8.9 20.9
Other 0.5 0.4 0.8 1.2

a Adapted from Ries LAG, Smith MA, Gurney JG et al, Cancer Incidence and Survival Among Children and Adolescents: United
States SEER Program 1975–1995. NIH Publication 99-4649, 1999.



infection with varicella zoster, with approxi-
mately two-thirds of the cases occurring in chil-
dren between the ages of five and nine years
(prior to universal vaccination strategies).

Children with cancer are at risk for these
‘regular’ childhood infections, in addition to
being susceptible to other infectious pathogens
secondary to their immunocompromised state.
In addition, ‘regular’ childhood infections can
cause significant morbidity in compromised
children. For example, respiratory syncytial
virus (RSV) can cause severe pneumonia in
patients receiving chemotherapy, especially in
those undergoing bone marrow transplanta-
tion.12,13 Otitis media can be recurrent or
chronic, can be due to bacteria not usually asso-
ciated with the disease, and can, in rare cases,
progress to mastoiditis in the compromised
host.14 Varicella zoster virus (VZV) and
cytomegalovirus (CMV) are more likely to
cause disease by primary infection in children,
in contrast to reactivation disease in older indi-
viduals. Primary varicella in immunocompro-
mised hosts can cause severe encephalopathy,
hepatitis, and pneumonia. In the 1970s, prior to
the use of acyclovir, this infection carried a 10%
mortality rate in children with cancer.15

FEVER

In a prospective review of 1001 episodes of
fever in pediatric and young adult patients with
cancer being treated at the US National Cancer
Institute in the late 1970s and early 1980s,
approximately one-half of all patients became
febrile during their course of therapy.16 Of these
episodes, 80% occurred when the patients were
neutropenic, while 20% occurred in patients
who were not neutropenic. Fevers in the non-
neutropenic population were most often
ascribed to use of chemotherapy (especially
methotrexate, cytarabine arabinoside, cyclo-
phosphamide, and actinomycin D), to the
underlying malignancy, and to viral infections.

Fever in the setting of chemotherapy-
induced neutropenia in the pediatric patient

with cancer remains a common problem. At
Children’s Hospital, Boston over a one-year
period, 21% of 1107 admissions to the oncology
inpatient service were for children with fever
and neutropenia.17 Of all patients receiving sys-
temic chemotherapy during the period of obser-
vation, 47% had at least one episode of fever
and neutropenia.

ASSESSMENT OF THE CHILD PRESENTING
WITH FEVER AND NEUTROPENIA

The initial assessment of the child with fever
and neutropenia is guided by the same general
principles as those used in adult oncology
patients. A careful history and meticulous
physical examination are imperative. Special
attention should be paid to areas at increased
risk for infection in patients receiving cytotoxic
therapy, including the oropharynx, perianal
region, central-line site if present, and any foci
of recent invasive procedures.

Very young children usually cannot report
their own symptoms. The history often relies on
observations by caregivers. In addition, in
infants and toddlers, fewer ‘typical’ symptoms
may be recognizable. For example, the child
with mucositis may present with fussiness, dif-
ficulty sleeping, or reduced oral intake.

Blood cultures should be obtained both
peripherally and from indwelling central
venous catheters, if present. Other microbiolog-
ical tests should be based on clinical suspicions,
for example nasopharyngeal aspirate for respi-
ratory viruses, stool assays for Clostridium diffi-
cile, or skin scrapings for herpesviruses.
Radiologic studies should be ordered based on
specific symptoms or physical findings.
Screening chest radiographs should be con-
sidered in all children with an anticipated pro-
longed duration of febrile neutropenia (>7
days) to provide a baseline study for future
comparison. Serum chemistries, including an
assessment of renal function, are usually
obtained to ensure appropriate organ function
and antimicrobial dosing.
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It is sometimes necessary to modify diagnos-
tic techniques on the basis of age. The volume
of blood that can be obtained for blood culture
often is less in a neonate or small child. Young
children are often not able to provide urine
samples. Children often require sedation for
radiologic tests that require being still for a
period of time, for example computed tomogra-
phy (CT) or magnetic resonance imaging (MRI)
scans.18,19 More invasive diagnostic techniques
also often require consideration of the child’s
size. In general, very small infants can undergo
bronchoscopy; however, transbronchial biop-
sies are often difficult in the very young owing
to limitations in the size of the equipment.20,21

Similarly, thorascopic lung biopsies are chal-
lenging in young children because of the small
size of the thorax, although continued miniatur-
ization of the equipment may make this less of
a limitation in the future.22

THERAPY IN CHILDREN WITH FEBRILE
NEUTROPENIA

Initial antimicrobial coverage strategies have
been studied extensively both in adult and in
pediatric populations. Empiric therapy is based
on early antibiotic coverage for the most likely
infecting organisms as well as those organisms
that have the potential of being rapidly lethal if
not appropriately treated. There is no single
best regimen for all patients with fever and
neutropenia, with the choice being influenced
by local patterns of infecting organisms and
their resistance spectra, as well as consideration
of toxicities, ease of administration, and cost.

The antibiotic regimens used in children do
not, in general, differ from those used in adults.
Either monotherapy or combination therapy,
usually with a �-lactam and an aminoglycoside,
is employed. Common antibiotics used in chil-
dren with fever and neutropenia, together with
doses, are listed in Table 11.2.

Ceftazidime was the first agent to undergo
significant evaluation as monotherapy for
empiric coverage of patients with fever and

neutropenia. Use of this agent has been shown
to be as safe as that of combination regi-
mens.23,25 Other agents that have been shown to
be efficacious and safe as monotherapy are
cefepime and the carbapenems imipenem and
meropenem.26–30 The majority of the large stud-
ies of empirical antibiotic therapy for fever and
neutropenia with monotherapy have included
both adult and pediatric patients.23,26,31

Vancomycin is not generally required for the
initial empiric therapy of children with febrile
neutropenia.32–34 There are, however, certain cir-
cumstances where its use should be considered.
The 1997 recommendations from the Infectious
Diseases Society of North America in their
guidelines for use of antimicrobial agents in
neutropenic patients with unexplained fever is
that vancomycin should ‘probably’ be used as
part of initial therapy in institutions with high
rates of Gram-positive organisms leading to ful-
minant infections (e.g. Streptococcus viridans), as
well as in those individuals with obvious
central-line infections, those with significant
mucositis or who are hypotensive at presenta-
tion, and those with known colonization with
Gram-positive organisms resistant to the stan-
dard empiric regimen.35

PROLONGED FEVER AND NEUTROPENIA

Children and adults with prolonged neutrope-
nia are at high risk for serious infections, and
require vigilant care.36 Persistent fever in the
absence of other findings in the neutropenic
host is not in itself an indication for changing
antibiotic therapy, except for the addition of
empiric antifungal therapy.37,38 Changes in clini-
cal status or new microbiological data should
be used to guide antibiotic modifications.

Prolonged neutropenia puts the patient at
significant risk for invasive fungal infection.
The diagnosis of fungal infections in the neu-
tropenic patient remains challenging, with fever
often being the only presenting clinical sign.
Even in proven disseminated candidal disease,
blood cultures often remain negative. Imaging
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Table 11.2 Common antibiotics and doses used in children with fever and neutropeniaa

Antibiotic Dose Comments

Antibacterial agents
Ceftazidime 30–50 mg/kg/dose i.v. q8h Broad-spectrum coverage, including

Pseudomonas aeruginosa

Cefipime 50 mg/kg/dose i.v. q8h Broader Gram-positive spectrum than ceftazidime

Imipenem/cilastin 15 mg/kg/dose i.v. q6h Cross-reactivity with 50% of patients with
anaphylaxis to penicillin

Meropenem 20 mg/kg/dose i.v. q8h Less likely than imipenem to cause seizures

Piperacillin 75 mg/kg/dose i.v. q6h Should be combined with an aminoglycoside for
coverage of Ps. aeruginosa

Pipericilin– 75 mg/kg/dose i.v. q6h Insufficient data to date to use this agent as
tazobactam monotherapy

Gentamicin 2.5 mg/kg/dose i.v. q8h Levels should be monitored to prevent ototoxicity
and nephrotoxicity

Amikacin 10 mg/kg/dose i.v. q8h Levels should be monitored

Vancomycin 15 mg/kg/dose i.v. q8h Is not needed for empiric therapy in most
patients

Aztreonam 30 mg/kg/dose i.v. q6h Gram-negative coverage only

Antifungals
Amphotericin 0.5 mg/kg/dose i.v. q4h Higher doses may be needed for Aspergillus.

Significant nephrotoxicity

Lipid formulations 3–5 mg/kg/dose i.v. q24h Significantly less nephrotoxicity with equal
(ABLC, efficacy
AmBiosome)

Fluconazole 6–12 mg/kg/dose i.v. or p.o. Good coverage for Candida albicans; less good
for other candidal species

Antivirals
Acyclovir 750–1500 mg/m2/day Dose for VZV is twice that for HSV, hydration

divided q8h should be ensured when giving high doses

Ganciclovir 5 mg/kg bid (for induction Granulocytopenia is the major dose limiting
for CMV) 5 mg/kg/day (for toxicity
maintenance)

Foscarnet 60–120 mg/kg/day divided Nephrotoxicity is the major dose-limiting
q8h toxicity; renal function and electrolytes require

close monitoring

a Doses in children less than 28 days old may need to be modified.



with CT and MRI has become a routine part of
the care of the persistently febrile neutropenic
patient to assess for evidence of hepatosplenic
candidiasis at the time of resolution from neu-
tropenia, although this infection has become
much less common in patients receiving anti-
fungal prophylaxis. Subtle pulmonary findings
can be the first signs of invasive Aspergillus
infection, definitively diagnosed often only by
open lung biopsy.

The rational for empiric antifungal therapy is
the same as that for antibacterials – mainly to
decrease infection related mortality by early ini-
tiation of therapy. Two prospective randomized
trials reported a benefit of empiric therapy with
amphotericin B when started at either day 4 or
day 7 of fever and neutropenia.36,39 Both of these
studies included both adult and pediatric
patients.

Empiric therapy with amphotericin B has
been limited by significant renal toxicity.
Several large prospective trials comparing lipo-
somal preparations of amphotericin B with
standard amphotericin B for empiric therapy in
febrile neutropenic patients have shown equal
efficacy but less renal toxicity in those patients
receiving the liposomal formulations.40–43 These
studies enrolled both adult and pediatric
patients. Empiric therapy with fluconazole has
also been shown to be efficacious and less toxic.
It should not, however, be used in those
patients with clinical signs suggestive of
aspergillosis or in those who have received flu-
conazole prophylaxis and are therefore at
higher risk for infection with fluconazole-
resistant candidal species.44,45

RISK STRATIFICATION IN CHILDREN WITH
FEVER AND NEUTROPENIA

It has become increasingly clear that not all
patients with fever and neutropenia are at
equal risk for serious infection.46–48 The identifi-
cation of a subgroup at low risk for serious
infection may allow for modifications of
empiric therapy, with a goal of less therapy-

related toxicity, an improved ‘quality of life’,
and decreased cost. These modifications may
include the use of oral antibiotics as opposed to
intravenous antibiotics, and care of the low-risk
febrile neutropenic patient in the outpatient set-
ting.

Factors available at the time of presentation
that consistently appear to confer low risk are a
short duration of neutropenia (<7–10 days),
being clinically well without significant comor-
bid medical conditions or significant focal infec-
tions, and having cancer that is not
progressive.49,50 These predictive factors have
been evaluated in pediatric populations, with
similar findings.17,51,52 In general, given the
decreased frequency of comorbid factors and
the overall better outcome,53 modification of
therapy for low-risk patients may have the
most relevance for children with fever and neu-
tropenia.

Based on risk stratification, there is now
evidence both in adults and in children that the
use of oral antibiotics in a subset of patients
with low-risk fever and neutropenia is safe and
effective.54–56 The oral regimen that was employed
in the two large randomized studies55,56

was ciprofloxacin and amoxicillin/sulbactam.
Outpatient therapy with intravenous and oral
antibiotics in pediatric patients with low-risk
febrile neutropenia has also been shown to be
feasible,57–59 as has early discontinuation of anti-
biotic coverage in clinically well children with
negative blood cultures and evidence of early
bone marrow recovery.60–62

OUTCOMES IN CHILDREN WITH FEVER AND
NEUTROPENIA

Many of the large clinical trials evaluating dif-
ferent therapies for fever and neutropenia have
been conducted in combined pediatric and
adult populations. In general, patient age has
not been used as one of the criteria when evalu-
ating subgroup outcomes. The largest body of
data addressing the question of whether there
is a difference between pediatric and adult
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patients with fever and neutropenia has come
from a retrospective analysis of several large
European trials.53 This study of 3080 patients
with fever and neutropenia compared the pedi-
atric group, which comprised 25% of the study
population, with the adult group in terms of
infection types and outcomes.

The rate of clinically documented infections
in the pediatric group was lower, and con-
sequently children had a higher incidence of
fever of unknown origin. Of the sites of infec-
tion documented clinically, children were more
likely to have upper respiratory tract infections,
compared with lower respiratory tract infec-
tions in their adult counterparts.

The rate of bacteremia in the two groups was
similar (22% versus 24%). The organisms caus-
ing bacteremia were similar in children and
adults. Gram-negative pathogens accounted for
28% of the episodes in children, compared with
30% of adults. Gram-positive infections caused
64% of the bacteremias in children, compared
with 57% in adults. Children were noted to
have a significantly higher rate of streptococcal
infections (29% versus 18%). Adults had a
higher incidence of polymicrobial infections
than children (12% versus 7%).

Overall mortality was lower in children (3%
versus 10%), as was the incidence of death
related to infection (1% versus 4%, p � 0.001).
In a separate study comparing pediatric and
adult cancer patients with documented bac-
teremia or fungemia, children had a lower over-
all mortality as well as mortality related to
infection (7% versus 25%, p � 0.02; 4% versus
8%, p � 0.03, respectively).63

SPECIAL CONSIDERATIONS IN ANTIBIOTIC
CHOICE IN CHILDREN

The US Food and Drug Administration (FDA)
now permits the approval of drugs for use in
children based on efficacy data gathered in
adults, if the disease in children and adults is
similar, provided that pharmaceutical com-
panies submit pharmacokinetic and toxicity

data from trials performed in an adequate num-
ber of children. If the drug is likely to be used
in children, it is now mandatory for pharma-
ceutical companies to provide such data in a
timely fashion.64,65

There are, however, a substantial number of
antimicrobials used commonly in children with
febrile neutropenia (as is the case with many
drugs in use in pediatrics) that have not been
formally studied in children and are not
FDA-approved. For example, ceftazidime has
been studied and is approved for children of all
ages; meropenem and imipenem are approved
for those over the age of 3 months; and piperi-
cillin, pipericillin–tazobactam, and cefepime are
only approved for use in those over 12 years of
age. For many of these agents, however, there is
significant clinical experience with use of these
drugs in young children.

There are only a limited number of antimi-
crobials that have been shown to have the
potential for significant and unique toxicity in
children. Tetracyclines are avoided in children
less than 8 years old owing to associated per-
manent dental discoloration. The routine use of
fluoroquinolones in pediatrics has been limited
by the concern of a unique toxicity in young
individuals leading to arthropathy. In experi-
mental juvenile animals, exposure to fluoro-
quinolones has been associated with a risk of
arthropathy expressed clinically as lameness
and associated with characteristic histologic
findings of blisters and erosions of articular car-
tilage. This finding has been consistent for all
fluoroquinolones tested.66 There is, however, a
growing body of evidence supporting the safety
of quinolone antibiotics in the pediatric popu-
lation. Nalidixic acid, a non-fluorinated
quinolone, has been used in children for
decades. In animal studies, it causes the classic
cartilage changes, but it has not been found to
cause any arthropathy in children, including
those treated for prolonged periods of time.67,68

In 1997, Hampel et al69 reviewed the worldwide
experience with ciprofloxacin in pediatric
patients based on its compassionate use, and
concluded that short courses of ciprofloxacin
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appear to be safe. No cases of the experimen-
tally induced cartilage damage have been con-
firmed in humans.

SPECIAL CONSIDERATIONS IN ANTIBIOTIC
DOSING AND ADMINISTRATION IN
CHILDREN

Antibiotic dosing is based on the child’s weight
or, less commonly, body surface area. In addi-
tion, the differences in pharmacokinetics and
pharmacodynamics between children and adults
need to be taken into consideration, particularly
in the very young. The hepatic glucuronidation
process, for example, is relatively immature dur-
ing the first 2–3 months of life, thus decreasing
the metabolic clearance of many drugs. Renal
excretion reaches adult levels between 6 and 12
months of life, owing to slow maturation of
glomerular filtration and tubular function, as
well as an increase in renal blood flow.70

Conversely, children may have more rapid clear-
ance of some agents. For example, the pharma-
cokinetics of atovaquone would suggest dosing
of 30 mg/kg/day for those less than 3 months
and greater than 24 months, but 45 mg/kg/day
in those from 3 to 24 months of age.71

Administration of oral antibiotics to children
often poses unique challenges. Children less
than 5 years of age have difficulty swallowing
tablets or capsules. Compliance with a regimen
may be limited if the agent is not palatable.
Often there is no appropriate pediatric formula-
tion available, and therefore provision of the
agent requires an innovative pharmacist.

PROPHYLAXIS

The best infection prophylaxis in the care of
immunocompromised patients (and others) is
diligent handwashing before and after contact
with patients. Teachers or daycare workers
should be made aware of the child’s immuno-
compromised state and asked to notify the par-
ents in case of an outbreak of a contagious

disease, such as varicella. Limiting social con-
tacts for infection prevention is usually recom-
mended for a period of time after allogeneic
bone marrow transplantation.

Prophylactic antimicrobial regimens are used
extensively in patients receiving cytotoxic
chemotherapy. Early on, it was noted that the
patient’s own enteric flora was often the culprit
in documented infections during periods of
fever and neutropenia. Initially, it was shown
that non-absorbable antibiotics decreased the
rate of infectious complications; however, these
agents are in general unpalatable, and were
limited by difficulty with patient compliance,
particularly in children.

The two agents that have received the most
attention as prophylactic therapy for bacterial
infections in neutropenic cancer patients 
have been trimethoprim–sulfamethoxazole
(TMP–SMX) and the oral quinolones, primarily
ciprofloxacin.72–74 Both agents have been shown
to decrease documented infections, primarily
bacteremia, in neutropenic patients; however, an
impact on overall mortality has not been shown.
The use of TMP–SMX is complicated by a
significant rate of allergic reactions and a risk of
bone marrow suppression, with the potential for
prolongation of neutropenia. Fluoroquinolones
are in general well tolerated, but have been asso-
ciated with a higher than expected rate of strep-
tococcal bacteremia, leading some to suggest the
addition of penicillin or clindamycin to the pro-
phylactic regimen. Newer quinolones with an
expanded spectrum and greater potency against
Gram-positive organisms might be more effect-
ive. The utility of any of these regimens is lim-
ited by the potential for the emergence of
resistant pathogens.75,76 In children, the fluoro-
quinoles as prophylaxis have been avoided
because of concerns of cartilage toxicity with
prolonged exposure (see above).

USE OF GROWTH FACTORS

Growth factors, primarily granulocyte colony-
stimulating factor (G-CSF, filgrastim) and gran-
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ulocyte–macrophage colony-stimulating factor
(GM-CSF, sargramostin), are used extensively
in the care of pediatric cancer patients.77–79

These agents increase the number and phago-
cytic function of polymorphonuclear cells in the
peripheral blood.80–84 Given the association of
the degree and duration of neutropenia with
the risk of serious infection, there was initially
great excitement about the potential impact that
growth factors might have in patients receiving
myelosuppressive chemotherapy. Guidelines
for the use of these cytokines in patients have
been developed by the American Society of
Clinical Oncology (ASCO).85,86

Two strategies for growth factor use have
received the greatest attention. The first is initi-
ating therapy at the time of diagnosis with
fever and neutropenia. Studies in both pediatric
and adult patients have had variable results,
with some investigators reporting a moderate
decrease in the number of days with fever, neu-
tropenia, and antibiotic administration, as well
as a decrease in the length of hospitaliza-
tion.87–91 No study has shown a reduction in the
rate of serious infection or infection-related
mortality. Overall, there is no strong evidence
supporting the initiation of growth factors at
the time of fever and neutropenia.

The second strategy for growth factor use
has been one of primary prophylaxis, initiating
therapy after completion of each cycle of
chemotherapy. Despite encouraging early clini-
cal trials, multiple subsequent studies have
shown a decreased duration of neutropenia and
a variable effect on the incidence of fever and
neutropenia and of documented infection, but
no discernible effect on infection-related mor-
tality.79,92–95

The ASCO guidelines recommend primary
prophylaxis with growth factors when the
expected rate of fever and neutropenia is greater
than 40%. This guideline is difficult to apply,
particularly in pediatrics, where the data regard-
ing incidence of febrile neutropenia for standard
treatment regimens has not been systematically
evaluated. The patterns of growth factor use have
been explored both in adults and in children.85,86

Pediatric oncologists are much more likely than
their adult counterparts to use growth factors as
primary prophylaxis, often because of protocol
requirements, but also owing to the fact that most
chemotherapeutic regimens used for pediatric
malignancies will predictably result in periods
with marked neutropenia.

FUTURE DIRECTIONS IN THE CARE OF
CHILDREN WITH CANCER AND FEBRILE
NEUTROPENIA

Significant progress has been made in the treat-
ment of children with cancer. This has been
accomplished by progress both in the use of the
primary therapeutic modalities of chemother-
apy, surgery, and radiation therapy, and in
supportive care measures.

The rapid and thorough assessment and
appropriate management of children with
chemotherapy-induced fever and neutropenia
will remain a common and important part of
the care of children with cancer. Progress in the
care of these individuals will rely in part on the
use of risk-based stratification to allow for mod-
ification of therapy based on individual risk fac-
tors. Ongoing evaluation of the safety and
efficacy, as well as cost and ease of administra-
tion, of new antimicrobial agents will act to
broaden the therapeutic armamentarium, and
will hopefully increase the success rate and
decrease the burden of illness for children
treated for cancer.
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12
Prophylaxis of infections
J Peter Donnelly

INTRODUCTION

The treatment of cancer, particularly hemato-
logic malignancies, entails using toxic drug
cocktails that inflict considerable damage on
two primary host defenses: the phagocytic line
of defense, primarily the neutrophils, and the
integument, i.e. the skin and the mucosa of the
oral cavity and digestive tract. The importance
of neutropenia has been recognized for over 30
years since the seminal publication of Bodey
and colleagues.1 More recently, it has become
increasingly clear that injury to the mucosal
barrier of the oral cavity and alimentary tract
that results from the same intensive chemother-
apy is not simply an inevitable side-effect but is
also responsible for much of the morbidity that
accompanies myelotoxicity.2–4 In fact, patients
exposed to intensive radiotherapy and cyto-
toxic chemotherapy are placed in double jeop-
ardy, because concurrent mucositis and
neutropenia leave them bereft of defenses
against infection.

Prevention or cure

That prevention is better than cure is a long-
held axiom of medicine, particularly where
vulnerable individuals are concerned and the

disease is preventable. Infections in neutropenic
patients can be devastating, often culminating
in the death of a patient who might otherwise
have achieved remission or even cure. When a
cause is identified, it is more often than not a
common rather than exotic microbial species
that is involved – frequently one that belongs to
the normally harmless commensal flora that
reside on body surfaces. This fact has motivated
many in the past to resort to prophylactic regi-
mens that seemed reasonable at the time but
had not been shown properly to work. Looked
at with hindsight, almost all the early trials of
prophylaxis fall short of modern standards, and
advocates of prophylaxis adopted regimens
based upon meager evidence. In fact, it is only
very recently that the spotlight of evidence-
based medicine has been turned upon the
febrile neutropenic patient, and, not surpris-
ingly, the claims made for antibacterial prophy-
laxis and, in particular, antifungal prophylaxis,
have been found wanting and based, at best, on
low-level evidence. Equally unsurprisingly, the
criticism leveled at prophylaxis by investigators
who are considered deskbound by those facing
the challenge presented by febrile neutropenia
every day has only served to fuel debate that
has often shed more heat than light. Meanwhile
there is probably no hematopoietic stem cell
transplant center in the Western world that



does not give prophylaxis of one sort or
another, and very few centers dealing with
leukemia who opt to do entirely without such
regimens. The purpose of this chapter is to try
to critically appraise prophylaxis and to exam-
ine alternatives, if such exist. This cannot take
place without first placing the issue in the con-
text of neutropenia induced by chemotherapy
used to treat malignant diseases and for the
ablative conditioning therapy for a hematopoi-
etic stem cell transplant.

IMPAIRMENT OF HOST DEFENSES BY
CANCER THERAPIES

Physical barriers

The physical barrier presented by the skin and
the mucosa of the respiratory, urinary, genital,
and alimentary tracts forms first line of defense
against resident and transient microorganisms.
Anatomically, the skin and these other organs
form part of the external surface of the body,
and comprise a continuum. Inevitably, these
surfaces come into daily contact with micro-
organisms, of which some are harmless, some
beneficial, and others detrimental. Evolution
has ensured a formidable array of obstacles that
a potential pathogen must overcome before
gaining entry into the host.

The outer body surface – the skin
The skin is a particularly effective barrier as
long as it remains intact, since it forms a barren,
dry, hostile environment suited to a few Gram-
positive bacteria, including Staphylococcus epi-
dermidis, coryneforms, and certain yeasts.5 The
salt in sweat, fatty acids released from the seba-
ceous secretions, a low pH, the presence of bac-
teriocins, and secretory IgA all help the healthy
skin to resist colonization by foreign microor-
ganisms, particularly the Gram-negative bacilli.

The inner body surfaces – the oral cavity
From a microbial perspective, the oral cavity
presents an extremely complex environment

with varied topography, offering an enormous
diversity of ecological niches. Each surface pos-
sesses its own unique consortium of commensal
bacteria, from anaerobic bacteria such as
Fusobacterium spp. to the aerobes such as
Neisseria spp. For instance, the oral viridans
streptococci are not uniformly distributed in the
oral cavity. Rather, different species occupy dif-
ferent niches, with Streptococcus sanguis and
Streptococcus mitis biovar 1 predominating on
the buccal mucosa, Streptococcus mitis biovar 2
residing on the dorsum of the tongue, and
Streptococcus oralis being found almost exclu-
sively in initial dental plaque.6 Besides being
populated by commensal flora, the oral cavity is
also the first port of call to most exogenous bac-
teria. Fortunately, in health, professional and
opportunistic pathogens do not normally colo-
nize the oropharynx, since they are unable to
overcome the formidable array of different
defense mechanisms of antibacterial substances
and immunoglobulins secreted by the host and
the direct competition posed by the indigenous
microflora.7 However, poor dental hygiene,
peridontitis, diseased teeth, ill-health, and the
loss of integrity of the oral cavity through drug-
induced mucositis or by local infections such as
herpes or candidiasis all increase the opportun-
ities for certain potential pathogens to settle
and establish an infective nidus. The Gram-
negative bacilli, notably Pseudomonas aeruginosa,
are adept at exploiting weaknesses, and are
able to establish colonization of damaged tis-
sue, where local infection can occur and even
lead to disseminated infection.

The inner body surfaces – the stomach
The extreme low pH of the normal stomach
provides an effective barrier to the transfer of
oral bacteria to the intestinal tract. However,
many patients treated with chemotherapy with
or without irradiation experience nausea and
vomiting and later gastric reflux, for which
antacids, H2 receptor antagonists, and proton-
pump inhibitors are prescribed. Consequently,
such patients are effectively achlorhydric and
hence bereft of a barrier to microbial access.
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This mechanism has been proposed to explain
the onset of severe infections due to S. mitis,8

and may also explain why these patients are
more at risk of developing Candida infections,
including gastrointestinal candidiasis.9

The inner body surfaces – the intestinal tract
In health, the small intestine is virtually sterile,
whereas the large intestine is colonized by a
variety of different bacterial species, which
together account for almost half of the solids
found in formed feces. Viable counts are esti-
mated to be of the order of 1014 microorganisms
per gram. It is a testament to evolution that
very few species are capable of establishing
infection – usually certain Gram-negative bacilli
(e.g. Escherichia coli) and the Candida yeasts –
even in the most profoundly immunosup-
pressed individual. The gut microflora are
dominated by anaerobes, including Bacteroides
spp. and Clostridium spp., but it appears that
less-familiar Gram-positive non-sporing, lactic-
acid-producing bacilli such as bifidobacteria are
essential in maintaining a healthy commensal
flora by providing the so-called ‘colonization
resistance’.10,11 A loss of this facility is marked
by yeast overgrowth and the recovery of enter-
ococci in almost pure culture from stool sam-
ples. The loss of the normal bowel flora
effectively creates an ecological vacuum in
which transient exogenous bacteria are now
able to gain a foothold and establish coloniza-
tion (Figure 12.1).

Impact of chemotherapy and radiation
therapy on body surfaces

Injury to the skin
Chemotherapy and irradiation can radically
change the microenvironment, since they cause
hair loss, dryness, and loss of sweat production.
Infections can develop around the hair follicles,
providing a potential nidus for systemic infec-
tion. Abraded skin can also lead to local infec-
tion, which can be a reservoir that promotes
further spread to entry sites of intravenous
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catheters. Needle punctures and vascular
catheters produce trauma, and provide a ready
means for microorganisms to gain direct access
to the bloodstream. See Chapter 10.

Effect of chemotherapy and irradiation on the
oral cavity
Neutropenic patients will experience varying
degrees of mucosal damage, depending upon
the nature of their chemotherapy.12,13 Oral
mucositis is not just a simple matter of failure of
damaged cells to be replaced. Rather, it appears
to be complex biological response to chemother-
apy and irradiation involving initial damage to
the endothelial and connective tissues, which
triggers an initial inflammatory response.14

Briefly, mucositis proceeds in four phases –
namely, inflammatory, epithelial, ulcerative and
healing phases. The cytokines tumor necrosis
factor � (TNF-�) and interleukin (IL)-1� appear
to initiate and amplify the process and their pro-
duction can be moderated by recombinant
IL-11.15 Mucositis becomes clinically manifest
during the epithelial phase and infection during
the ulcerative/bacteriological phase. Florid
mucositis is initially characterized by dryness,
then by edema, erythema, and pain. Ulcers then



occur singly or severally, and there may be
significant amounts of viscid mucus. Mucositis
progresses to a peak that is often accompanied
by fever, and then the signs and symptoms grad-
ually subside as healing takes place.

The degree of mucositis and its onset and
course vary, depending upon the constitution
of the myeloablative regimen(s) used to prepare
for a hematopoietic stem cell (HSC) transplant.2

Similarly, the use of cytarabine (cytosine arabi-
noside) in high doses and idarubicin have been
associated with bacteremia due to oral viridans
streptococci.16,17 Oral mucositis not only pro-
vides a portal of entry for these streptococci but
also for Stomatococcus mucilaginosus,18,19 Capno-
cytophaga spp.,20–22 the anaerobes Fusobacterium
necrophorum and Eubacterium spp., Leptotrichia
buccalis,21–23 as well as Candida albicans, Gram-
negative bacilli, and possibly also S.
epidermidis.25 Active herpes simplex infection
can exacerbate existing mucositis,26 as well as
increasing the incidence of oral thrush.27

Effect of chemotherapy and irradiation on the
gastric acid barrier
Dyspepsia is sufficiently commonplace for
antacids such as H2 receptor antagonists, and
even the proton-pump inhibitors such as
omeprazole, to be regularly prescribed. The
resulting lower gastric acidity inadvertently
destroys the natural barrier, allowing bowel
colonization by oral commensals to ensue.
When these bacteria are also only marginally
susceptible to antibiotics used for prophylaxis,
their chances of establishing colonization are
increased. This might explain why only a
minority of patients who develop viridans
streptococcal bacteremia progress towards sep-
sis, the so-called ‘alpha-strep syndrome’, which
is associated with gut toxicity28 and the use of
H2 receptor antagonists.8,17 The sudden appear-
ance in the bloodstream of overwhelming num-
bers of streptococci from multiple sites of
mucosal damage may provide the mechanism
for inducing shock,29 since the cell wall material
of Gram-positive bacteria is capable of inducing
TNF-� and other cytokines.30

Effect of chemotherapy and irradiation on the
intestinal tract
The epithelia and connective tissue of the gut
are damaged by chemotherapy and irradia-
tion,15 and the mucosal barrier (at least that of
the ileum) is compromised by the loss of the so-
called ‘mucous blanket’, which can facilitate
epithelial colonization.31 Even standard
chemotherapy for acute myeloid leukemia
induces malabsorption and markedly increases
the risk of candidiasis.32 Besides the damage to
the mucosa, chemotherapy and irradiation
impair gut function and lead to rapid alter-
ations in permeability and increased absorption
of sugars.32–36 Perturbed gut function has been
shown to be one of the factors that, together
with antibiotic usage and colonization with
Candida spp., predisposes patients with
leukemia to invasive candidiasis, and also
appears to be a risk factor for neutropenic ente-
rocolitis.4,32 Impaired gut function and integrity
may also facilitate translocation, particularly of
Gram-negative bacilli such as Ps. aeruginosa,
into the bloodstream of patients colonized with
the organism.37

Mucosal barrier injury is determined not
only by the nature of the chemotherapy and
irradiation, but also by the accumulation of pro-
inflammatory and other cytokines, the trans-
location of the resident microflora and their
products across the mucosal barrier, exposure
to antimicrobial agents that modulate the
microflora, and the origin of the HSC graft.4

Gut toxicity has also been shown to be respons-
ible for reduced absorption of fluoro-
quinolones,38,39 and has been implicated in the
erratic bioavailabililty of the antifungal agent
itraconazole.40,41 Finally, a dysfunctional gut
will have a marked effect upon the nutritional
status of the patient. Some cytotoxic drugs may
even exert direct influence on oral and gut flora,
since some of these agents have been shown to
possess antibacterial activity, and even to
enhance the effects of antimicrobial agents.42–47

The protracted diarrhea that often results from
total-body irradiation (TBI) leads to a lower
microbial biomass, which may be more vulner-

218 TEXTBOOK OF FEBRILE NEUTROPENIA



able to antimicrobial agents. Aztreonam and
imipenem are normally inactivated by feces,
but in its absence may retain more of their
activity.48,49 The ecology of the bowel flora will
also be altered markedly by diarrhea induced
by cytotoxic agents (e.g. cytarabine50), by graft-
versus-host disease,51 and by TBI.52 In addition,
prior exposure to antimicrobial agents that
inhibit the Gram-positive anaerobic flora of the
bowel, such as the penicillins, rifamycin, clin-
damycin, erythromycin, and vancomycin, will
further alter the ecology considerably, since this
is associated with a measurable loss of ‘colo-
nization resistance’.53

THE HOST AND THE MICROBIAL WORLD

Environment

Normal daily activity exposes us many times to
exogenous microorganisms. Fortunately, the
vast majority that are encountered are harm-
less. Unless the individual is a carrier, profes-
sional pathogens are acquired exclusively from
the environment – either by direct contact with
an infected individual or indirectly by inhaling
infected air, ingesting infected food and drink,
or by coming into contact with infected objects.
Bottled non-carbonated mineral water has been
identified as a source of Pseudomonas spp. and
Stenotrophomonas maltophilia.54 Flowers (both cut
and potted) are notorious sources of water- and
soil-borne Gram-negative bacilli, including Ps.
aeruginosa. The global nature of floristry, with
plants being imported from all over the world,
may also increase the risk of infection by exotic
species and by multiply resistant strains. Fresh
fruit and vegetables also arrive in supermarkets
from all corners of the globe, and present a sim-
ilar risk. Widespread travel may also open new
avenues for acquiring infection, as can leisure
and sports activities involving water. Even vis-
iting a humble flower show where whirlpools
are used can increase the risk of legionellosis.55

Increasing concern for the environment has
afforded molds such as Aspergillus fumigatus a

wider domain. This outstanding saprophyte is
already found almost everywhere, including
fireproofing material,56 silage,57 building
dust,58–61 household dust,62 decaying matter
such as dead leaves and old rotting furniture,63

compost heaps,64 biocontainers,65 potted plants,
and foodstuffs such as ground pepper.66

Aspergillus and Penicillium prevail in the
autumn and winter months.67 Other fungi, such
as the phycomycetes Mucor and Rhizopus, are
also ubiquitous saprophytes. Molds, including
Aspergillus spp., Penicillium spp., Fusarium spp.,
Absidia spp., and Cladosporium spp., are dis-
persed in the air during the handling of grain.68

Hence, exposure to microorganisms is a con-
stant factor of daily life in both normal hosts
and patients receiving antineoplastic therapy.

Microbial diseases of the neutropenic
patient

There are in excess of 900 bacterial species
known to inhabit the body surfaces, but only a
very few have been reported as causing infec-
tion, even in the most immunosuppressed
patients. Infections in neutropenic patients
derive from two principal sources: the endoge-
nous flora and the exogenous or environmental
flora. The resident commensal flora found on
the skin and mucosal surfaces contains poten-
tial pathogens, but occasionally organisms can
also be acquired exogenously by ingestion of
contaminated fluids and food or through direct
contact. Such organisms may be transient, being
unable to establish a foothold and establish col-
onization. Their opportunity to infect is there-
fore limited unless there is repeated exposure,
prolonged transit, and a ready-made portal of
entry available, such as an ulcer, abrasion, or
direct access via a catheter. Reverse barrier iso-
lation, HEPA-filtered air, and a diet of low
microbial content all help reduce the chance of
acquiring potential pathogens exogenously. As
a consequence, most pathogens in neutropenic
patients arise from the resident flora inhabiting
the skin, the airways and the alimentary tract.
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An extensive review of the epidemiology of
infections in neutropenic patients is provided in
Chapter 4. Infections by much less common
bacteria have been attributed to catheter infec-
tion by, for example, Tsukamurella pau-
rometabolum (Gordona aurantiaca),69 to oral
mucositis due to, for example, Capnocytophaga
spp.,22 or to both routes (e.g. Stomatococcus
mucilaginosus).19 The lesson again seems to be
that the presence of a portal of entry and a
potential pathogen both conspire to cause infec-
tion.

CHEMOPROPHYLAXIS

The debate about the utility or otherwise of
chemoprophylaxis continues to ebb and flow,
although the emphasis has shifted from bacteria
to fungi – probably because of prompt empiric
antibiotic therapy successfully reducing mortal-
ity through the years. The trend towards rely-
ing more on evidence than eminence may have
lowered the scientific appeal of prophylaxis,
but not its intuitive attraction, since it has
become very much the norm. The estimation of
risk and benefit is also in a continuous state of
flux, and the concept of cost–effectiveness has
taken hold. In essence, choosing whether or not
to give chemoprophylaxis depends upon
answering four basic questions (Table 12.1): Is
there an effective treatment for the infection? Is
the infection serious? Is prophylaxis effective in
preventing the infection? Does prophylaxis
have few adverse effects?

Is there an effective treatment for the
infection?

When chemoprophylaxis was first attempted it
was aimed at reducing the morbidity and mor-
tality that arose from infections caused by
Staphylococcus aureus and the Gram-negative
bacilli E. coli, Klebsiella pneumoniae, and Ps.
aeruginosa, for which therapy was limited.
However, nowadays, effective therapy is avail-

able for these infections if given to the patient
promptly after the onset of fever.70,71

Infections involving viridans streptococci
also have a high rate of cure using standard
empiric regimens, even when there is evidence
of bacteremia. However, acute respiratory dis-
tress syndrome associated with bacteremia due
to viridans streptococci, usually S. mitis, fares
less well, but whether or not adding another
antimicrobial agent such as penicillin is benefi-
cial is uncertain. Instead, the syndrome may be
better managed by complementing the empiric
regimen with a short course of high-dose corti-
costeroids.29

Similarly, effective therapy is available for
treating candidiasis, whether localized or dis-
seminated.72–75 By contrast, although effective
treatment is available for the most common
mold infection, invasive aspergillosis, inability
to recognize the disease soon enough leads to a
delay in starting treatment.76–82

Treatment of herpes simplex infection with
acyclovir is highly effective, although resistant
strains have been encountered, resulting in
therapeutic failure.83–85 Infections due to
cytomegalovirus (CMV) pose a similar problem
as does aspergillosis insofar as treating estab-
lished disease such as CMV pneumonitis is
ineffective although, unlike aspergillosis, the
disease is invariably restricted to seropositive
recipients of an allogeneic HSC transplant.86

Whilst graft-versus-host disease (GVHD) plays
the greatest role in the development of CMV
disease, CMV viremia is the best predictor of its
development.87

Is the infection serious?

All infections that occur during neutropenia are
regarded as serious, although those caused by
coagulase-negative staphylococci are generally
seen as indolent. Even when the attributable
mortality is only marginal, few are prepared to
run the risk of doing nothing and adopting a
wait-and-see approach. Instead, empiric treat-
ment is given on suspicion of infection and
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even complemented with other empiric agents
such as a glycopeptide or amphotericin B.
Hence it is a moot point whether or not infec-
tion is serious in terms of increased morbidity
and mortality, since clinicians act as though it is
and this has become a standard of care.

Is prophylaxis effective in preventing
bacterial infection?

Antimicrobial agents were first given to cancer
patients and those with hematologic malig-
nancy in the early 1970s to try to reduce
the infectious complications arising during
neutropenia.88–91 Non-absorbable regimens,
particularly gentamicin plus vancomycin plus
nystatin (GVN), were employed to sterilize the
gut,92,93 but this proved futile – the compliance
was erratic and the risk of selecting resistant
bacteria was actually higher. This was
explained by the antibiotics destroying the
anaerobic flora of the alimentary tract to such
an extent that much fewer exogenous Gram-
negative bacilli were required to establish colo-
nization than was the case under normal
conditions.94 It therefore seemed more appro-
priate to aim for partial or selective decontami-
nation rather than attempt complete
sterilization of the body sites. This approach
was known by several acronyms, including
SDD (selective decontamination of the diges-
tive tract), PAD (partial antimicrobial deconta-
mination), and even by SAM (selective
antimicrobial modulation).53 All the regimens
employed were targeted against the undesir-
able Gram-negative bacilli found within the
resident flora while preserving the microflora
responsible for colonization resistance.
However, it was only when Hughes and col-
leagues95 reported that children given co-
trimoxazole to prevent infection due to
Pneumocystis carinii also suffered fewer
episodes of bacterial infections that the demise
of total gut decontamination was assured and
the adopted standard approach became one of
selective oral antimicrobial prophylaxis.

Co-trimoxazole
Co-trimoxazole seems the ideal agent because it
prevents infection with P. carinii, is effective
against a wide range of respiratory pathogens,
including Streptococcus pneumoniae and
Haemophilus influenzae, and offers protection
against both S. aureus and the enteric Gram-
negative bacilli.95 Small placebo-controlled trials
indicated that co-trimoxazole was beneficial as
selective prophylaxis,96–102 as did comparative
studies.90,103–109 However, the risk of resistance
emerging and causing bacteremia was appar-
ent,96,110 as was co-trimoxazole’s lack of activity
against Ps. aeruginosa, necessitating the addition
of colistin.108

The fluoroquinolones
The introduction of the newer fluoroquinolones
– norfloxacin,111 ciprofloxacin,112 ofloxacin,113

and pefloxacin114,115 – further expanded the
range of agents available for prophylaxis.
Moreover, compliance is better, side-effects
are lower with these drugs than with co-
trimoxazole, and they do not seem to have any
deleterious effect on hematopoeisis.116 Their
spectrum of activity includes the most common
causes of infection due to Gram-negative bacilli,
S. aureus, and many of the coagulase-negative
staphylococci.117,118 The viridans streptococci
and enterococci are only marginally suscepti-
ble, if at all. Although only one of the many
prophylactic trials with the fluoroquinolones
has been placebo-controlled,111 it is clear that
they all provide better protection against infec-
tion due to Gram-negative bacilli than does 
co-trimoxazole.113,114,119–127 However, among the
drugs studied so far, only ciprofloxacin offers
the most complete protection against Gram-
negative bacilli, including Ps. aerugi-
nosa.114,123,124,126

Norfloxacin was the first to be made avail-
able, and was quickly followed by
ciprofloxacin, then pefloxacin and ofloxacin. By
the time some of the newer fluoroquinolones
became available, practice patterns had
developed, and clinicians fell into two opposing
camps: those who employed a fluoroquinolone,
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even though the evidence was far from conclu-
sive that they were effective, and those who
abhorred the idea, fearing the emergence of
resistance. It is indeed surprising that there has
been no satisfactory placebo-controlled, double-
blind trial of sufficient size to prove significant
benefit with enough power. The arguments
for and against these drugs rest on a series of
small, mostly single-center, studies. Moreover,
a variety of endpoints were employed, includ-
ing the prevention of infection due to Gram-
negative bacilli, infection per se, and even fever.
A meta-analysis of 12 comparative and con-
trolled studies is the best evidence available,
and shows that whilst prophylaxis with a fluo-
roquinolone is more effective than either
placebo or alternative regimens in preventing
infection due to Gram-negative bacilli,128 there
was no measurable benefit in terms of bac-
teremia as a whole. There were more episodes
of bacteremia due to Gram-positive cocci and
no evidence of less mortality. Also, more
episodes of fever of undetermined origin
occurred with more than 80% of patients still
receiving empiric therapy with broad-spectrum
antibiotics.

Special cases – viridans streptococci
Recognition that the oral viridans streptococci
were in the ascendancy prompted studies in
which a fluoroquinolone was complemented
by a penicillin,129–131 amoxycillin,132,133 vanco-
mycin,134 or roxithromycin.135 Whilst there was
less bacteremia due to these streptococci, resis-
tance developed against penicillin,128 and there
was no measurable impact on the incidence of
fever and other infective complications such as
pneumonia and septic shock.135

Special cases – catheter-related infections
It might seem logical to attempt to prevent
these infections by providing antibiotic cover-
age during insertion or by instilling antibiotics
through the lumen to apply an antibiotic block.
A single bolus intravenous injection of 400 mg
teicoplanin resulted in a lower incidence of
exit site and tunnel infections and catheter-

related Gram-positive bacteremia, particularly
among patients who were already neutropenic
when the Hickman catheter was inserted.136 A
short course of three injections of 500 mg van-
comycin perioperatively resulted in fewer of
the central venous catheters in the vancomycin
prophylaxis group becoming infected with
Gram-positive microorganisms than in the con-
trol group.137 Giving vancomycin twice daily at
a dose of 15 mg/kg from two days before HSC
transplant until resolution of neutropenia or
until the first episode of fever prevented bac-
teremia and focal infection, resulting in fewer
days with fever, and hence fewer days of
empiric antibiotic therapy.138 However, because
the clinical course of coagulase-negative
staphylococcal infections is relatively benign,
treatment with a glycopeptide is only war-
ranted if there is a tunnel infection or coexistent
thrombophlebitis.139,140 The enthusiasm for giv-
ing vancomycin prophylactically has since
given way to a realization that there are
significant hazards associated with the practice
due to the emergence of vancomycin resistance
among the enterococci species (particularly
Enterococcus faecium) and the real fear that the
tranposon responsible could cross over to more
dangerous pathogens, such as S. aureus.141 The
concern is such that most authorities advise
specifically against using vancomycin for pro-
phylaxis even in neutropenic patients who
might benefit.142

Others have introduced antibiotic blocks to
prevent contamination of the catheter lumen
via the hub.143 Vancomycin at the low concen-
tration of 25 µg/ml in heparin has been used –
apparently effectively.144 The justification for
this approach is that catheters can easily
become infected with a nosocomial strain of S.
epidermidis, since several clones survive on the
same hematology ward for quite some time by
colonizing patients’ skin.145 However, whether
the putative benefit of using such blocks is
generally found remains to be confirmed by
studies done on a much larger scale. The same
can be said of the claims made for impregnated
catheters. If the patient’s skin is the principal
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source of the staphylococcus and infections
originate from the exit site, then coating the
external surface of the catheter might provide
some benefit.146,147 However, there are as yet too
few data to support this practice. In the absence
of good evidence, it seems more prudent to
manage catheters carefully, use them only as
absolutely necessary, remove them as soon as
they are no longer needed, and treat catheter-
related infections with antibiotics when there is
an obvious tunnel infection, evidence of
infected thrombosis, or Gram-positive bac-
teremia that persists for longer than 3–4 days;
this should always be accompanied by swift
removal of the device.

Does antibacterial prophylaxis have few 
side-effects?

Although bacteremia due to Gram-negative
bacilli is reduced by prophylaxis, this results in
more unexplained fevers and more bacteremias
due to Gram-positive cocci, which are either
naturally resistant to the fluoroquinolones, such
as in the case of viridans streptococci, or have
apparently acquired resistance, as do many
coagulase-negative staphylococci, and this has
been observed during treatment with
ciprofloxacin.148 This observation is explicable,
since ciprofloxacin is both excreted in the sweat
and induces resistance amongst skin staphylo-
cocci within a few days of exposure.149,150 These
staphylococci are commonly resistant to
tobramycin, co-trimoxazole, and methicillin,
and may also be resistant to ciprofloxacin.151

Resistance among E. coli to the fluoro-
quinolones norfloxacin,152 ofloxacin,153 and
pefloxacin154 has also been observed. A recent
study done in Taiwan may have inadvertently
revealed why, since 3 of 12 allogeneic HSC
transplant recipients given ciprofloxacin for
prophylaxis developed bacteremia due to resis-
tant E. coli during neutropenia, resulting in two
deaths from septic shock.155 Instead of using the
more usual dose of 1000 or 1500 mg/day, the
authors opted for 500 mg/day, believing it to

be sufficient for prophylaxis. However, the
dose may well have been too low to achieve
adequate systemic levels for two reasons.
Firstly, absorption of this drug is impaired
following chemotherapy, when mean peak con-
centrations are reduced by half to 2.0 mg/l just
around the time neutropenia has reached its
nadir and mucositis its peak and shortly before
bacteremia occurs.39 Secondly, the fluoro-
quinolones bind to feces,156 making even less
drug available to inhibit the E. coli. The lower
dose of 500 mg/day would achieve even lower
peak concentrations, reducing local and sys-
temic efficacy. The impairment of drug absorp-
tion might be explained by the fact that this
takes place in the upper part of the intestinal
tract, i.e. duodenum and jejunum,157 which is
also where most damage occurs to the mucosal
barrier.33 Hence, apart from anything else, gut
mucositis appears to result in altered drug dis-
position. Lower absorption has also been noted
for ofloxacin.38

Bacteremia due to Gram-positive cocci such
as viridans streptococci might occur simply as a
result of plasma levels of the drug being lower
than the minimum inhibitory concentration.117

Under these conditions, other multiply resistant
Gram-positive cocci, including staphylococci
and enterococci, would also have a selective
advantage.123,148,151,158–161 Combine this selective
pressure with colonization of the mucosal sur-
faces by resistant bacteria and severe mucositis,
and all the necessary ingredients for infection
are present.

Generally, co-trimoxazole is well tolerated,
but it induces a skin rash in 15% of patients
receiving remission induction therapy, particu-
larly when cytarabine is included.162 Moreover,
the onset of skin rash frequently coincides with
allergy to allopurinol and cytarabine, as well as
oral mucositis, nausea, and diarrhea (e.g. after
remission induction of acute myeloid
leukemia). This leads to less compliance and
interruption, if not to total discontinuation of
prophylaxis. Co-trimoxazole has also been asso-
ciated with delayed hematopoiesis in bone mar-
row transplant recipients.163 Fluoroquinolones
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induce fewer side-effects, and although rashes
do occur, they do so much less frequently than
with co-trimoxazole and seldom lead to prema-
ture discontinuation. Side-effects are therefore
seldom the reason for stopping prophylaxis.
Patients who discontinue taking medication for
reasons other than the onset of fever or side-
effects mostly do so simply because they are
unable to swallow because of severe oral
mucositis. Logically, the drug could have been
continued parenterally when the oral route was
not feasible, but this has never been done
because such a move was perceived as therapy
rather than prophylaxis. The fact that the doses
of both co-trimoxazole and the fluoro-
quinolones were therapeutic was simply over-
looked. Clearly, the psychological barrier
imposed by the understanding of ‘prophylaxis’
and ‘therapy’ was too great to overcome. Even
the elegant study by Bow and colleagues164 that
showed ciprofloxacin to be safe as an effective
strategy to reduce the amount and duration of

empiric therapy directed against Gram-
negative organisms in febrile neutropenic
patients did not attempt to switch to parenteral
administration to deliver the bioequivalent
amount of drug. So, despite over a decade of
use, not only is the correct dosage of fluoro-
quinolones not yet known, but neither is the
proper route of administration. Since there has
been no trial of fluoroquinolone that allowed
continuation of the drug parenterally when
drug concentrations fell, we shall never know
whether or not failure to maintain adequate
levels was the reason for breakthrough infec-
tion. A more rational approach to prophylaxis
would, in fact, be to administer ciprofloxacin
orally at a dose equivalent to the optimum ther-
apeutic dose (e.g. 1500 mg/day), and to con-
tinue prophylaxis parenterally should the
patient be unable to swallow the tablet or when
blood levels fall below a certain threshold
(Figure 12.2). Oral treatment can then resume
once mucositis subsides.
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Should antibacterial prophylaxis be used?

Besides the problems of resistance, further
doubts have been cast upon the practice of
antibacterial prophylaxis in a recent review,165

which suggested that antibacterial prophylaxis
has outstayed its welcome since timely admin-
istration of empiric broad-spectrum antibiotics
has been very successful in reducing mortality
attributed to Gram-negative infections. In addi-
tion, there have been no controlled clinical trials
fulfilling the criteria required for firm evidence
(high-power, prospective, randomized, blinded,
multicenter studies), although there are still
reports being published that appear to show
that specific populations such as HSC trans-
plant recipients do benefit.166 If put to a jury of
other than hematologists, a verdict of ‘not
proven’ for prophylaxis would probably be
returned. But, despite the lack of evidence, pro-
phylaxis with fluoroquinolones will still con-
tinue to be given – certainly to recipients of
HSC transplants, and to other patients receiv-
ing the sort of intensive chemotherapy that
induces protracted neutropenia and injures the
mucosal barrier, if only because the fear of bac-
teremia due to Gram-negative bacilli is being
assuaged. That being the case, it would still be
desirable to conduct a formal trial to help estab-
lish the correct dose and means of administra-
tion and identify those patients who would
gain the most benefit, although it is doubtful
whether or not a placebo would now be con-
sidered ethical. However, this reservation is
more than compensated for by having the safe-
guard of modern empiric regimens.

Is prophylaxis effective in preventing fungal
infection?

Prophylaxis of invasive fungal infectious dis-
eases (IFIDs) has had a checkered history.
Initially, studies were small, uncontrolled, done
in single centers, and invariably inconclusive.
Moreover, efficacy measures were indirect and
soft, relying on such entities as number of

febrile days, use of empirical amphotericin B
and so on. Lately, there have been a few studies
that did meet the rigorous requirements of a
randomized, controlled trial, although the
results were not universally applicable. For
instance, there are data that show fluconazole
effective in preventing disseminated candidia-
sis in recipients of allogeneic HSC trans-
plant,167,168 and possibly in those being treated
for acute myeloid leukemia,169,170 but there is 
no agreement about the optimum dose. In
North America, 400 mg/day of fluconazole is
used, whereas other investigators elsewhere
have achieved similar results with only
100–200 mg/day,171–176 calling into question the
need for the higher dose of fluconazole.
Moreover, the drug offers no protection against
mold infections, including aspergillosis.

A recent meta-analysis showed so little bene-
fit from prophylaxis that the authors concluded
there was insufficient evidence for its use.177

This certainly seemed to be the case in terms of
long-term survival, but doubts still remain
about the prevention of IFID per se. The studies
included in the meta-analysis also employed
different criteria for IFID. Thus, the fact remains
that a study necessary to prove a clear benefit of
prophylaxis over placebo at reasonable cost has
yet to be done, although this now seems highly
unlikely, since few will feel comfortable offer-
ing allogeneic HSC transplant recipients a
placebo.

The goal of prophylaxis must also be clear
and explicit. Preventing death due to IFID is
not the same as preventing IFID itself. This is
not simply an academic issue. Death is
regarded as a ‘hard’ fact, and, as such, is the
preferred endpoint for meta-analysis, health
economics, and by decision-makers. In contrast,
clinicians are much more interested in prevent-
ing morbidity, and thus, by implication, redu-
cing mortality. Although all studies of
prophylaxis will take account of deaths, the pri-
mary endpoint is the occurrence of IFID – hence
the importance of standard definitions, which,
fortunately, we now have at our disposal.

Apart from selecting natively resistant non-
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albicans Candida, including C. glabrata and C.
krusei, prophylaxis with fluconazole might also
lead to the development of superinfection by
Aspergillus fumigatus.178

A further problem will be in obtaining agree-
ment about how long such prophylaxis should
be maintained, since there are good reasons for
continuing it for as long as the patient is at any
risk of IFID, i.e. 1–2 years post HSC transplant,
or even for life.179 Other problems will arise in
choosing the agent for study. The azole antifun-
gal agents are the first choice, but the benefit of
fluconazole is limited to preventing IFID due to
Candida spp.; confidence in itraconazole is still
lacking, and other potential alternatives are still
to complete phase III trials. A lipid form of
amphotericin B would be worth studying, but
for the inordinate acquisition costs and the
reluctance to use the same drug for prophylaxis
that one would choose for treatment.

IFID – What’s in a name?
Intuitively, prevention of fungal infection
seems the simplest approach, especially since
the consequences of missing a case can be disas-
trous – but it is not. Firstly, candidiasis and
aspergillosis account for most IFIDs in allo-
geneic HSC transplant recipients and in neu-
tropenic patients in general,77,180,181 but these are
radically different entities. Candidiasis almost
invariably develops in patients already colo-
nized with the offending yeast,9,182,183 but there
are no internationally accepted criteria for
defining colonization and no standard methods
for determining it, although there is some
agreement that the same yeast should be recov-
ered from the same site on two separate occa-
sions or from at least two different sites on the
same occasion.9,182,183 The Candida spp., particu-
larly C. albicans, form part of the normal resi-
dent flora of the gastrointestinal tract, and are
easily detected in the oral cavity by culturing
the mucosal surfaces of the mouth or an oral
gargle. The gut is less straightforward to sam-
ple, since stools are not always available and
there is a general reluctance to take a rectal
swab because of the risk of bleeding. There is

also evidence that catheter-related infection due
to Candida is preceded by colonization by the
same species around the exit site, particularly
where Candida parapsilosis is concerned,184,185 but
routine surveillance swabs are not done.
Differences in sampling alone account for much
of the different sensitivities for detecting colo-
nization. Cultures may be done to obtain a pre-
sent/absent result (qualitative), or they can be
performed in such a manner as to provide an
estimate of numbers. Various different media
are used, with some simply relying solely on
standard bacteriological media, whilst others
include one specially designed to recover fungi.
A medium supplemented with an antibiotic to
suppress growth of bacteria to enhance detec-
tion of yeast without allowing any discrimina-
tion between the different species of yeast is
also inferior to the newer differential media
such as CHROMagar, which facilitate differen-
tiation of yeasts reliably.186 Not surprisingly, no
two methods yield the same results and many
will not even bear comparison. It is therefore no
surprise that many centers simply do not make
any attempt to detect colonization, deeming it a
waste of time and resources. Yet there are data
to show a clear association between carriage of
yeast and subsequent infection, and, just as
importantly, the lack of colonization is highly
predictive of IFID due to Candida spp. being
unlikely.182,183,187–189

There have been many attempts at suppress-
ing colonization by yeasts, including adminis-
tering the polyenes by mouth as well as giving
each of the azole drugs available, but success
varies and is unpredictable.176,190,191 Both nys-
tatin and amphotericin B have been given
orally to prevent fungal infection, although
there has never been a randomized controlled
trial. The practice seemed to have evolved from
several considerations. Nystatin was included
in the early decontamination regimens92,93,192 to
suppress the overgrowth by C. albicans that
occurred as a result of altering the ecology of
the gut microflora. The introduction of so-called
selective decontamination in Europe and the
availability of amphotericin B lozenges, tablets,
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and suspension led to its inclusion for the same
purpose.53,100,120 Doses vary widely, and up to
4 � 106 U/day nystatin is given, with variable
success and compliance. The suspension has
been most widely used, but tablets may be
more palatable and effective.193 Amphotericin B
may be effective against candidiasis when at
least 200 mg/day is given orally, although at
least 8 times this amount appears necessary to
suppress gut colonization,194 and, once again,
compliance is inconsistent.

Miconazole and clotrimazole suppress oral
colonization, and may both be more effective
than placebo, but the data are sparse.183,199

Ketoconazole, fluconazole, and itraconazole are
all effective in suppressing colonization, but
this is not translated into reducing infec-
tion.177,194 By contrast, fluconazole not only
reduces colonization and superficial infection
but also lowers the risk of developing dissemi-
nate candidiasis significantly.167,168,177,194,195

Similarly, itraconazole appears effective in sup-
pressing yeast colonization196–198 IFID due to
Candida spp., but not for that due to Aspergillus
spp.77,171,199 Also, no study has shown an appre-
ciable reduction in overall mortality, and there
has been little impact on fungal deaths.177,197

Moreover, because compliance will be variable
during mucositis and while the patient is suf-
fering the side-effects of ablative treatment,
both drugs may be given parenterally if treat-
ment is to be continued, which, up until
recently, limited the choice to fluconazole
because of the lack of a parenteral form of itra-
conazole.

In stark contrast to candidiasis, aspergillosis
only develops once the fungus has established
itself in the airways, and Aspergillus spp. are
never normal residents of the upper respiratory
tract. Thus, screening individuals at risk by tak-
ing specimens for culture is doomed from the
start. Certain specific molds such as A. niger
can be detected beforehand from nasal secre-
tions,200 and, as such, can identify those patients
at risk, but this seems to be of very limited
value and only to have been true in the context
of an outbreak. In theory, at least, it should be

possible to prevent the acquisition of molds
such as Aspergillus spp. simply by supplying
HEPA-filtered air. Many centers also ask
patients to inhale amphotericin B administered
in spray or nebulized form to destroy any spores
that might have been inhaled or be lingering in
the airways. Whilst single centers that espouse
the practice are convinced that it is effective,201–205

a large multicentre study failed to confirm this.206

Besides, even if this strategy were to work, it
would only help to suppress nosocomial IFID,
and would have little, if any, influence on the
course of disease established before admission.
Ultimately, the best prevention against
aspergillosis in neutropenic patients is still the
control of the underlying disease, with subse-
quent return of normal marrow function and
resolution of neutropenia207 and control of
GVHD in allogeneic HSC transplant recipients.76

Special case – Pneumocystis carinii
This erstwhile protozoon has now been reclassi-
fied as a fungus. Infections seldom develop,
and when they do occur, it is usually in patients
who are not protected by co-trimoxazole pro-
phylaxis,208,209 such as following allogeneic HSC
transplant in a setting of chronic steroid use or
GVHD. Co-trimoxazole 960 mg given once
daily or three times a week or 960 mg bid twice
weekly is still the first choice for prophylaxis,
with nebulized pentamidine providing a safer,
though less effective alternative when there is
intolerance.209,210 Dapsone is not considered suf-
ficiently effective, since significantly higher
rates of P. carinii pneumonitis have been
reported.211 When disease is apparent, co-
trimoxazole given parenterally at the higher
dose of 120 mg/kg/day in divided doses for 21
days remains first choice for therapy, irrespec-
tive of the severity.209

Does antifungal prophylaxis have few 
side-effects?

Unlike polyenes, all the azoles have the poten-
tial drawback of selecting the resistant species
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such as C. krusei and C. glabrata, and even, in
the long term, of inducing resistance in C. albi-
cans.212 However, reality does not quite bear this
out, since in one study, recovery of C. glabrata
steadily increased equally to around 30% in
patients whether or not fluconazole was given,
whilst C. krusei were isolated exclusively from
patients given the drug.213 In another study of a
similar patient population, the reverse was true,
with more C. glabrata being isolated from
patients given fluconazole, and C. krusei being
recovered equally.214

The azole drugs are all relatively safe, and
treatment seldom needs to be stopped prema-
turely because of actual side-effects. However
the nausea and vomiting experienced by
patients following cytotoxic chemotherapy is
sufficiently troublesome that one in every four
or five patients stop taking itraconazole
altogether.199,215 This makes the argument all the
more compelling for switching to parenteral
treatment – at least until all gastrointestinal tox-
icities are resolved and normal intake is
resumed. By contrast, patients seem to tolerate
fluconazole much better, and physicians are
already used to switching from oral to par-
enteral therapy and back again.

Fluconazole has the least potential to interact
with other drugs, although interactions with
cyclosporin have been reported when flucono-
zole doses higher than 200 mg/day are
given.216,217 This can be remedied by close moni-
toring of cyclosporin concentrations and renal
function.217 The increases in cyclosporin and
tacrolimus concentrations seen are modest
when these drugs are given orally, and may be
a result of fluconazole inhibition of gut metabo-
lism, resulting in greater absorption.218

By contrast ketoconazole, and to a lesser
extent itraconazole are more potent inhibitors
of cytochrome P450 3A4 which metabolize
drugs such as cyclosporin and tacrolimus.
Consequently a reduction in the dosage of the
immune suppressants is required and is even
seen by some as a beneficial interaction because
it results in lower drug consumption and,
hence, cost.219

Should antifungal prophylaxis be used?

Although most would wish for a broad-
spectrum agent that can be given both orally
and parenterally, an ideal candidate has yet to
become available. The presence of colonization
should be used to select those patients at higher
risk of IFID due to Candida spp., especially since
there has been no attempt to look at the poten-
tial benefit of antifungal prophylaxis only in
patients who actually carry the yeast on their
mucosal surfaces. Similarly, the type of cyto-
toxic chemotherapy used should be factored
into a decision about whether or not to give
prophylaxis.

Given the low incidence of aspergillosis in
the recent studies of prophylaxis, an alternative
approach seems to be warranted. The example
of ganciclovir is instructive here, since the drug
was considered too toxic to be given to every
allogeneic HSC transplant recipient at risk of
CMV infection. Investigators decided to turn to
the laboratory, which had a test at its disposal
for detecting the pp65 antigen of CMV. This led
to the creative solution of screening for the anti-
gen in patients at risk and only treating with
ganciclovir when there was a significant rise in
antigen titers, which was assumed to indicate
imminent infection. This pre-emptive approach
might prove worthwhile for patients at high
risk of developing pulmonary aspergillosis,
since there is an enzyme-linked immunosorbent
assay (ELISA) test for detecting galactomannan
antigen; patients’ plasma can be monitored two
to three times weekly, and, if antigen is
detected, treatment could be started on the
assumption that disease is imminent.82,220 A fur-
ther refinement would be to take a high-
resolution computed tomography scan of the
lung, and only start treatment if this showed
abnormalities consistent with an infective
process. One strategy for managing aspergillo-
sis would be to define the risk as shown in
Figure 12.3 and then choose the type of treat-
ment. When the risk is remote, prophylaxis
would only be indicated for special groups,
such as allogeneic HSC transplant recipients.
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During neutropenia, any patient at risk who
has developed fever that persists for 3–5 days
but remains unexplained and is refractory to
empiric antibacterial therapy would be con-
sidered a candidate for empiric antifungal
therapy. At the other extreme, the few cases for
which the diagnosis is proven by detecting fun-
gus in the tissue obtained from the site of infec-
tion would clearly be candidates for vigorous
specific therapy. Those patients who are at risk,
and have some clinical manifestation of disease
such as a pulmonary infiltrate, would be con-
sidered probable cases, provided that the labo-
ratory has detected the presence of the fungus
in blood or other body fluids and secretions
directly by culture or microscopy or indirectly
by detecting antigen or by polymerase chain
reaction (PCR).

Is prophylaxis effective in preventing viral
infection?

Herpes simplex
Acyclovir has been used routinely for HSC
transplant recipients for the two decades since it
was shown to be very effective in preventing
lesions after reactivation of viral infection but
less so in halting viral shedding.221 Reactivation
tends to occur when pretransplantation herpes
simplex IgG titers exceed 10 000 units using the
ELISA test. This method has been used by some
to decide whether or not to initiate prophylaxis
in patients being treated with conventional-dose
chemotherapy for malignant diseases. In con-
trast, prophylaxis forms an integral part of the
prophylaxis schedule of HSC transplant recipi-
ents.222 The discussion has focused more on for
how long treatment should be continued and
whether or not there is any measurable effect on
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the development of CMV disease.222 Opinions
are still divided, with some concluding categori-
cally that acyclovir has no impact whatsoever
on the frequency of CMV infections,223 or on the
incidence of CMV disease and CMV-related
mortality – at least when ganciclovir is given
either at engraftment or for CMV pp65 antigene-
mia.224 Others claim the contrary, with a 20%
survival advantage one year from transplant,
provided that acyclovir is given intravenously
in high doses (500 mg/m2 three times a day) 5
days before transplant to 30 days after trans-
plant, followed by 800 mg given orally four
times a day for 6 more months.225 There is also
some dissent about general prophylaxis for HSC
transplant recipients, since restricting the drug
to treating active infection would prove more
cost-effective,226 and many centers administer it
to every patient no matter what their serological
status. Restricting prophylaxis to only those
who are seropositive would clearly be justified,
as might the application of a more stringent pol-
icy, such as using a titer higher than 10 000 as a
threshold to institute therapy. Few clinicians
would be happy nowadays to await infection
before acting, since this would be seen as lead-
ing to unnecessary suffering, especially since
acyclovir has so few side-effects.

It has also been suggested that herpes sim-
plex infection might account for over 90% of
episodes of otherwise unexplained persistent
fever.227 The role that herpes plays in causing
fever seems to be clear, since the number of
non-fungal oral infections was reduced and the
onset of fever was delayed by the use of acy-
clovir prophylaxis, although the duration of
fever, use of antibacterial treatment, occurrence
of bacteremia, and need for systemic antifungal
therapy were not affected.228 An earlier study
showed that oral prophylaxis was associated
with a reduction of all microbiologically
defined infections, although the drug was only
given during remission-induction therapy.229

Cytomegalovirus
Acyclovir given intravenously in high doses
has been advocated as prophylaxis, but the

issue is still controversial. A survey conducted
by the European Group for Blood and Marrow
Transplantation of 70 centers in 20 countries
showed that prophylaxis was used in 59 centers
(84%), with high doses of acyclovir being
employed in 42 centers and ganciclovir in only
7.230 Fifty four (77%) of the 70 centers who
responded to the survey used prophylaxis.
However, therapy was started early by 53 cen-
ters (76%), mostly on the basis of detection of
viremia or CMV antigen in the blood, with
CMV pneumonia being treated by using a com-
bination of ganciclovir and intravenous
immunoglobulin in 64 (91%) centers. Pro-
phylactic therapy with ganciclovir is generally
given from the time of engraftment up to 3–4
months post-transplantation to all patients at
risk of CMV disease, whilst the pre-emptive
approach is reserved for those with evident
CMV infection. Each strategy has advantages
and disadvantages, and there is no evidence for
the superiority of one over the other, since the
overall survival is the same and the incidence of
death from CMV disease is similar.231

Fortunately, laboratories are now equipped
with the means of detecting active CMV infec-
tion before disease becomes apparent, thereby
allowing ganciclovir to be given pre-emptively,
which has significantly decreased the incidence
of disease and mortality following allogeneic
HSC transplantation.232 There are several assays
available for quantifying human CMV in the
blood of immunocompromised patients, pro-
viding the only reliable indication of the degree
of dissemination of CMV infection. These tests
all detect CMV in peripheral blood leukocytes
by culture, pp65 antigenemia, or quantitative
PCR. The threshold values above which
CMV-related clinical symptoms are likely to
appear have been estimated to be 10 or more
for viremia, 100 for antigenemia and 1000
genome equivalents respectively.233 However,
as with all diagnostic tests, each test differs in
its ability to predict a positive or negative risk
of developing CMV disease.234 Moreover, the
underlying prevalence of CMV disease will dif-
fer from one study to the next, depending upon
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the risk factors present and the degree of bias in
selecting the population. For instance, T-cell-
depleted stem cell grafts result in less GVHD,
which, in turn, lowers the risk of CMV disease.
Each strategy has its strengths and weaknesses,
and there is no evidence that the overall
survival differs or that the incidence of death
from CMV disease is different.235

Does antiviral prophylaxis have any 
side-effects?

Acyclovir has proven remarkably safe with
resistance occurring rarely. In contrast, routine
use of ganciclovir is considered too toxic to be
justified for prophylaxis, except in very high-
risk patients, since the risk of harm is con-
sidered to outweigh the perceived benefit,
mainly because of persistent neutropenia.87

Should antiviral prophylaxis be used?

There is more evidence in favor of giving acy-
clovir as prophylaxis against herpes simplex
infection than there is for waiting until infection
develops to institute therapy. With CMV, quite
the opposite is true. Patients at risk should be
monitored for reactivation, which, when it
occurs, should provide the trigger for starting
treatment pre-emptively with ganciclovir.

CONCLUSIONS

Since not all neutropenic patients are the same,
and some risk factors are already known, perhaps
it is now time to apply this knowledge prospec-
tively. For instance, we know that patients given
selective oral antimicrobial prophylaxis who
develop mucositis and bacteremia due to Gram-
positive cocci and who are colonized with Candida
are at higher risk of candidiasis than are other
patients. We also know that cytotoxic regimens
prone to induce damage to the gut mucosa also
place the patient at greater risk for developing the

same disease. Hence, treatment with cytarabine,
colonization with C. albicans, and prophylaxis
with a fluoroquinolone could be used to select
candidates for fluconazole or itraconazole pro-
phylaxis. On the other hand, there seems no point
in attempting prophylaxis against Gram-negative
infection when neutropenia is likely to be shorter
than 7 days or neutrophils are unlikely to drop
below 0.5 � 109/l and mucositis is likely to be
mild or absent, since co-trimoxazole and the fluo-
roquinolones both require at least a week before
the bacilli are effectively suppressed.235–237

Similarly, seronegativity for herpes simplex
should be used to preclude acyclovir prophylaxis,
whilst allogeneic HSC transplant recipients are at
greater risk of aspergillosis if they have been
given methotrexate for prophylaxis against
GVHD and have experienced other nosocomial
infections before the diagnosis of pneumonia.238

Prolonged neutropenia is also a major risk factor
for aspergillosis.239

From being as much a matter of faith as sci-
ence, chemoprophylaxis is slowly evolving to a
more rationale basis for its use as our under-
standing of the prognostic factors for infection
during neutropenia becomes more comprehen-
sive and we start to apply the tools at our dis-
posal to identify those most at risk. The
principles of evidence-based medicine are now
being adopted more readily to help us move
from conviction to fact. Equally important, the
Hippocratic principle of at least doing no harm
if one cannot do any good has acquired new life
as we embrace the two sides of chemoprophy-
laxis – namely a drug may still be effective, but
not good enough to outweigh the toxicities.
Also, we now accept the need to have a better
estimate of the prevalence of an infectious dis-
ease in our own particular patient group and to
decide on the size of risk reduction that we con-
sider important before deciding on whether to
act on the evidence. The costs of implementing
prophylaxis or not also have to be considered in
the broadest sense, since effective drugs tend
also to be expensive and should not be squan-
dered, whilst losing a patient because of parsi-
mony is usually a false economy, winning only
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opprobrium. Equally, these decisions cannot be
taken alone or in isolation, since they need to
involve laboratories, pharmacists, and nurses,
as well as clinical managers, more directly in
decision making and in melding the evidence
with experience to achieve optimum results.
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13
Cytokines and WBC transfusions
Katarzyna J Finiewicz, John R Wingard

INTRODUCTION

Neutropenia in cancer patients most often
results from cytotoxic chemotherapy or irradia-
tion. Occasionally, a low granulocyte count
may also be caused by marrow replacement
with the tumor. Bone marrow failure states not
related to a malignancy or its treatment account
for only a minority of the cases of neutropenia
seen in clinical practice.

The association of neutropenia with infection
was first recognized and reported in 1966 by
Bodey et al.1 The depth as well as the duration
of neutropenia both contribute to the risk of
infectious complications. The frequency of
infection increases progressively as the neu-
trophil count decreases below 1000/µl, reach-
ing the highest level when the count falls below
100/µl. The likelihood of neutropenic infection
also correlates with the duration of neutrope-
nia; patients in whom the process of recovery
lasts longer than 10–14 days are at particularly
high risk for serious infectious complications.
While most neutropenic infections are bacterial,
after the first 10–14 days, the spectrum of infec-
tious pathogens expands to encompass invasive
fungi as well as other opportunistic organ-
isms.2,3 Long-lasting neutropenia is associated
with poor response rates to antibiotics and pro-
longed hospital stay.4

Neutropenic fever after chemotherapy has
customarily been treated with intravenous
antibiotics. In severe infections not responding
to antibiotics, granulocyte transfusions have
occasionally been employed. Despite remark-
able progress attained in the treatment of neu-
tropenic fever, achieved with the use of empiric
broad-spectrum antibiotics, morbidity from
neutropenic infections remains considerable. As
effective as antibiotics are, they are ultimately
limited by the potential for emergence of drug
resistance. Thus, other measures that can
reduce the use of antibiotics have been sought.
Attempts to attenuate neutropenia led to the
development of recombinant myeloid growth
factors. Two myeloid growth factors currently
available for therapeutic use in the USA are
recombinant human granulocyte colony-
stimulating factor and recombinant human
granulocyte–macrophage colony-stimulating
factor. Both of these growth factors stimulate
proliferation and maturation of myeloid pro-
genitor cells. Both molecules predictably
decrease the depth and duration of neutropenia
after myelotoxic cancer therapy.

In this chapter, we shall summarize the data
from available clinical trials conducted to eval-
uate the efficacy of hematopoietic growth fac-
tors in the treatment of a neutropenic patient
after myelotoxic cancer therapy. We shall



present and discuss the indications for
hematopoietic growth factors in light of the
changes in treatment of neutropenic fever that
have evolved over the last few years. The role
of granulocyte infusions as an alternative
method of abating the effects of prolonged neu-
tropenia will also be reviewed.

MYELOID GROWTH FACTORS

Hematopoiesis and hematopoietic growth
factors

Hematopoiesis is an orderly, continuous
process by which primitive, multipotent pro-
genitor cells give rise to mature hematopoietic
cells.5,6 The net composition of the hematopoi-
etic cell compartment is a result of continuous
interplay between pluripotent stem cells,
maturing progenitors, bone marrow stroma,
and hematopoietic growth factors. The interac-
tions between the specific components of the
hematopoietic cell compartment maintain a
state of dynamic equilibrium, a state precisely
regulated to maintain the concentration of
mature blood cells in the circulation within a
narrow homeostatic range. In response to a spe-
cific stimulus, the hematopoietic system is capa-
ble of rapid expansion of production of mature
cells, up to 10-fold within several days. This
occurs mainly owing to an increased matura-
tion of committed progenitors.

The compartment of the hematopoietic sys-
tem predominantly engaged in the response to
infection is myelopoiesis. The baseline produc-
tion of the neutrophils in the bone marrow is
about 1.0 � 1011/day in a healthy individual,
which increases several-fold with infection.6,7

After myeloid precursors mature, they are
released into peripheral blood, where they sur-
vive approximately 6–10 hours. Half of the neu-
trophils in peripheral blood freely circulate,
while the other half remain in the microcircula-
tion, adherent to vascular walls in the marginal
pool. Neutrophils from the microcirculation can
be mobilized to circulate by stress or by med-

ications such as epinephrine (adrenaline) or
corticosteroids. However, neutrophilia induced
by growth factors occurs mainly through the
stimulation of the myeloid progenitors in the
bone marrow to increase production.

In the complex process of hematopoiesis, the
role of hematopoietic growth factors is both
permissive and instructive.8–12 Hematopoietic
growth factors maintain the survival of the
early hematopoietic progenitor cells by pre-
venting apoptosis. They also promote their 
proliferation, facilitate and direct their
differentiation, and activate effector functions
in mature cells. Although the commitment of
multipotent hematopoietic progenitor cells to a
specific lineage is most likely random, further
development depends on the instructional
influence of the microenvironment, in which
hematopoietic growth factors serve a crucial
role.

Hematopoietic growth factors are produced
by a variety of stromal and hematopoietic cells.
Most act locally, where they are produced, but
some have hormone-like activity. One cell may
be capable of producing several growth factors.
The production of each growth factor is subject
to precise regulation by multiple autocrine and
paracrine loops. Like hematopoietic cells,
hematopoietic growth factors exist in hierarchy;
some are multipotent and affect both early and
late progenitor cells, while others are lineage-
specific. The pleotropic potential of many of the
hematopoietic growth factors significantly lim-
its their application as therapeutic agents, since
the clinically desired effect may be accompa-
nied by a spectrum of potentially deleterious
effects. Hematopoietic growth factors interact
with progenitor cells through specific receptors.
Each growth factor receptor is characterized by
affinity for several different growth factors,
which can act in synergy.

Clonal culture techniques to grow different
marrow progenitor colonies in vitro have
allowed the identification of hematopoietic
growth factors with colony-stimulating activ-
ities: granulocyte–macrophage colony-
stimulating factor (GM-CSF), granulocyte
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colony-stimulating factor (G-CSF), macrophage
colony-stimulating factor (M-CSF), and multi-
colony stimulating factor (multi-CSF) or
interleukin-3 (IL-3).11 All four have been puri-
fied and defined genetically. The first two, GM-
CSF and G-CSF, have been manufactured
through recombinant engineering technology
and made available for clinical use. The latter
two, M-CSF and IL-3, were tested in clinical
trials, but were withdrawn from further devel-
opment because of undesirable toxicities. As the
names indicate, GM-CSF and G-CSF preferen-
tially stimulate growth and maturation of cells
with myeloid differentiation, and for this
reason will be referred to further as myeloid
growth factors (MGFs).

The wide use of hematopoietic growth fac-
tors in clinical practice raised theoretical con-
cerns about potential deleterious influences on
hematopoiesis, leading to stem cell exhaustion
or ‘stem cell steal’. Stem cell steal can theoreti-
cally result from preferential commitment of
stem cells to one specific lineage directed by the
specific growth factor, limiting differentiation
to other lineages. Stem cell exhaustion refers to
the hypothetical possibility of stem cell deple-
tion from repeated stimulation of marrow by
growth factors. Neither of the two myeloid
growth factors currently available in clinical
practice appears to be able to recruit the stem
cell directly, since they act on more committed
myeloid precursors. Based on observations of
patients treated with MGFs for months and
even years, the concern that any of these two
phenomena truly occur in humans does not
seem substantiated, and MGFs seem quite safe
in this regard.

Biology of recombinant myeloid growth
factors

Human G-CSF is a glycoprotein of approxi-
mately 20 kDa.13,14 G-CSF is encoded by a single
gene located on human chromosome 17q21–22.
G-CSF is produced by activated macrophages,
endothelial cells, and fibroblasts, as well as by

bone marrow stromal cells. The G-CSF receptor
is a type I membrane protein belonging to the
hematopoietic growth factor receptor family,
but, unlike other receptors in this family
(including the GM-CSF receptor), which func-
tion as heterodimers or heterotrimers to bind to
their ligands, the receptor for G-CSF seems to
function as a homodimer. Expression of the
G-CSF receptor is specifically restricted to neu-
trophilic progenitors, mature neutrophils, and
various myeloid leukemia cells (Figure 13.1).
After stimulation, the G-CSF receptor trans-
duces the signals for both proliferation and dif-
ferentiation.

G-CSF functions as the physiologic regula-
tory factor for circulating granulocytes.
Increased serum levels of G-CSF can be
detected in patients with neutropenia, falling
with neutrophil recovery. Recombinant G-CSF
elevates the level of circulating neutrophils 
in a dose-dependent fashion.15,16 Neutrophilia
results from the shortening of the postmitotic
marrow transit time from approximately 6 days
to as short as 3 days with higher doses, without
affecting circulating neutrophil lifespan or the
distribution between the marginal and circulat-
ing pools. Within 3–4 days after the start of
G-CSF, immature and committed progenitor
cells appear in the circulation (Figure 13.1). In
addition to its hematopoietic effect, G-CSF
appears to modulate the function and microbi-
cidal capacity of mature neutrophils (Table
13.1).16–20

Human GM-CSF is a glycoprotein with a
molecular mass of approximately 22 kDa and a
three-dimensional structure composed of two
pairs of antiparallel � helices.21,22 The human
GM-CSF gene is located on the long arm of
chromosome 5, near other cytokine genes.
GM-CSF can be produced by a number of dif-
ferent cells: T lymphocytes, macrophages,
endothelial cells, fibroblasts, and stromal cells,
as well as various malignant cells. GM-CSF
receptors are found on hematopoietic cells as
well as on various non-hematopoietic cells such
as trophoblasts, endothelial cells, oligodendro-
cytes, and some malignant cells.23 GM-CSF
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Figure 13.1 The biological effects of G-CSF and GM-CSF
on myeloid progenitors are illustrated. The darkly shaded
cells are those that are affected by G-CSF: differentiated
myeloid precursors from the CFU-GM stage to the mature
neutrophil. GM-CSF affects the same progenitors, but also
earlier precursors (CFU-GEMM) and monocytoid,
macrophage, and dendritic lineages (lightly shaded cells).



receptors have not been found on lymphocytes.
The GM-CSF receptor is composed of two sub-
units: a ligand-specific � chain that forms a low-
affinity complex with GM-CSF and a � chain

that has no detectable binding to GM-CSF, but,
together with the � chain, forms a high-affinity
receptor. The � chain is essential for high-
affinity binding and signaling of IL-3 and IL-5.
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Table 13.1 Comparison of biologic functions of G-CSF and GM-CSF

Target hematopoietic cell Biologic function G-CSF GM-CSF Therapeutic applications

Myeloid progenitor cells • Increased proliferation � � Mobilization of myeloid
• Increased differentiation � � progenitor cells to

peripheral blood in
preparation for SCTa

Neutrophils • Maintenance of steady-state � � Control of infection
neutrophil numbers

• Increased antimicrobial � �

activity
• Increased phagocytosis � �

• Increased chemotaxis � �

• Increased cytokine release � �

• Enhanced oxidative activity � �

Macrophages and • Increased intracellular � � Control of infection
monocytes killing

• Increased phagocytosis � � Enhancement of immune
• Increased APCb function; � � system response to

ADCCc infection and/or tumor
• Increased cytokine release � �

• Enhanced oxidative activity � �

Dendritic cells • Increased production � � Enhancement of immune
• Increased differentiation � � system response to
• Increased APCb function � � infection and/or tumor

Structural cells • Induction of migration and � � Promotion of wound healing
(endothelial cells, proliferation
fibroblasts, • Increased adhesion � �

keratinocytes) molecule expression

a SCT, stem cell transplantation. b APC, antigen-presenting cell. c ADCC, antibody-dependent cellular cytotoxicity.



The recombinant GM-CSF molecule stimu-
lates proliferation and maturation of a bipoten-
tial neutrophil and macrophage progenitor,
which leads to the release into peripheral blood
of monocytes and macrophages in addition to
neutrophils (Figure 13.1).24–26 Treatment with
GM-CSF also enhances the function of mature
neutrophils, monocytes, and macrophages by
increasing antimicrobial activity, chemotaxis,
and proinflammatory cytokine release. GM-CSF
has a significant effect on the antigen-
presenting function of antigen-presenting cells
(APC). Specifically, in vitro studies have
demonstrated that GM-CSF acts as the major
stimulatory cytokine for the production, differ-
entiation, and viability of dendritic cells (Table
13.1). Thus, GM-CSF appears to act not only as
a stimulant of peripheral blood neutrophil
recovery but also as an enhancer of several
other components of the immune system’s
response to infection and malignancy.27,28

Both GM-CSF and G-CSF have been tested to
shorten neutropenia in chemotherapy-induced

aplasia and in bone marrow failure states from
other causes. MGFs have also been utilized in
the collection of stem cells in preparation for
stem cell transplantation. The impact of MGFs,
especially GM-CSF, on the function of mature
myeloid cells holds great potential for future
use, but at the present time remains investiga-
tional.

Parameters used to evaluate the benefits of
MGFs

The parameters that should be considered in
the assessment of the benefit from MGFs in a
particular clinical situation can be grouped into
three categories: (1) laboratory values, (2) clini-
cal events, and (3) resource utilization (Table
13.2).29 The accelerated recovery from neutrope-
nia consistently seen with MGFs does not
always translate into less infectious morbidity
and mortality. Therefore, the duration of neu-
tropenia is not necessarily a useful surrogate
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Table 13.2 Parameters considered in the assessment of the benefit from recombinant myeloid growth
factors

Laboratory values • Leukocyte count, neutrophil count
• Functional assays of neutrophils and monocytes

Clinical events • Rates and severity of documented infection,
fever, sepsis syndrome, infectious
morbidity, and infectious mortality

• Disease control
• Survival
• Quality of life
• Mucositis and other toxicities

Resource utilization • Antibiotics, antifungal agents and granulocyte
transfusions

• Length of hospitalization
• Diagnostic procedures
• Cost



marker for clinically relevant outcomes. The
most important measure of the value of MGFs
is their effect on clinical events, such as rate and
severity of infections, survival, and quality of
life (QoL).

Savings in resource utilization (e.g. antibiotic
utilization, diagnostic tests performed, and
duration of hospitalization) are becoming more
relevant in an increasingly cost-conscious
environment, and are now commonly used to
justify treatment with costly MGFs, even in
situations where clinical gains are not apparent.
However, pharmacoeconomic calculations may
be misleading. The lack of consistency in para-
meters used in clinical decision making by vari-
ous investigators limits the extrapolation of the
information obtained from clinical trials and
prevents valid comparative analyses. The
threshold for initiating supportive treatment
such as antibiotics or blood product transfu-
sions or the criteria used for discharge vary sig-
nificantly from center to center. Practices using
more stringent criteria may not appreciate the
same magnitude of savings as observed in clini-
cal trials where much more conservative
approaches were applied. Additionally, savings
in the field of supportive care are subject to
change over time. This is best illustrated by the
shifting care of cancer patients from an inpa-
tient to outpatient setting, which obviously
undermines the significance of shortened hos-
pital stay demonstrated by many studies.

Role of MGFs in the management of patients
undergoing chemotherapy

In 1991, recombinant G-CSF (filgrastim,
Neupogen) became approved by the US Food
and Drug Administration (FDA) for clinical
use, initially for protection from chemotherapy-
induced neutropenia and then for shortening of
neutropenia and reduction of fever following
bone marrow transplantation (BMT). This was
soon followed by approval of GM-CSF (sar-
gramostim, Leukine) for acceleration of neu-
trophil recovery after autologous BMT in

patients with lymphoid malignancies (see Table
13.3 for a summary of the available formula-
tions of G-CSF and GM-CSF and their
approved indications). Since then, both G-CSF
and GM-CSF have gained wide acceptance in
oncology clinical practice as an adjunct to
chemotherapy in three clinical settings:

(1) primary prophylaxis, during the first
chemotherapy cycle to prevent anticipated
neutropenic infectious complications;

(2) secondary prophylaxis, during subsequent
chemotherapy cycles, after documented
occurrence of neutropenic fever during the
prior cycle;

(3) therapeutic setting, for adjunctive treatment
of established neutropenia with or without
fever.

The potential for broad application of these
costly agents called for the need to define the
clinical settings for their most appropriate use.
A group of oncologists was convened by the
American Society of Clinical Oncology (ASCO)
to review information obtained from clinical
trials and comment on the appropriateness of
use of MGFs in the treatment of neutropenia
and neutropenia-related complications. As a
result, in 1994, a set of guidelines for the use of
MGFs in particular clinical situations was pub-
lished (the ASCO guidelines).30 In short, the
ASCO guidelines judged the use of MGF to be
suitable: (1) in primary prophylaxis for patients
with an expected likelihood of neutropenic
fever of over 40%; (2) in secondary prophylaxis,
after a documented neutropenic fever during
the prior chemotherapy cycle to reduce infec-
tious complications and maintain chemother-
apy dose intensity in subsequent cycles; and (3)
after stem cell transplantation (SCT) to enhance
hematopoietic recovery and to treat engraft-
ment failure. The use of MGFs was judged to
offer only a marginal benefit in other clinical
settings, and was not supported by published
evidence under usual circumstances. Since
guidelines are meant to be updated periodi-
cally, on the basis of new evidence, the ASCO
guidelines panel reviewed the interim literature
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and in 1996 published an update that added a
recommendation to use MGFs in patients over
54 years of age with acute myeloid leukemia
(AML) after completion of induction
chemotherapy.31 An extensive revision to the
original 1994 ASCO guidelines was recently
published, based upon a review of all the new
literature since 1994.32 A current summary of
the 2000 ASCO Clinical Practice Guidelines for
MGFs is given in the Appendix.

Owing to a paucity of data on MGF influence
on such clinical events as infectious morbidity
and mortality, the ASCO panel used a number
of indirect measurements of clinical benefit in
assessing trial results: effects on neutrophil
count, rates of neutropenic fever, antibiotic

therapy requirements, and need for hospitaliza-
tion. These secondary endpoints were con-
sidered valid surrogate measures if they were
thought to be reflective of more meaningful
clinical outcomes, such as decreased infectious
morbidity and mortality or an improvement in
QoL. The same measures were also used to
estimate the magnitude of economic gain from
MGFs. It should be noted that both improve-
ment in QoL and economic gains can be meas-
ured directly, by applying QoL scales and by
performing cost–benefit analyses. However, the
direct methods, although more accurate and
reliable, were used in only a few randomized
trials performed prior to 1994. They are being
increasingly incorporated in the design of more
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Table 13.3 Commercially available formulations of recombinant G-CSF and GM-CSF, and their
approved usesa

Generic name Trade name Countries Indicationsb

G-CSF Filgrastim Neupogen Europe, USA, Canada, CIN, BMT, PBPC, SCN, AL
Australia

Gran Japan, Taiwan, Korea, CIN, BMT, AL, AA, SCN,
China MDS, HIV

Lenograstim Neutrogin Japan, China CIN, BMT, SCN, MDS, AA

Granocyte Europe, Australia CIN, BMT

Nartograstim Neu-UP Japan CIN, BMT, SCN, AA

GM-CSF Molgramostim Leukomax Europe CIN, BMT, AIDS

Canada CIN, BMT

Sargramostim Leukine USA PBPC, BMT, AL

a Reprinted with permission from Armitage.27

b AA, aplastic anemia; AIDS, acquired immune deficiency syndrome; AL, acute leukemia; BMT, bone marrow transplantation;
CIN, chemotherapy-induced neutropenia; HIV, human immunodeficiency virus; MDS, myelodysplastic syndrome; PBPC,
peripheral blood progenitor cell transplantation; SCN, severe chronic neutropenia.



recent trials, which will hopefully provide more
precise assessments.

Use of MGFs as primary prophylaxis in
patients with solid tumors and lymphomas

The majority of trials examining primary pro-
phylaxis were aimed at demonstrating a
decrease in the incidence and duration of neu-
tropenia, leading to a reduction in the rate of
serious infections and improved survival. Four
studies utilizing G-CSF and five studies utiliz-
ing GM-CSF in primary prophylaxis had been
reported by 1994, and were considered in the
ASCO guidelines analysis (Tables 13.4 and
13.5).30 Patient population in these trials was
heterogenous, and included solid tumors as
well as non-Hodgkin’s lymphomas (NHL).

All four of the studies evaluating G-CSF
demonstrated a reduction in the severity and
duration of neutropenia (Table 13.4).33–36 In
addition, a decrease in the incidence of neu-
tropenic fever by approximately 50% was seen.
None of the studies showed a reduction in seri-
ous morbidity or mortality from infectious com-
plications. A decreased length of hospital stay
and length of treatment with intravenous
antibiotics was appreciated in only two
studies.33,34 One more recent study of G-CSF in
primary prophylaxis involved adults with lym-
phoma.37 Similar to the results of the earlier
investigations, there was a shortening of neu-
tropenia and a decrease in neutropenic fever,
but no other advantage.

Three of five trials of GM-CSF for primary
prophylaxis demonstrated a shortening of neu-
tropenia (Table 13.5).38–42 The effect on neu-
tropenic fever was inconsistent. A possible
explanation for an apparent diminished efficacy
of GM-CSF in comparison with G-CSF was
inclusion of patients with a lower risk of neu-
tropenia in the GM-CSF trials, which made
detection of a positive effect more difficult.
Alternatively, differences in biologic effects
between the two growth factors could also
account for the observed different results.

Interestingly, the only randomized trial directly
comparing the two agents in primary prophy-
laxis of chemotherapy-related neutropenic fever
found them to be equivalent in efficacy.43

The impact of MGFs on healthcare resource
utilization was examined using a risk-
assessment model developed by Lyman et al to
allow extrapolation of the data from the above
cited trials to a broad population of patients
treated with various chemotherapy regi-
mens.44,45 In general, the use of prophylactic
MGFs was found to be cost-effective only in
patients whose risk of neutropenic fever
exceeded 40% over the course of chemotherapy.
The model assumed that all patients with neu-
tropenic fever would be hospitalized and
treated with intravenous antibiotics until reso-
lution of neutropenia and all signs of infection.

However, one can justly question whether
such an analysis is applicable today. In
response to the necessity to control health care
costs, many oncologic therapies, including sup-
portive care, have been moved from an inpa-
tient to outpatient setting, as noted earlier.46–49

The introduction of long-acting and oral broad-
spectrum antibiotics, as well as the widespread
availability of home care services, now allow
many low-risk patients with neutropenic fever
to be treated on an outpatient basis. Such
changes in practice necessitate re-examination
of the assumptions that formed the recommen-
dations for the use of MGFs based on cost
analyses performed years ago.

The decision analysis model employed by
the ASCO expert panel has another important
limitation: the estimate of the risk of neu-
tropenic fever has been based exclusively on
the myelotoxic potential of the chemotherapy
regimen. Inclusion of additional factors that
could help to predict prolonged, severe neu-
tropenia in an individual patient was encour-
aged, but left entirely to the judgement of the
treating physician. These risk factors were:
bone marrow compromise from marrow
involvement by the tumor, cumulative toxicity
from prior chemotherapy and/or irradiation,
and a history of severe neutropenia with prior
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chemotherapy regimens. More recent clinical
observations demonstrated that the risk of infec-
tious complications following chemotherapy is
also clearly influenced by a number of other
host-related and disease-related factors, such as
age, the presence of comorbidity, the type and
degree of control of the primary cancer, and
whether or not the fever occurred in an inpatient
or outpatient setting.50–57 A better understanding
of all risk factors could allow development of a
better risk-stratified approach.

Quality of life is often considered another
way to appraise the value of MGF. An improve-
ment in QoL is certainly an important goal in
the management of cancer patients; however, it
is one that is not easy to measure. It has never
been convincingly demonstrated that shorten-
ing the duration of a hospital stay represents an
appreciable improvement in QoL. An answer to
this question should be directly evaluated in
future clinical studies.

Interestingly, an ASCO survey investigating
the compliance of oncologists with the ASCO
guidelines concluded that many physicians tend
to use growth factors freely, regardless of the
myelosuppressive potential of the chemotherapy
regimen employed.58 The tendency to overuse
growth factors in primary prophylaxis may be in
part explained by a lack of appreciation of the
fact that only a few of the chemotherapy regi-
mens routinely used for treatment of solid
tumors or lymphoma produce severe myelosup-
pression with associated risk of febrile neutrope-
nia exceeding 40% (see Table 3 in the ASCO
recommendations30). It should be noted that
none of the chemotherapy regimens used in any
of the positive trials of primary prophylaxis
could be described as the standard of care for the
neoplasms treated. Instead, the regimens that are
considered the standard of care today are much
less myelosuppressive.

Use of MGFs in dose-intensive regimens

The effectiveness of dose intensification by com-
bining multiple agents in non-cross-resistant

combinations, as outlined in the Goldie–Coleman
hypothesis,59 has been established for such
tumors as leukemia, lymphoma, early-stage
breast cancer, and small cell lung cancer.
Introduction of growth factors allowed the devel-
opment of new dose-intensive and/or schedule-
intensive chemotherapy regimens, with the hope
that they would lead to increased tumor response
rates and improved survival. Many such intensi-
fied regimens are currently being tested in clini-
cal trials. The studies evaluating the role of MGFs
in delivery of intensive chemotherapy can be
grouped into two categories: (1) randomized
studies between two identical intensive regimens
with or without MGF support,60–64 and (2) ran-
domized studies between a new intensive
chemotherapy regimen that could not be admin-
istered without MGF support tested against the
less intensive standard of care that usually does
not require MGF support.65

Whether such a strategy will demonstrate a
beneficial impact on disease control or long-term
survival outcomes remains to be proven. The
early results of clinical trials have been quite vari-
able.60–64 Most studies failed to show an improved
survival. Interestingly, one recent trial of dose-
intensive chemotherapy regimen with G-CSF
support in patients with small cell lung cancer
demonstrated improved survival without
impairment in QoL.66 However, in light of the
disappointing experience with treating small cell
lung cancer by high dose chemotherapy with
stem cell support, this finding is surprising and
needs confirmatory trials. Although MGF usage
was successful in alleviating neutropenia, the
non-hematologic toxicities became limiting with
dose escalation. For example, a higher incidence
of dose-limiting thrombocytopenia offset the ben-
efit of shorter duration of neutropenia in one
trial. Additionally, the preliminary analysis of a
trial of dose-escalated chemotherapy regimen for
Hodgkin’s disease, BEACOPP, revealed an
increased rate of secondary malignancies in
patients on the dose-intensified treatment arm – a
finding that raises valid concerns.65

Several trials testing the role of dose-
intensified treatment regimens are underway.
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Their results will be of utmost interest, particu-
larly in two diseases with well-documented
dose–response effect: lymphoma and breast
cancer.

Use of MGFs in secondary prophylaxis

There has been no large prospective random-
ized trial to validate the use of MGFs for sec-
ondary prophylaxis. A small study of GM-CSF
patients with lymphoma was inconclusive.67 The
1994 ASCO recommendation for the use of MGF
in this setting had been based on the data pro-
vided by the study of G-CSF in primary prophy-
laxis for patients receiving chemotherapy for
small cell lung cancer.33 In that study, patients
on the placebo arm who developed neutropenic
fever during the first chemotherapy cycle were
crossed over to the G-CSF arm for the second
cycle. Treatment with G-CSF significantly short-
ened the duration of neutropenia (2.5 days ver-
sus 6 days) and prevented the recurrence of
fever following the second, full-dose cycle of
chemotherapy in 77% of patients. The impact on
serious morbidity and mortality was not
assessed. Interestingly, only 5% of patients on
both arms who did not have fever during the
first cycle of chemotherapy developed neu-
tropenic fever during the second cycle. Based on
this observation, the ASCO expert panel found
the use of MGF in the setting of secondary pro-
phylaxis justifiable, with the caveat, however,
that an alternative maneuver, namely
chemotherapy dose reduction, should be given
first consideration in the palliative setting.

The appropriateness of choosing MGF sup-
port over chemotherapy dose reduction
remains a matter of controversy. An ASCO poll
of MGF usage conducted in 199758 found that in
diseases with particularly high cure rates (such
as testicular cancer), oncologists tend to use
MGF for secondary prophylaxis after the first-
cycle neutropenia, even in the absence of
fever.58,68,69 This pattern of clinical care can be
accounted for by the practitioner’s belief that
chemotherapy dose reduction might negatively

affect the final outcome. The benefit from MGFs
in maintaining dose intensity of standard
chemotherapy regimens has not been proven
(in part owing to their low myelosuppressive
potential), although subset analyses within
large trials do suggest that treatment with
G-CSF may allow delivery of more optimal
doses in patients who otherwise could not tol-
erate it.70–72

Use of MGFs for treatment of afebrile and
febrile neutropenia

The ASCO MGF survey revealed that most
oncologists prescribe MGFs for patients with
established severe neutropenia with or without
fever, despite the fact that the efficacy of MGFs
in this context has never been established.58

Several randomized trials demonstrated that
G-CSF, GM-CSF, or both administered as
adjuncts to antibiotics for febrile neutropenia
shorten the duration of severe neutropenia, but
have no effect on mortality due to infections or
resource utilization such as duration of hospital
stay or number of days of antibiotic therapy
(Table 13.6).73–83 In a subset of these patients
characterized by the presence of documented
serious infection, support with MGFs may intu-
itively seem more beneficial and justifiable, but
awaits validation by clinical trials.45,73

What about initiating treatment with MGFs
during severe neutropenia but before the devel-
opment of fever? This approach, if found suc-
cessful, would be of particular interest as
primary prophylaxis as it could limit the use of
MGFs only to patients at high risk for serious
infection.84 Disappointingly, a randomized trial
of G-CSF performed on outpatients with severe
chemotherapy-induced afebrile neutropenia
found that the time to neutrophil recovery was
significantly shorter on the G-CSF arm, but
there was no effect on the rate of hospitaliza-
tions, number of days in hospital, duration of
treatment with intravenous antibiotics, or num-
ber of culture-positive infections.85 One expla-
nation for the lack of effectiveness in this study
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may be the late start of G-CSF. It is thought that
in order to exert their beneficial effect, MGFs
have to be initiated soon after completion of
chemotherapy, before the development of neu-
tropenia, and continued through the period of
neutropenia.86

Role of MGFs in acute leukemia

Despite appreciable progress in supportive
care, infectious morbidity and mortality remain
a major impediment in the treatment of acute
leukemia, particularly in older patients. Pre-
existing immune deficiency caused by the dis-
ease, as well as the profound and prolonged
neutropenia associated with chemotherapy for
acute leukemia, both contribute to the high risk
of infectious complications in leukemia therapy.

MGFs have been assessed as an adjunct to
induction and to consolidation chemotherapy
in acute leukemia. Several randomized studies
utilizing G-CSF or GM-CSF during induction
chemotherapy for AML have generated quite
consistent results: a modest decrease in the
duration of neutropenia was observed, with a
variable effect on the incidence of serious infec-
tions and resource utilization (Tables 13.7 and
13.8).87–97 There has been no reproducible
improvement in the clinically significant mea-
sures of outcome: complete response (CR) rate,
CR duration, or overall survival (OS). Only one
study88 demonstrated a benefit in a subgroup of
patients with persistent leukemia who received
a second course of chemotherapy during neu-
tropenia.98 One other study using G-CSF
showed an effect on CR rate,96,97 which did not
translate, however, into a decrease in induction-
related mortality or improved OS. These results
have been summarized in several reviews.99–103

The majority of patients enrolled on these pro-
tocols were over 60–65 years old.

Elderly patients’ tolerance of chemotherapy
is especially poor. Patients older than 60 years
have a risk of dying during the course of induc-
tion chemotherapy for acute leukemia
approaching 50%.104 The high mortality rate is

primarily due to uncontrolled infections devel-
oping during neutropenia. Thus not surpris-
ingly, most of the trials of MGFs administered
in conjunction with induction for AML targeted
this particular patient population (Tables 13.7
and 13.8).

Two large randomized trials94,105 and one
sequential cohort study106 evaluated the role 
of G-CSF during consolidation therapy for
AML. Although there was no effect on overall
survival, the reduction in the duration of neu-
tropenia appeared more substantial: 5–6.5 days
with consolidation versus 2–5 days with induc-
tion. As opposed to induction therapy, most
patients after consolidation can be followed on
an outpatient basis. Thus, a decrease in the rate
of even uncomplicated febrile neutropenia
could result in less hospitalization. None of the
three studies, however, was designed to assess
the impact of MGFs on clinical endpoints.

The role of MGFs as an adjunct to intensive
chemotherapy for adult acute lymphoblastic
leukemia (ALL) has been studied less exten-
sively.107–110 One large trial107 demonstrated a
trend towards a higher CR rate and fewer
deaths during remission induction, particularly
in older patients: the ultimate outcome, though,
was not altered, and the leukemia-free survival
and OS were the same in the two arms.
Interestingly, the time to completion of inten-
sive chemotherapy was not shortened in
patients on the G-CSF arm, despite an acceler-
ated recovery of the blood counts. This may be
due to the fact that infectious complications
were not different between the two groups.
There was also no apparent advantage to MGFs
administered in consolidation cycles. The inves-
tigators felt that, based on the results of this
trial, G-CSF may be recommended in conjunc-
tion with induction chemotherapy, but should
not be used routinely in the postremission treat-
ment. The two other randomized trials con-
firmed the finding of decreased neutropenia
with MGFs administered during induction
chemotherapy; one trial showed a significant
reduction in the incidence of infections, while
the other only a trend to fewer infections.108,109
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No benefit from MGFs on resource utilization
was seen. The impact on long-term survival
was not reported in either of the two studies.

A few randomized studies looked at adjuvant
G-CSF after induction chemotherapy in child-
hood ALL.111–114 As with the results of the trials
in adult ALL, no beneficial effect on clinical
events was demonstrated in this setting either.

In summary, the use of MGFs in the treat-
ment of acute leukemia appears to be safe, but a
beneficial effect on clinically important events,
such as lower rates of serious neutropenic infec-
tions, improved CR rate, or improved OS, has
not been convincingly proven. Using GM-CSF
and G-CSF with induction chemotherapy in
elderly patients does deserve consideration,
although supportive data in this regard do not
appear very convincing.

Role of MGFs in high-dose chemotherapy
with stem cell transplantation

The severity of neutropenia – depth as well as
duration – is dependent on the dose intensity of
the treatment regimen, and is particularly pro-
found in the SCT population because of the
intensive conditioning regimens employed.
Recovery of hematopoiesis after SCT follows a
predictable pattern of pancytopenia lasting 2–4
weeks. A variable degree of other non-
hematopoietic conditioning-regimen-induced
toxicities affecting vital body organs usually
occurs during this period of time, which greatly
contributes to the risk of infections. Owing to
the relatively high morbidity and mortality
associated with the early post-transplant
period, necessitating intensive use of health
care resources to treat these patients, the setting
of SCT appears as a potentially attractive appli-
cation for MGFs.

Twenty-two randomized controlled trials
have evaluated the effectiveness of MGFs in
facilitating engraftment; 16 trials were con-
ducted in autologous SCT, two in both autolo-
gous and allogeneic SCT, and four exclusively
in allogeneic SCT patients (Table 13.9).115–136

Disappointingly, the results, in general, were
similar to the conclusions of studies investigat-
ing the role of MGFs in non-transplant settings.
All but three studies demonstrated statistically
significant shortening of time to granulocyte
recovery by 3–13 days in the autologous trans-
plant setting and by 2–6 days in the allogeneic
transplant setting. However, the impact on
other outcome parameters (especially infection)
seems much less impressive. Only a few studies
showed a reduction in infectious episodes or
number of days with fever. No study showed
any effect on the rate or severity of fungal infec-
tions. Most importantly, no study demonstra-
ted a reduced infectious mortality or improved
OS. A reduction in resource utilization and cost
was demonstrated in 12 out of the 22 studies,
mainly in terms of shortening of the hospital
stay. In only a few of the studies did the use of
MGFs also affect the use of intravenous antibi-
otics or utilization of amphotericin B.

The magnitude of clinical benefit appears
much smaller in the allogeneic SCT setting.
Among four studies of MGFs performed exclu-
sively in allogeneic SCT recipients, two were
negative and two were positive. The two negat-
ive studies showed no evidence of improve-
ment in any of the parameters: laboratory,
clinical, or resource utilization. In general,
available data do not offer support for the rou-
tine use of MGFs in the allogeneic transplant
setting.

It is not clear why a shortening of neutrope-
nia after SCT has not translated into a greater
clinically measurable benefit. Certainly, the rate
of serious infectious morbidity or mortality
after autologous SCT, although much higher
than in a conventional chemotherapy setting, is
still so small that many of the clinical trials dis-
cussed here were underpowered to document
the difference, if it exists. In the setting of allo-
geneic SCT, neutropenia is only one of the
numerous risk factors for infectious complica-
tions, modification of which may not be suffi-
cient to change the overall risk.

The remarkable efficacy of MGFs in mobiliz-
ing stem cells from bone marrow into the circu-
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lation made peripheral blood stem cell trans-
plants (PBSCT) possible, and, within a short
period of time, peripheral blood replaced bone
marrow as the major source of the stem cells for
autologous SCT and is currently being evalu-
ated in allogeneic SCT. The main advantage of
PBSCT over BMT is the ability to collect more
stem cells, which facilitates faster engraftment.
Many of the studies that demonstrated a benefit
from MGFs after autologous SCT were per-
formed before PBSCT became available.
Whether the conclusions from these trials apply
to PBSCT is debatable. An accelerated recovery
of peripheral blood counts and a reduction in
the antibiotic requirements with MGFs after
PBSCT have been confirmed in a few small
studies.123,124,137–139 However, the same studies
plus a few small single-arm ones strongly sug-
gest that the benefit of MGFs may be very
small, and may even be negligible if the num-
ber of the stem cells is optimal.128–131,138,140 The
only published randomized trial of G-CSF after
allogeneic PBSCT showed faster recovery of
granulocytes in this setting.141

Choosing a more cost-effective dosing sched-
ule may be a method to decrease the cost of
transplant if one opts to use MGFs. Different
schedules of treatment with MGFs following
SCT have been evaluated. The dose of 5 µg/
kg/day appears equivalent to 10 µg/kg/day.142

Furthermore, the results of several studies,143–152

including five randomized,143–147 strongly imply
that the delayed initiation of treatment with
MGF until day 5–7 does not negatively affect
engraftment. Another way to possibly reconcile
the potential clinical benefit with pharmacoeco-
nomic demands would be to adopt a modified
risk-stratified approach, which would call for
MGF support only in patients who receive a
suboptimal quality graft.

Dose and schedule of administration of
recombinant MGFs

The MGF dose recommendations issued in the
ASCO guidelines were 5 µg/kg/day for G-CSF

and 250 µg/m2/day for GM-CSF.30 The initial
approval of MGF by the FDA for use in particu-
lar clinical settings was accompanied by specific
dose and schedule directions.153,154 The doses 
of G-CSF initially approved by the FDA 
were G-CSF 5 µg/kg/day in conventional
chemotherapy and 10 µg/kg/day in the trans-
plant setting. In the clinical trials that followed,
the issue of optimal dose was rarely raised.155,156

One exception was the setting of autologous
SCT, where a randomized study demonstrated
equal efficacy of G-CSF at 5 µg/kg/day and
10 µg/kg/day.142 Although the issue of
increased efficacy of the higher dose levels has
not been addressed by randomized trials in the
non-transplant setting, circumstantial evidence
suggests this to be of no benefit. Interestingly,
there is some information suggesting that lower
doses of G-CSF, but not GM-CSF, may be
equally efficacious.155–157 In lieu of this informa-
tion, rounding the dose to the nearest vial size
has been considered acceptable. Both subcuta-
neous and intravenous routes of administration
are comparable, with the subcutaneous route
preferred by both physicians and patients
owing to cost and convenience.158–160

Initiation and stopping rules for MGFs rela-
tive to chemotherapy have been a matter of con-
troversy. Based on available data, it appears that
starting MGFs 24–72 hours after completion of
chemotherapy may be optimal. Initiation of
MGFs prior to chemotherapy can lead to more
profound neutropenia, and therefore should be
avoided.161 Delayed start of therapy with MGFs
has been employed by various centers to
decrease utilization of these costly drugs. One
small phase II randomized study suggested that
a delay in initiation of G-CSF from day 4 of
chemotherapy to day 6 was associated with a
similar pattern of hematologic recovery, but a
further delay to day 8 resulted in a less favor-
able response.86 This contrasts with the autolo-
gous SCT trials, where no advantage to an early
start (vs delayed until day 5–7) was seen.

The optimal duration of therapy with MGFs
is even more controversial. The FDA-approved
package circulars specify for G-CSF to be con-
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tinued until the absolute neutrophil count
(ANC) is > 10 000/µl in the conventional
chemotherapy setting and until the ANC is
> 1000/µl for three consecutive days in the
transplant setting.153 The discontinuation
instruction for GM-CSF specifies recovery of 
the absolute neutrophil count to an
ANC > 20 000/µl.154 These recommendations
are certainly safe and effective, but such pro-
longed courses of treatment appear not to be
necessary for optimal effect. Indeed, many cen-
ters have introduced early-stopping rules for
MGFs with no deleterious effect on the outcome.

Toxicities with recombinant MGFs

In general, both G-CSF and GM-CSF are very
well tolerated at therapeutic doses. The side-
effects seen in association with MGFs are
summarized in Table 13.10. The main toxicity of
MGFs is mild-to-moderate bone pain, usually
easily controllable by acetaminophen (paraceta-
mol). Bone pain is practically the only signific-
ant side-effect from G-CSF. The common
adverse reactions seen in patients treated with
GM-CSF are those characteristic of proinflam-
matory cytokine stimulation, such as fever,
myalgia, and malaise.

The first dose of Escherichia coli-derived
GM-CSF can cause rash, pruritus, arthralgias,
and even cardiovascular events such as tachy-
cardia and hypotension. The administration of
subsequent doses, though, is usually unevent-
ful. A capillary leak syndrome has been
reported to occur in a dose-dependent fashion,
but with dosages much higher than those rou-
tinely used in clinical practice. These untoward
side-effects, including the ‘first-dose effect’,
have been described mainly with the E. coli
product, and not with yeast GM-CSF.

The majority of clinical trials looking at the
clinical activity of GM-CSF used the E. coli-
derived formulation, which has a much less
favorable toxicity profile in comparison with
the yeast-derived formulation. The toxicities of
the only GM-CSF formulation commercially

available at present in the USA, i.e. a yeast-
derived formulation, appear to be comparable
with those of G-CSF.43,162,163

GRANULOCYTE TRANSFUSIONS

The role of granulocyte transfusions (GTX) in
restoration of the host defense system in
severely neutropenic patients has been studied
for more than 30 years (reviewed in references
164–168). The initial trials performed in the
early 1970s yielded encouraging results. The
intuitive appeal of this approach gained many
proponents who argued that controlled trials of
the seemingly obvious efficacy of GTX might
not be necessary. However, reports of frequent,
often severe, complications associated with
GTX slowly dampened the initial enthusiasm.
Additionally, the process of collection and stor-
age of granulocytes proved very cumbersome.
The required technology was not widely avail-
able. As a consequence, GTX slowly fell out of
favor as a therapeutic tool. This coincided in
time with significant advances in the treatment
of neutropenic infections due to availability of
new classes of antibiotics and MGFs.

However, in recent years, the emergence of
new and more resistant pathogens, especially
invasive fungi and antibiotic-resistant bacteria,
has led to renewed interest in this treatment
modality. Additionally, advances in collection
methods now allow the collection of much
larger numbers of granulocytes, making the
whole procedure more feasible.

Methods of collection of white blood cells
for GTX

The inability to collect a sufficient amount of
granulocytes has been a major obstacle to the
use of GTX until the advent of MGFs in 1991.
G-CSF administered to normal donors can
increase the number of circulating granulocytes
10-fold and the number of circulating granulo-
cyte progenitors 40-fold.15 This permits the
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collection of a large number of neutrophils by
routine centrifugation leukapheresis. The aver-
age yield of G-CSF-stimulated granulocytes
represents a three- to fivefold increase (range
3–7 � 1010) over that reported historically
following stimulation of donors with corticos-
teroids alone.169,170 The progressive and sus-
tained increases in precollection leukocyte
count achieved with G-CSF result in greater
numbers of leukocytes collected during consec-
utive leukapheresis days.171,172 GM-CSF appears

to be less effective in this regard, since it causes
only a twofold rise in precollection leukocyte
count, without a continuing rise during succes-
sive days of collection.171 In the majority 
of studies, G-CSF was administered at a dose 
of 5 µg/kg/day subcutaneously, 8–12 hours
before the first scheduled leukapheresis, and
then continued daily. After multiple doses of
G-CSF, neutrophilia was maintained. Therefore,
the timing of subsequent leukaphereses in
respect to the G-CSF injections is not as critical.
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Table 13.10 Side-effects associated with MGFsa

GM-CSF G-CSF

Non-dose-related
Fever Common Rare
Bone pain Common (10%) Common (10%)
Myalgia Common Rare
Catheter thrombosis Rare Not reported
Splenomegaly Rare Rare

Dose related (>32 µg/kg/day)
Effusion

Pericardial � �

Pleural � �

Ascites � �

Pulmonary emboli � �

Edema � �

Weight gain � �

Laboratoryb

Increased LDH � �

Increased LAP � �

Increased uric acid � �

Increased ALP � �

Increased eosinophils � �

a Reprinted with permission from Negrin RS, Clinical applications of hematopoietic growth factors. In: The Cytokine Handbook,
3rd edn (Thomson A, ed). London: Academic Press, 1998.
b LDH, lactate dehydrogenase; LAP, leukocyte alkaline phosphatase; ALP, alkaline phosphatase.



A daily dose schedule of 10 µg/kg/day and an
alternative-day schedule appear to be compara-
ble.173 More recently, the combined use of
G-CSF and corticosteroids to increase yield and
to maintain the function of collected neu-
trophils was reported in this setting.174,175 It
remains to be seen which mobilization regi-
mens will prove superior.

Filtration leukapheresis through nylon/wool
fibers has been used in the past for collection of
granulocytes for GTX. This procedure was later
discovered to cause significant changes in neu-
trophil function,176–178 which were believed to 
be responsible for many serious reactions
observed in both the donor and the recipient.179

Currently, granulocytes are collected exclu-
sively by centrifugal separation.180

The quality of GTX product

At present, GTX is not an FDA-approved treat-
ment modality, and optimal granulocyte con-
centrate specifications have not been defined or
officially formulated. It is generally accepted
that a minimum of 1 � 1010 cells should be pre-
sent in each unit of a concentrate.180 In vitro
assays to test granulocyte function in a concen-
trate would be desirable for quality assurance,
but are not routinely performed.

Both G-CSF and corticosteroids included in
the mobilization regimen are known to alter
neutrophil function. The clinical importance of
the reported enhanced phagocytic and bacteri-
cidal activity of granulocytes exposed to G-CSF
has not been studied extensively, but appears
relatively minor.177,181 The decreased recovery
and prolonged circulatory half-life of
G-CSF-stimulated granulocytes have raised the
concern of impairment in cellular mobility.174,175

However, the ability of these neutrophils to
migrate into skin window chambers and into
sites of inflammation and infection has been
documented, reaffirming the lack of detrimen-
tal effects of G-CSF/corticosteroids in this
regard.17,175–181 Information about the properties
of stimulated granulocytes is still scant, and

hopefully will be studied further.
Irradiation is generally performed as a

method to prevent transfusion-associated graft-
versus-host-disease; whether this is necessary
remains unresolved. While this almost invari-
ably fatal complication has been reported after
granulocyte transfusion, it is rare.

Dose and side-effects of GTX

The optimal dose of granulocytes for the treat-
ment of neutropenic infections is not known.
Early trials using donors with CML suggested
that a dose of 1 � 1010/m2 or more would be
desirable.182 Thus, a daily transfusion of a mini-
mum of 1 � 1010 cells, which corresponds
roughly to the product of one leukapheresis
procedure contained in one unit of the concen-
trate, seems a logical target.183 The prolonged
circulation of G-CSF-stimulated transfused
granulocytes suggests that an every-other-day
schedule may provide sufficient support.173,184 It
is thought that GTX should be continued until
resolution of infection or recovery of blood
counts.

Acute toxicities such as fever, chills, and
urticaria can occur during GTX. It appears that
a slow rate of GTX infusion is crucial to avoid
these symptoms. Should they occur, further
slowing down the infusion rate could alleviate
them. Routine premedication with antihista-
mines and/or antipyretics might be helpful. In
the event of a severe reaction, the infusion
should be stopped and the patient should be
tested for the presence of antileukocyte anti-
bodies.

Respiratory distress and appearance of pul-
monary infiltrates have also been seen in associ-
ation with GTX. Severe pulmonary reactions
reported in the early 1980s were attributed to
the concomitant administration of GTX with
amphotericin B.185,186 However, later reports
failed to confirm the interaction between GTX
and amphotericin B in causing lung injury.187,188

Indeed, in more recent studies, adverse reactions
to G-CSF-mobilized granulocyte transfusions
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have been rare in general. Interestingly, there
was no correlation between the risk of unto-
ward side-effects from GTX and the degree of
leukocyte antigen incompatibility between the
donor and the recipient,173–175 although,
traditionally, GTX-related toxicities have been
thought to be more severe and more common
in alloimmunized recipients.189,190

Differences in the method of collection of
granulocytes could explain the disconcordant
results between the older and newer studies.
Many of the side-effects observed in the early
trials might have been due to damage to granu-
locytes procured through filtration leukaphere-
sis. In vitro experiments demonstrated that
amphotericin B can trigger aggregation of neu-
trophils injured by filtration leukapheresis.
Whether the same interaction occurs with intact
neutrophils collected through centrifugal sepa-
ration is uncertain, but seems unlikely. None of
the leukocyte antibodies detected in patients
treated on the newer protocols showed neu-
trophil agglutination, a postulated prerequisite
for causing transfusion related acute lung
injury.175,189 Based on the reports of serious toxi-
cities in early studies, it has become common
practice to separate temporally the infusions of
amphotericin B and GTX by at least 8 hours.

Factors affecting the dynamics of transfused
granulocytes

Transfusions of G-CSF-mobilized granulocytes
into neutropenic recipients produce increments
in circulating granulocyte levels, measurable
for hours after transfusion – even up to 24
hours.191 This was not observed when cortico-
steroids alone were used for stimulation.171 A
sustained increase in the granulocyte count
after G-CSF-mobilized GTX may be due pos-
sibly to the large cell dose or possibly to infu-
sion of early progenitors, with a longer half-life.
Interestingly, though, a consistent relationship
between the cell dose delivered over a number
of days and the increments over a baseline neu-
trophil count has not been found in a study

designed to address this question.173,191

The impact of alloimmunization of the recipi-
ent on the effectiveness of treatment with GTX
is a matter of controversy.192,193 In non-
alloimmunized patients, granulocytes can be
transfused safely. Granulocyte concentrates
usually contain large numbers of erythrocytes,
and for this reason transfusions should be
ABO-compatible. However, there is no evid-
ence that ABO incompatibility affects the trans-
fused granulocytes. Patients can develop two
types of antibodies directed against two differ-
ent classes of antigens on the surface of neu-
trophils: HLA antibodies detectable by
lymphocytotoxicity assays and granulocyte-
specific antibodies detectable by leukoaggluti-
nation or by indirect immunofluorescence.
Alloimmunization is a known complication of
GTX in immunocompetent patients.192 How-
ever, some of the newer studies suggest that
alloantibodies may be less of a problem in SCT
recipients. A few conflicting reports as to the
significance of the alloantibodies in GTX recipi-
ents have appeared in the recent literature. The
presence of detectable antibodies prior to the
start of treatment or acquired antibodies during
treatment with granulocyte infusions adversely
affected neutrophil increments after transfusion
of granulocytes and delayed engraftment in one
recent study.172

Evidence of efficacy of treatment with GTX:
summary of clinical trials

Early clinical trials investigating granulocyte
transfusions strongly suggested a considerable
benefit of this treatment modality. However,
the findings were not consistent, and the clini-
cal effects in individual patients were not
always obvious (see Table 13.11 for a summary
of the trials194–200). Most of the patients studied
had Gram-negative bacterial septicemia.
Significant benefits from GTX were seen only
when bone marrow recovery was delayed for
more than 1 week (but did occur within 2–3
weeks) and when leukocyte transfusions were
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given for at least 4–7 days. There appears to be
a dose-threshold effect, since the negative trials
used low doses (<1 � 1010). The positive trials
used higher doses (>1 � 1010). Two other factors
might explain the negative results of some stud-
ies: (1) good response to antibiotics in both
arms, making the detection of the benefit, if
any, difficult in two studies; (2) not testing for
leukocyte incompatibility.

Several encouraging case reports and pilot
studies utilizing G-CSF (�corticosteroid)-stim-
ulated granulocyte infusions have been
reported in the past few years.173,174,201–204 The

trials suggest a benefit of G-CSF-stimulated
GTX in the treatment of bacteriemias and can-
didemias. However, activity in the treatment of
invasive mold infections such as aspergillus
has not been consistently demonstrated.175

Unfortunately, most patients in these studies
were quite sick before starting treatment with
GTX. Worsening of overall clinical status and
progression to multiorgan failure has been
observed in many cases, despite evidence of
clearing the infection. Thus, very few patients
in these trials emerged as long-term survivors.
This suggests that the GTX might have been
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Table 13.11 Controlled studies of therapeutic granulocyte transfusion (GTX) in neutropenic patientsa

Reference Randomized Treatment No. of Survival Doseb HLA–WBCc Success of GTX

arms patients rate (%) (�1010 cells)

Higby et al194 Yes GTX 17 76 2.2 (FL) No–Yes Yes

Control 19 26

Vogler et al195 Yes GTX 17 59 2.7 (CL) Yes–Yes Yes

Control 13 15

Herzig et al196 Yes GTX 13 75 1.7 (FL) No–Yes Yes

Control 14 36 0.4 (CL)

Alavi et al197 Yes GTX 12 82 5.9 (FL) No–No Partial

Control 19 62

Winston et al198 Yes GTX 48 63 0.5 (CL) No–No No

Control 47 73

Graw et al199 No GTX 39 46 2.0 (FL) No–Yes Partial

Control 37 40 0.6 (CL)

Fortuny et al200 No GTX 17 78 0.4 (CL) No–Yes No

Control 22 80

a Modified and reprinted with permission from Strauss RG, J Pediatr Hematol Oncol 1999; 21: 475–8.165

b CL, centrifugation leukapheresis; FL, filtration leukapheresis.
c HLA, human leukocyte antigen; WBC, white blood cell.



started too late. Improvements in early diag-
nostic methods for fungal infections are needed
to allow timely initiation of treatment with
GTX.

In the face of a lack of randomized, con-
trolled clinical trials, it is premature to draw a
definitive conclusion as to the effectiveness of
GTX collected from G-CSF-stimulated donors
in the prevention or treatment of severe neu-
tropenic infections. The collection, storage, and
reinfusion of granulocytes are both complex
and costly. A randomized trial designed to
assess the efficacy of G-CSF-stimulatd GTX in
the treatment of serious infections would be of
great interest.

CONCLUSIONS

It is apparent that recombinant growth factors
have a role in the management of febrile neu-
tropenia. A hastened recovery from neutrope-
nia has been consistently found. However, by
and large, they have failed to fulfill all of their
early promise. The observed decrease in depth
and duration of neutropenia was expected to
reduce the rate of infectious complications.
While most clinicians believe that it does, the
trials have not convincingly demonstrated
this. Adjuvant treatment with MGFs was also
anticipated to allow delivery of full and even
escalated doses of chemotherapy without
delays caused by prolonged neutropenia, 
and thus to improve its effectiveness.
Disappointingly, only some decrease in the
number of febrile episodes has been appreci-
ated, but no reduction in the frequency of
severe infections and no improved survival
from treatment with growth factors have been
convincingly demonstrated. In light of the lack
of convincing efficacy of MGFs in reducing
serious morbidity or mortality, treatment with
MGFs is often justified by economical or QoL
considerations. Yet, even with these considera-
tions, more information is needed. Clinical
trials designed with these endpoints as pri-
mary objectives could allow more precise and

reliable measurement of the magnitude of this
benefit.

It is perplexing why shortening of neutrope-
nia has not translated into clinically measurable
benefits. Certainly, rates of serious infectious
morbidity or mortality in populations studied
were often relatively small, and many of the
clinical trials were underpowered to document
differences, if they exist. Another explanation is
that MGFs may not be able to prevent or affect
the duration of severe neutropenia of less than
100/µl, the circumstance in which most neu-
tropenic infections occur. Indeed, MGFs seem
most efficient in hastening the recovery of gran-
ulocytes between 100/µl and 1000/µl, as seen
in the SCT trials. It is also possible that alter-
ations in neutrophil migratory function
reported by some investigators affect the capa-
bility of mature granulocytes to reach infected
tissues, although this certainly remains dis-
putable.

Much has been learned from the early clini-
cal trials evaluating the efficacy of MGFs in
particular clinical settings. Identification of
populations of patients who could uniformly
benefit from adjuvant treatment with MGFs
remains a challenge and would be of the
utmost importance. The insights gained from
studies identifying patients at high and low
risk for severe neutropenic infection should be
used in the design of future growth factor
trials.

Treatment of neutropenic infections with
GTX has become more feasible thanks to the
availability of MGFs. More importantly, the
risks associated with these G-CSF-stimulated
GTX appear to be acceptable. The concerns
regarding serious pulmonary reactions that lim-
ited widespread application of this treatment
modality in 1970s have been dissipated by the
more recent studies of G-CSF-stimulated
GTX. Indeed, GTX now seem well tolerated by
recipients. However, large trials to establish the
efficacy of this treatment modality in particular
clinical settings are needed.
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APPENDIX: SUMMARY OF GUIDELINES UPDATES*

1. Guidelines for primary prophylactic MGF administration

1996 Recommendation: Primary administration of MGFs was shown to reduce the incidence of
febrile neutropenia (FN) by approximately 50% in the three major ran-
domized trials in adults in which the incidence of FN was greater than
40% in the control group. The value of primary MGF administration has
not been clearly established in less myelosuppressive regimens, and the
cost–benefit of primary versus secondary administration for the majority
of initial chemotherapy regimens is unproven. It is recommended that
primary administration of MGFs be reserved for patients expected to
experience levels of FN that are at least comparable to or greater than
those seen in control patients in these randomized trials, i.e. an expected
incidence of 40% or more. Thus, for previously untreated patients receiv-
ing most chemotherapy regimens, primary administration of MGFs can-
not be recommended.

2000 Recommendation: No change.

Special circumstances

1996 Recommendation: Clinicians may occasionally be faced with patients who might benefit
from relatively non-myelosuppressive chemotherapy but who have
potential risk factors for FN or infection because of bone marrow com-
promise or comorbidity. It is possible that primary MGF administration
may be exceptionally warranted in patients at higher risk for
chemotherapy-induced infectious complications, even though the data
supporting such use are not conclusive. Such risk factors might include
the following: pre-existing neutropenia due to disease, extensive prior
chemotherapy, or previous irradiation to the pelvis or other areas con-
taining large amounts of bone marrow; a history of recurrent FN while
receiving earlier chemotherapy of similar or lesser dose intensity; or con-
ditions potentially enhancing the risk of serious infection, e.g. poor per-
formance status and more advanced cancer, decreased immune
function, open wounds, or already-active tissue infections. This is not
meant to be an all-inclusive list; it is anticipated that, depending on the
unique features of the clinical situation, there will be instances when the
administration of an MGF will be appropriate outside of uses recom-
mended in other guidelines.

2000 Recommendation: No change.
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2. Guidelines for secondary prophylactic MGF administration

1996 Recommendation: There is evidence that MGF administration can decrease the probability
of FN in subsequent cycles of chemotherapy after a documented occur-
rence in an earlier cycle. Even if FN has not occurred, the use of MGFs
may be considered if prolonged neutropenia is causing excessive dose
reduction or a delay in chemotherapy. However, in the absence of clini-
cal data supporting maintenance of chemotherapy dose intensity, physi-
cians should consider chemotherapy dose reduction as an alternative to
the use of MGFs.

2000 Recommendation: In the setting of many tumors, exclusive of curable tumors (e.g. germ cell
tumors), dose reduction after an episode of severe neutropenia should
be considered as a primary therapeutic option. No published regimens
have demonstrated disease-free or overall survival benefits when the
dose of chemotherapy was maintained and secondary prophylaxis was
instituted. In the absence of clinical data or other compelling reasons to
maintain chemotherapy dose intensity, physicians should consider
chemotherapy dose reduction after neutropenic fever or severe or pro-
longed neutropenia after the previous cycle of treatment.

3. Guidelines for MGF therapy

A. Afebrile patients

1996 Recommendation: Data are inadequate with regard to whether patients with neutropenia
but no fever will benefit clinically from the initiation of an MGF at the
time neutropenia is diagnosed; intervention with an MGF in afebrile
neutropenic patients is not recommended.

2000 Recommendation: Current evidence supports the recommendation that MGFs should not
be routinely used for patients with neutropenia who are afebrile. The
strength of this recommendation has increased with the trial reported in
1997.85

B. Febrile patients

1996 Recommendation: For the majority of patients with FN, the available data do not clearly
support the routine initiation of MGFs as adjuncts to antibiotic therapy.
However, certain FN patients may have prognostic factors that are pre-
dictive of clinical deterioration, such as pneumonia, hypotension, multi-
organ dysfunction (sepsis syndrome), or fungal infection. The use of
MGFs together with antibiotics may be reasonable in such high-risk
patients, even though the benefits of administration under these circum-
stances have not been definitively proven.

2000 Recommendation: The collective results of the eight trials73–79,81 provide strong and consis-
tent support for the recommendation that MGFs should not be routinely
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used as adjunct therapy for the treatment of uncomplicated fever and
neutropenia. Uncomplicated fever and neutropenia are defined as fol-
lows: fever of 10 days or less in duration; no evidence of pneumonia, cel-
lulitis, abscess, sinusitis, hypotension, multiorgan dysfunction, or
invasive fungal infection; and no uncontrolled malignancies. The eight
trials have consistently shown a decrease in the duration of neutropenia
of less than 500/µl, but clinical benefit has not consistently accompanied
the decreased duration of neutropenia.

Certain patients with fever and neutropenia are at higher risk for
infection-associated complications and have prognostic factors that are
predictive of poor clinical outcome. The use of an MGF for such high-
risk patients may be considered, but the benefits of an MGF in these cir-
cumstances have not been proven. These factors include profound
(absolute neutrophil count (ANC) < 100/µl) neutropenia, uncontrolled
primary disease, pneumonia, hypotension, multiorgan dysfunction (sep-
sis syndrome), and invasive fungal infection. Age greater than 65 years
and post-treatment lymphopenia may also be high-risk factors, but have
not been consistently confirmed by multicenter trials.

4. Guidelines for use of MGFs to increase chemotherapy dose intensity

1996 Recommendation: Outside of clinical research trials, there is little justification for the use of
MGFs to increase chemotherapy dose intensity. In settings in which clin-
ical research demonstrates that dose-intensive therapy not requiring
progenitor cell support produces improvement in disease control, MGFs
should be used when these therapies are expected to produce significant
rates of FN (e.g. in 40% or more of patients).

2000 Recommendation: In the absence of more trials demonstrating a favorable effect on overall
survival, disease-free survival, quality of life, or toxicity, there is no justi-
fication for the use of MGFs to increase chemotherapy dose intensity or
schedule or both outside of a clinical trial. This application of MGF use
remains the domain of appropriately designed clinical investigation.

5. Guidelines for use of MGFs as adjuncts to progenitor cell transplantation

1996 Recommendation: MGFs can successfully shorten the period of neutropenia and reduce
infectious complications in patients undergoing high-dose cytotoxic
therapy with autologous bone marrow transplantation (BMT). MGFs are
effective in mobilizing autologous peripheral blood progenitor cells
(PBPC) for transplantation, and autologous PBPC transplantation
(PBPCT) has been shown to lead to earlier hematopoietic recovery than
autologous BMT.205,206 Trials have demonstrated the value of MGF
administration after high-dose chemotherapy and PBPCT.120,125,207

Available data suggest clinical benefits after allogeneic BMT, and routine
primary MGF administration in this setting seems warranted.134 MGFs
can also be used to mobilize donor PBPC for allogeneic transplanta-
tion.208–211 There may also be a role for MGFs in assisting in the recovery

284 TEXTBOOK OF FEBRILE NEUTROPENIA



of patients who experience delayed or inadequate neutrophil engraft-
ment after PBPCT. MGFs can be routinely recommended as adjuncts to
allogeneic and autologous PBPCT, both for mobilization of PBPC and 
as a means to speed hematopoietic reconstitution after BMT or
PBPCT. Administration of a MGF in cases of engraftment failure is war-
ranted.

2000 Recommendation: MGFs are recommended to help mobilize PBPC and after PBPC infu-
sion. Mobilized PBPC have largely replaced bone-marrow-derived cells
for use in autologous transplantation. Side-effects associated with mobi-
lization and subsequent apheresis are usually limited, and include
constitutional symptoms and a decrease in platelets and other
hematopoietic elements, especially after mobilization with combinations
of chemotherapeutic agents and an MGF. The optimal dose of MGFs and
chemotherapaeutic agents is the subject of ongoing investigations, but a
higher (10 µg/kg/day) dose of G-CSF in the setting of mobilization may
yield a greater content of CD34� progenitor cells in the PBPC product, as
documented in patients with hematologic malignancies and in patients
with rheumatoid arthritis.207,212 Although the optimal method of mobi-
lization needs further investigation, especially in heavily pretreated
patients, administration of G-CSF, either alone or in combination with
GM-CSF, or after the use of chemotherapeutic agents, generates PBPC,
leading to rapid hematopoietic recovery, shorter hospitalization, and
possibly reduced costs.206,213–215 Further investigations are necessary to
assess the potential risks, especially that of secondary hematologic
malignancies associated with the use of combining chemotherapeutic
agents and MGFs.216 The role of MGF-mobilized donor bone marrow in
the autologous transplant setting is also under assessment.217

6. Guidelines for use of MGFs in patients with acute leukemia and myelodysplastic syndromes

A. Acute myeloid leukemia (AML)

1996 Recommendation: Primary administration of an MGF can be used after completion of
induction chemotherapy in patients 55 years of age or older. Although
there are fewer data, it is likely that the results showing shortening of
the duration of neutropenia may apply to younger patients as well.
MGFs given before and/or concurrently with chemotherapy for priming
effects still cannot be recommended outside of a clinical trial.

2000 Recommendation: MGF use can be considered in this setting if benefits in terms of possible
shortening of hospitalization outweigh the costs of MGF use. Several
studies have shown that MGF administration can produce modest
decreases in the duration of neutropenia when begun shortly after com-
pletion of the initial days of chemotherapy of the initial or repeat induc-
tion. Beneficial effects on endpoints such as duration of hospitalization
and incidence of severe infections have been variable and modest,
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although patients 55 years of age or older are most likely to benefit from
MGF use. No study has yet demonstrated significant improvement in
complete response rates or long-term outcome. Thus, while there seems
to be minimal risk associated with the use of MGFs in this situation, the
choice of whether or not to use the MGF is likely to be determined by
cost considerations. In a nutshell, the cost of the cytokine must be bal-
anced against any possible shortening of hospitalization associated with
the slightly more rapid marrow recovery, as, for example, in patients 55
years of age or older. It is not known from the published data whether
the MGFs significantly accelerate recovery to an ANC of 100–200/µl. In
most patients, regenerating counts of this level are sufficient to protect
against infection so as to permit safe discharge of patients from hospital.

There is no evidence that MGFs given either before or concurrently with
chemotherapy for priming effects are of benefit, and their use in this fash-
ion cannot be recommended outside the setting of a clinical trial.

There seems to be more profound shortening of the duration of neutrope-
nia after consolidation chemotherapy for patients with AML in remission.
Although the randomized studies did not address this issue, it is likely that
this will be associated with decreased rates of hospitalization and possibly
shorter durations of hospitalization in such patients. No benefit has been
demonstrated in terms of prolongation of complete response duration or
overall survival; however, the available evidence indicate that MGFs can be
recommended after the completion of consolidation chemotherapy.

B. Myelodysplastic syndromes (MDS)

1996 Recommendation: MGFs can increase the ANC in neutropenic patients with MDS. Data sup-
porting the routine, long-term, continuous use of MGFs in these patients
are lacking. Intermittent administration of MGFs may be considered in a
subset of patients with severe neutropenia and recurrent infection.

2000 Recommendation: No change.

C. Acute lymphoblastic leukemia (ALL)*

2000 Recommendation: The data are sufficient to recommend G-CSF administration begun after
completion of the first few days of chemotherapy of the initial induction
or first post-remission course, thus shortening the duration of neutrope-
nia of less than 1000/µl by approximately 1 week. Effects on the inci-
dence and duration of hospitalization and the acquisition of serious
infections are less consistent. Although there was a trend for improved
complete response rates in one large study,107 particularly in older
adults, there was no prolongation of disease-free or overall survival in
any of the trials. G-CSF can be given together with continued corticos-
teroid/antimetabolite therapy, which is a feature of many ALL regi-
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mens, without evidence that such concurrent therapy prolongs the
myelosuppressive effects of the chemotherapy. As in AML, it is not
known from the published data whether the MGFs significantly acceler-
ate ANC recovery to 100–200/µl. In most patients, regenerating counts
of this level are sufficient to protect against infection so as to permit safe
discharge of patients from hospital. The use of G-CSF for children with
ALL was associated with small benefits in days of antibiotic use or in-
hospital days, although a small amount of additional costs was incurred,
after the costs of the MGFs were taken into consideration. Cost estimates
of MGFs for adults with ALL have not been reported.

D. Leukemia in relapse*

2000 Recommendation: The available data are not sufficient to recommend either for or against the
use of MGFs in patients with refractory or relapsed ALL. Few controlled
studies have evaluated MGFs in patients with relapsed or refractory acute
leukemia. The available data suggest a shortening of the duration of neu-
tropenia, but are inadequate to allow comment on any effects on infectious
complications and, in particular, on whether there may be an adverse effect
on response rates in some patients with myeloid malignancies because of a
stimulatory effect on leukemia growth in a situation in which there is less
of a guarantee that chemotherapy will produce sufficient cytoreduction.
Therefore, there is no evidence that MGFs are of important benefit in
patients with refractory or relapsed myeloid leukemia, and they should be
used judiciously or not at all in such patients.

7. Guidelines for use of MGFs in patients receiving concurrent chemotherapy and irradiation

1996 Recommendation: MGFs should be avoided in patients receiving concomitant chemother-
apy and radiation therapy.

2000 Recommendation: MGFs should be avoided in patients receiving concomitant chemother-
apy and radiation therapy, particularly involving the mediastinum. In
the absence of chemotherapy, in patients receiving radiation therapy
involving large fields, therapeutic use of MGFs may be considered if
prolonged delays secondary to neutropenia are expected.

8. Guidelines for use of MGFs in the pediatric population

1996 Recommendation: In the absence of conclusive pediatric data, the guidelines recommended
for adults are generally applicable to the pediatric age group. However,
optimal MGF doses have yet to be determined. Further clinical research
into the use of these factors in support of chemotherapy and PBPCT in
the pediatric age group should be given high priority.

2000 Recommendation: No change.
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9. Guidelines for MGF dosing and route of administration

1996 Recommendation: In adults, the recommended MGF doses are 5 µg/kg/day for G-CSF (fil-
grastim) and 250 µg/m2/day for GM-CSF (sargramostim). These agents
can be administered subcutaneously or intravenously as clinically indi-
cated. MGF dose escalation is not advised. The available data suggest
that rounding the dose to the nearest vial size may enhance patient con-
venience and reduce costs without clinical detriment.

2000 Recommendation: In adults, the recommended MGF doses are 5 µg/kg/day for G-CSF (fil-
grastim) and 250 µg/m2/day for GM-CSF (sargramostim) for all clinical
settings other than PBPC mobilization. In the setting of PBPC mobiliza-
tion, if G-CSF is used, a dose of 10 µg/kg/day seems preferable. Outside
of this indication, MGF dose escalation is not advised. Rounding the
dose to the nearest vial size is an appropriate strategy to maximize cost
benefit. The preferred route of MGF administration is subcutaneous.

10. Guidelines for initiation and duration of MGF administration

1996 Recommendation: Existing clinical data suggest that starting G-CSF or GM-CSF between 24
and 72 hours subsequent to chemotherapy may provide optimal neu-
trophil recovery. Continuing the MGF until the occurrence of an ANC of
10 000/µl after the neutrophil nadir, as specified in the G-CSF package
insert, is known to be safe and effective. However, a shorter duration of
administration that is sufficient to achieve clinically adequate neutrophil
recovery is a reasonable alternative, considering issues of patient conve-
nience and cost.

2000 Recommendation: The optimal timing and duration of MGF administration are still under
investigation. Starting MGFs up to 5 days after PBPC reinfusion is rea-
sonable based on available clinical data.

11. Special commentary on comparative clinical activity of G-CSF and GM-CSF

1996 Recommendation: Guidelines about equivalency of the available recombinant preparations
of G-CSF and GM-CSF cannot be proposed, because there have been no
large-scale, prospective, comparative trials evaluating relative MGF effi-
cacy. The strength of evidence to support the use of G-CSF or GM-CSF
varies based on the specific indication for MGF administration, e.g. sup-
port after BMT or use with non-transplantation chemotherapy regimens.
The panel strongly encourages additional clinical investigation that will
guide clinical application of these biologically distinct molecules by
addressing issues of comparative clinical activity, toxicity, and
cost–effectiveness.

2000 Recommendation: No change.
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Clinical practical guidelines in patients with
fever and neutropenia
Natasha Leighl*, Ronald Feld

INTRODUCTION

Fever in the neutropenic cancer patient is
among the most serious complications related
to chemotherapy, and is also among the most
common. Management of this complication can
vary widely, relating to differing geographic
patterns of commonly infecting organisms and
of antimicrobial resistance, as well as issues of
treatment availability and cost containment. To
help promote evidence-based quality improve-
ments in the care of cancer patients with neu-
tropenic fever, a number of societies have
developed clinical practice guidelines.

Practice guidelines are statements that are
systematically developed to assist practitioner
and patient decisions about appropriate health-
care for specific circumstances.1 Many factors
influence the use of guidelines, including ease
of accessibility, endorsement by a recognized
and respected body, perceived quality of evid-
ence contained within the guideline, and the
method of synthesis into recommendations.
Also, perceptions of relevance of the guidelines
to local practice, and their usefulness and

* NL was supported in part by the Department of Medical
Oncology, Princess Margaret Hospital, Toronto through the
Aventis Fellowship Award in Lung Cancer.

applicability, as well as practitioner attitudes
towards guideline use in general and the
method of guidelines promotion (e.g. peer
review publication and criteria for reimburse-
ment), all factor into whether guidelines are
adopted in clinical practice.

Similar to critical appraisal of original
research, one should not adopt a practice guide-
line at face value, but rather appraise the
methodology of guidelines, their development,
and their recommendations before incorporat-
ing them into day-to-day clinical practice. In
addition to a review of content, the methodol-
ogy of guidelines for therapy of febrile neu-
tropenic patients will be briefly reviewed.
Guides for the clinician include a critical
appraisal instrument for clinical guidelines
published by Cluzeau et al at St George’s
Hospital Medical School, London, UK (http:
//www.sghms.ac.uk/phs/hceu/form.htm),2 and
the popular ‘Users’ guide to the medical liter-
ature’ series.3,4

ANTIMICROBIAL THERAPY IN NEUTROPENIC
PATIENTS WITH FEVER

Using an English-literature search through
Medline (up to June 2000), and the Agency for
Healthcare and Policy Research Guideline



Clearinghouse,5 several guidelines for empiric
therapy in febrile neutropenia have been identi-
fied. These include the guidelines commis-
sioned by the Infectious Diseases Society of
America, initially developed in 1990 and subse-
quently revised in 1997.6,7 The National
Comprehensive Cancer Network,8 the Fed-
eration of French Cancer Centers,9 and the
Japanese Infectious Disease Society10 have also
published guidelines in this area. The Italian
Association for Pediatric Hematology and
Oncology recently published clinical guidelines
for empiric antimicrobial therapy of febrile neu-
tropenia in the pediatric population.11 We have
been unable to identify published evaluations
of these guidelines, but anticipate that these
may be available in the future.

Guidelines from the Infectious Diseases
Society of America

The Infectious Diseases Society of America
(IDSA) sponsored the development of these
guidelines, involving infectious disease and
oncology experts in both the adult and pediatric
populations, adequately representing the key
disciplines in the area, and including one of the
authors of this chapter (RF). The initial guide-
lines were published in 1990,6 with a revision in
1997 to address several new issues that had
emerged in the management of febrile neu-
tropenia, namely the emergence of antibiotic-
resistant bacteria, the use of colony-stimulating
factors, and the issue of cost containment.7

While the methodology for identifying studies
was not explicit, the sources used as well as the
individual studies are clearly listed. In the earl-
ier publication, the rating of strength of the rec-
ommendation from the guidelines committee
was intertwined with the strength of the sup-
porting evidence, making the rating system
occasionally confusing. In the revised docu-
ment, these are clearly separated, with both a
rating system for the strength of the recommen-
dation made and a rating of the quality of evid-
ence for that recommendation. Formulation of

the 1997 recommendations was based upon the
level of evidence presented, and where ade-
quate data were lacking, consensus of expert
opinion was offered. The methodology for reso-
lution of disagreements among the experts was
not reviewed in the document. The guidelines
were externally reviewed through the peer
review process as well as by the Practice
Guidelines Committee, and were further sub-
ject to approval by the IDSA Council.

In the 1997 IDSA guidelines, a consensus def-
inition of febrile neutropenia is offered, namely
a temperature of 38.3°C, or 38.0°C for an hour’s
duration, in combination with an absolute neu-
trophil count less than 500/µl, or less than
1000/µl with an anticipated drop to below
500/µl. The consensus for standard evaluation
in neutropenic patients was described, with
some discussion of controversy surrounding
surveillance cultures for colonization, and the
role of routine central catheter versus periph-
eral blood cultures. Prompt initial therapy was
recommended in all patients, with three
empiric options (see Figure 14.1). One approach
includes combination therapy with vancomycin
and ceftazidime, particularly where empiric
vancomycin is felt to be clinically appropriate.
On the whole, less empiric use of vancomycin is
recommended in the revised guidelines com-
pared with the previous ones, in an effort to
help reduce the frequency of development of
vancomycin-resistant organisms. Indications
for empiric vancomycin use include obvious
catheter-related infections, in the setting of
intensive chemotherapy with mucosal damage,
quinolone prophylaxis, colonization with 
�-lactam-resistant Streptococcus pneumoniae or
with methicillin-resistant Staphylococcus aureus,
Gram-positive bacteria identified in a blood cul-
ture prior to final identification and susceptibil-
ity testing, and evidence of hemodynamic
instability. The other two options for empiric
therapy include monotherapy (with cef-
tazidime, imipenem, meropenem, or cefepime)
and duotherapy (with an aminoglycoside and
an anti-pseudomonal �-lactam). Duotherapy
with two �-lactam agents is discussed but not
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clearly endorsed – a shift from the 1990 recom-
mendations, where it was presented as a clear
alternative in initial empiric therapy.

In cases where there is patient defervescence
within three days of treatment, it is recom-
mended that clinically stable patients be con-
sidered for a change to oral antibiotics, while
higher-risk patients continue on initial therapy,
or that treatment be tailored to microbiologic
evidence of infection where appropriate. In
those patients with ongoing fever, reevaluation
is recommended on the fourth or fifth day of
therapy. If patients are clinically unchanged,
options include continuing the same manage-

ment, or discontinuing vancomycin therapy. If
a patient has deteriorated, a change in antibi-
otics is warranted, incorporating coverage that
was not started empirically. This includes
amphotericin B institution if patients remain
febrile on the fifth to seventh day of therapy,
with or without a change in the other antibi-
otics administered (see Figure 14.2).

With respect to the duration of therapy,
patients who are afebrile by the third day of
treatment, with granulocyte recovery, can be
considered for a seven-day course of therapy.
Additional recommendations for treatment
duration are outlined in Figure 14.3, and
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Fever (	38.3°C) and neutropenia (�500/mm3)

Evaluation

Is vancomycin needed?

Indications

Vancomycin
�

ceftazidime

Monotherapy

No indications

Ceftazidime or
imipenem*

Reassess after three days

Aminoglycoside**
�

anti-pseudomonal �-lactam

DuotherapySevere mucositis, quinolone prophylaxis,
colonized with methicillin-resistant Staphylococcus

aureus or penicillin/cephalosporin-resistant
Streptococcus pneumoniae, obvious catheter-related

infection, hypotension

*Recent studies suggest that cefepime or meropenem may be as effective as ceftazidime or imipenem as monotherapy.
**Avoid if patient is also receiving nephrotoxic, otoxic, or neuromuscular blocking agents; has renal or severe electroyte
dysfunction; or is suspected of having meningitis.

Figure 14.1 Guide to the initial management of the febrile neutropenic patients. (Reproduced with permission
from Hughes WT et al, J Infect Dis 1990; 161: 381–96.7)



292 TEXTBOOK OF FEBRILE NEUTROPENIA

Persistent fever during first 3 days of treatment: no etiology

Reassess patient on day 4–5

Add amphotericin B
with or without

antibiotic change

Continue initial
antibiotics

Change
antibiotics

If febrile through
days 5–7 and resolution

of neutropenia is not
imminent

If no change in patient,
consider stopping

vancomycin

If progressive disease,
add vancomycin plus

Gram-negative
bacillary coverage

Figure 14.2 Treatment of patients who have persistent fever after three days of treatment and for whom the
etiology of the fever is not found.  (Reproduced with permission from Hughes WT et al, J Infect Dis 1990; 161:
381–96.7)

Afebrile by day 3

ANC	500/µl
by day 7

Fever persists

Stop after
7 days

ANC�500/µl
by day 7

Low risk or
clinically well

Stop when
afebrile

5–7 days

High risk or
ANC�500/µl,
mucositis, or

clinically unstable

Continue
antibiotics

Stop 4–5
days after

ANC	500/µl

Reassess

Continue
for 2 weeks

Reassess

ANC	500/µl ANC�500/µl

Stop if no
evidence

of disease,
and stable

Figure 14.3 Duration of antibiotic therapy (ANC, absolute neutrophil count). (Reproduced with permission from
Hughes WT et al, J Infect Dis 1990; 161: 381–96.7)



include discontinuation of therapy at four to
five days after neutrophil recovery. In persis-
tently febrile patients without neutrophil recov-
ery, it is suggested that all antimicrobials may
be discontinued after two weeks of therapy
including amphotericin B, provided there is no
evidence of clinical infection (including
computed-tomographic lung and abdominal
scans to rule out systemic fungal infection).
These patients must then be followed with close
observation.

Antivirals are not routinely recommended by
the IDSA as part of initial empiric therapy
unless clinically indicated, and for the use
of hematopoietic colony-stimulating factors
(CSFs), clinicians are referred to the American
Society of Clinical Oncology guidelines for CSF
use.12–14 However, it was suggested that empiric
CSF use might be indicated in patients with
hypotension or sepsis-related multiorgan dys-
function, as well as in those with pneumonia,
systemic fungal infections, severe cellulitis or
sinusitis, and an anticipated delay in marrow
recovery. Granulocyte transfusions were not
recommended. Except for prophylaxis of
Pneumocystis carinii infection, these guidelines
did not recommend routine antibiotic prophy-
laxis. The panel reviewed the effectiveness of
trimethoprim–sulfamethoxazole (TMP–SMZ) or
quinolone prophylaxis, which demonstrated a
reduction in infection rates but not in mortality
with TMP–SMZ, and a reduction in Gram-
negative bacillary infections but not in the rate
of infections overall with quinolones. Despite
this evidence, the panel declined to recommend
routine antibiotic prophylaxis in neutropenic
patients because of the concern regarding the
emergence of drug-resistant bacteria due to
extensive antibiotic use. This represents a shift
from the 1990 guidelines, which had endorsed
prophylaxis with TMP–SMZ in certain patients.
Finally, the updated guidelines review several
cost-containment suggestions, including the use
of lower-dose antibiotic therapy, stepping
down to outpatient oral therapy where pos-
sible, and avoiding expensive agents (e.g. lipo-
somal amphotericin B and CSFs) where they are

unnecessary. While initial empiric outpatient
therapy is not endorsed, it is highlighted as an
area of promise, and potential cost contain-
ment.

With respect to the appraisal of guideline
content, the reasons for and objectives of guide-
line development are clear, with a satisfactory
description of the disease definition and
patients to whom the guidelines apply. It is
clearly stated that the guidelines are to be used
in the context of appropriateness for the indi-
vidual patient and setting, and should not be
used blindly or against the better judgment or
experience of the clinician. A multiplicity of
treatment options is clearly stated, and the rec-
ommendations are clearly presented for clini-
cians, with an adequate description of
treatment benefits, as well as treatment toxici-
ties. As mentioned, there is a section reviewing
economic considerations, and most recommen-
dations do appear supported by the benefits,
toxicity, and costs of the interventions. Where
this is not the case, the panel did highlight rea-
sons for the discrepancy. The IDSA is presently
revising the guidelines again, and publication
of the revision is anticipated in 2001.

Guidelines from the National Comprehensive
Cancer Network

The National Comprehensive Cancer Network
(NCCN) has also drafted guidelines for febrile
neutropenia management, using consensus of
expert opinion and published in 1999.8 The
panel of experts was drawn from member insti-
tutions of the NCCN, with the co-chair having
also been on the IDSA guidelines development
panel. The document states that the recommen-
dations made are based on scientific publica-
tions, peer-reviewed information formally
presented at meetings, and, where data are
lacking, expert opinion. The rating system of
recommendations is based on the degree of
consensus achieved, ranging from uncontested
recommendations to those that caused clear
disagreement among the panel experts. The
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definition and evaluation of febrile neutropenia
outlined in the document parallel those of the
IDSA. There is also a review of the utility of
two-site culturing for serum cultures, which is
not routinely recommended. Initial treatment
recommendations again parallel those of the
IDSA, with recommendations for monotherapy
(using imipenem, meropenem, ceftazidime,
cefepime), duotherapy with aminoglycosides
and anti-pseudomonal penicillins, and also
mention of the use of two �-lactam agents,
although this was not universally supported,
similar to the IDSA guidelines. Initial use of
vancomycin as part of combination therapy was
introduced as an option, with similar clinical
indications to those of the IDSA. One clear dif-
ference from the IDSA guidelines is the option
of duotherapy with ciprofloxacin and a urei-
dopenicillin.

The guidelines are unique in the develop-
ment of easy-to-use algorithms on site-directed
therapy. Various scenarios of clinical infection
in the neutropenic cancer patient are reviewed,
including clinical signs, appropriate testing
strategies, evaluation of treatment response,
and duration. There is also a focus on potential
etiologic agents and site-specific therapy,
including recommendations for empiric antivi-
ral and antifungal therapy tailored to specific
clinical scenarios. While these algorithms are
very attractive to the clinician for their ease of
practical application, the quality of the evidence
underpinning the specific therapies in the algo-
rithms is not always explicit in the document,
making critical appraisal of that evidence diffi-
cult.

The NCCN guidelines include a section on
outpatient therapy, with clear recommenda-
tions to consider outpatient therapy in experi-
enced centers, based upon the Talcott model of
risk assessment and small, randomized
trials.15–18 For the use of CSFs, conformation to
the ASCO guidelines is recommended.12–14 With
respect to prophylaxis, there are several recom-
mendations for specific use, in contrast to the
IDSA guidelines. These recommendations
include the use of quinolone or TMP–SMZ pro-

phylaxis for severe neutropenia (<100 neu-
trophils/µl for �7 days, but not for routine
short-term neutropenia. Antifungal and antivi-
ral prophylaxis are also recommended in spe-
cific settings, with a review of the existing
evidence (namely fluconazole in marrow trans-
plant patients, herpes simplex virus prophy-
laxis in marrow transplant and acute leukemia
patients with re-induction). With respect to P.
carinii prophylaxis, several groups are identi-
fied as appropriate candidates. These include
recipients of allogeneic marrow transplantation
and patients receiving therapy for acute lym-
phoblastic leukemia, and mention is made of
consideration of prophylaxis for patients on flu-
darabine, those with high steroid use (i.e.
>20 mg/day of prednisone), and those receiv-
ing autologous peripheral blood stem cells.
Expert opinion likely underpins consideration
of prophylaxis of the latter group, although this
is not explicit. Additional suggestions include
the use of antibiotic-impregnated vascular
catheters, and antifungal treatment strategies
including multiple antifungal agents, and
adjunctive therapy such as CSFs or even granu-
locyte transfusions. Again, the overall speci-
ficity of the recommendations lends itself well
to practical application in the clinical setting,
but a clear rating of the supporting evidence for
these was not clearly stated in the document
text.

Guidelines from the Federation of French
Cancer Centers

Recommendations for the management of brief
neutropenia from the Federation of French
Cancer Centers were published in 1998, in abs-
tract form in English.9 The practice guideline
was developed by a multidisciplinary group of
experts, with feedback from oncologists. Data
using literature search (Medline and Current
Contents) and personal reference lists were
used, with clearly defined outcomes for study
endpoints. Reviewers from 20 French cancer
centers reviewed the evidence and formulated
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recommendations. These recommendations are
not dissimilar to those of the IDSA. They
include informing patients of the risks of
chemotherapy, observing afebrile neutropenic
episodes without antibiotic prophylaxis, and
empiric antibiotic therapy for all febrile neu-
tropenic episodes, which may include �-lactam
and aminoglycoside combination therapy or
monotherapy with a broad-spectrum �-lactam
except in the case of septic shock or respiratory
disease. Glycopeptides such as vancomycin can
be added if catheter-related or cutaneous infec-
tion is obvious, as well as in the case of microbi-
ologically documented infection caused by
oxacillin-resistant Gram-positive bacteria, or in
the clinically deteriorating patient with persis-
tent fever. The evidence supporting outpatient
treatment was felt to be insufficient to recom-
mend it at that time, and participation in stud-
ies to identify factors predicting low risk and
assessing feasibility and safety of early dis-
charge and outpatient therapy was recom-
mended.

Guidelines from the Japanese Infectious
Disease Society

Available in abstract form in English, guide-
lines developed by the Japanese Infectious
Disease Society were published in 2000, using
formal consensus methodology where indi-
vidual panel members vote on each recommen-
dation.10 The definition and evaluation are
similar to those in the guidelines previously
discussed, as is empiric therapy, with a recom-
mendation for either monotherapy with a car-
bapenem or third-generation �-lactam or
combination of either with an aminoglycoside.
Initial glycopeptide treatment is not mentioned
in the abstract, but may well be discussed in the
full text. If additional therapy is required, the
use of glycopeptide or antifungal agents is rec-
ommended. The abstract states that the guide-
lines require study for confirmation, implying
future outcome assessment, including evalu-
ation of response rates of different recom-

mended treatment regimens, and the potential
for use in evaluation of newer agents for febrile
neutropenia.

Guidelines from the Italian Association of
Pediatric Hematology and Oncology

The aim of these guidelines was to address the
tremendous variability in management of
febrile neutropenia in children in Italian cen-
ters, and the impact on costs and development
of antibiotic resistance.11 A chairperson was
nominated to prepare a first draft based upon
evidence, which was subsequently reviewed by
experts in the society. Through publication, the
document also underwent external peer review.
The rating system is similar to that used by the
IDSA in 1990, linking recommendation accep-
tance by experts with quality of evidence, and
without a separate rating of the quality of sup-
porting evidence. A similar definition of febrile
neutropenia to that in the adult population is
reached. As with other guidelines in this area,
clinicians are cautioned to apply the guidelines
with awareness of their local patterns of infect-
ing organisms and antimicrobial resistance.
Standard evaluation without surveillance cul-
tures is recommended, with a review of evid-
ence for additional tests. A recommendation
formulated from expert opinion for ongoing
cultures daily or even twice daily was pre-
sented – a contrast to the IDSA guidelines for
adults. It is recommended that all patients
receive inpatient therapy, with recognition that
oral or outpatient therapy is a feasible approach
currently under investigation. The three recom-
mended options for empiric therapy of febrile
neutropenia in children are similar to those in
adults, namely combinations of �-lactams and
aminoglycosides, double �-lactam coverage,
and monotherapy with a carbapenem or third-
generation cephalosporin. Intravenous or oral
monotherapy with a quinolone is also men-
tioned, but the supporting evidence is not
clearly reviewed in the document. The pros and
cons of all options, including cost, are
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presented. The favored option, particularly in
higher-risk patients (i.e. those with prolonged
duration of neutropenia), is combination ther-
apy with a �-lactam and aminoglycoside.
Overall, empiric use of vancomycin or
teicoplanin is discouraged for fear of develop-
ment of resistant organisms, and their use is not
endorsed unless staphylococcal infection risk is
clinically likely, in centers with high rates of
methicillin resistance. A similar caution is made
regarding the development of resistant organ-
isms through the use of single-agent car-
bapenem therapy, and the authors conclude
that this should not be used routinely as part of
initial empiric treatment. Single daily dosage of
aminoglycosides, specifically amikacin given
the burden of evidence evaluating this drug, is
supported.

With respect to the duration of treatment,
continuing antibiotics for four to seven days
after defervescence is suggested, with
consideration of early discharge if patients are
afebrile and at low risk. Patients at low risk
include those with evidence of marrow recov-
ery and controlled disease, and who have
access to proper monitoring at home. The use of
antifungal therapy was reviewed, and empiric
antifungal therapy was discouraged, except in
selected groups of patients. Planned outcome
evaluation of the guideline development and
plans for revision were not specified in the text,
but may be published in the future.

GUIDELINES FOR METHODOLOGY IN
CLINICAL TRIALS IN FEVER AND
NEUTROPENIA

While guidelines for practice are becoming
increasingly sophisticated in the evaluation of
treatments and comparison of different agents,
a major problem remains in the lack of unifor-
mity in available evidence, particularly in clini-
cal trial endpoints. It is intuitively clear that as
the definition of failure of response to therapy
changes, so will a study’s results and its conclu-
sions about treatment efficacy. This was ele-

gantly demonstrated in a study conducted by
Elliott and Pater,19 in which three different mea-
sures of outcome were used to define response
in testing new antibiotic regimens for febrile
neutropenic episodes. Using two of the defini-
tions, a significant difference between
responses to treatment regimens were
demonstrated, but using the third definition,
only treatment equivalence was shown. This
latter definition used death from infection as
the only definition of treatment failure, and
since patients could be rescued with treatment
modifications as part of the study, the infection-
related death rates are, not surprisingly, equiv-
alent. Thus, changing the height of the
benchmark of the trial endpoint can change the
success rate in these trials.

Several definitions of treatment response in
trials of febrile neutropenia exist, including
guidelines proposed by the Immuno-
compromised Host Society (ICHS),20 the
International Antimicrobial Therapy Coopera-
tive Group of the European Organization for
Research and Treatment of Cancer (EORTC),21

Pizzo and co-workers,22,23 and others (see Table
14.1).

An earlier attempt to develop a consensus
guideline in this area resulted in adoption of
the ICHS guidelines for response,24 and has
been extensively reviewed elsewhere.25,26

Despite the US Food and Drug Administration
requirement that trials carried out to obtain
approval for antimicrobials in patients with
febrile neutropenia comply with these guide-
lines, this has not resulted in the widespread
report of these endpoints in the actual publica-
tions of trial results. As the published results
are what clinicians use to guide therapy, and
comprise the evidence on which practice guide-
lines are commonly based, this is a key area of
concern. It seems clear that in our paradigm
shift in the clinical practice of medicine to a
more evidence-based approach, the use of a
uniform guideline on how to conduct investiga-
tion and establishment of that evidence must be
promoted. To that end, the ICHS guidelines for
methodology of the design and conduct of clini-
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Table 14.1 Criteria for response in studies of empiric therapy for neutropenic sepsisa

Pizzo criteria for response
1. Evaluation: at 72 hours and end of treatment
2. Success: survival of febrile episode until neutrophil recovery with no modification of original regimen
3. Success with modification: survival of febrile episode but requiring addition of another agent or

complete change of regimen
4. Failure: death from infection

EORTC criteria for response
1. Evaluation: at 72–96 hours and end of treatment
2. Success: all signs of infection resolved and infecting organisms eradicated without any modification

of primary regimen; must be maintained for 7 days after stopping initial antibiotics
3. Failure: death from infection; bacteremia for more than 24 hours; breakthrough bacteremia; no

response to initial therapy; documented resistance of pathogen to initial therapy; modification of
regimen with shock, acute respiratory failure, disseminated intravascular coagulation

4. Non-evaluable for response: mixed or non-bacterial infection; non-infectious febrile episode;
treatment stopped because of toxicity

5. Protocol violation: change of therapy from �-lactam, with susceptible Gram-positive infection in
setting of persistent fever

ICHS criteria for response
Microbiologically defined infection
1. Success: eradication of signs and microbiologic evidence of infection on primary therapy; no

recurrence for 7 days after stopping initial antibiotics
2. Initial response but regimen modified: success as above, but secondary infection arises requiring

addition of another agent
3. Failure: death from infection; any change to the initial antibiotic regimen to eradicate infection

Clinically defined infection (i.e. no microbiologic isolate)
1. Success: same as above without evidence of bacteriologic cure
2. Initial response but regimen modified: same as above
3. Failure: same as above

Unexplained fever
1. Success: patient defervesces on initial regimen and recovers from neutropenia; no recurrence of

fever within 7 days of completing initial antibiotic regimen
2. Initial response but regimen modified: patient develops new fever after initial defervescence,

requiring additional agent outside spectrum of initial therapy
3. Non-response or failure: death from infection; any change to initial regimen for persistent fever

aAdapted with permission from Feld R, Support Cancer Care 1998; 6: 444–8.26



cal trials in febrile neutropenia are being
updated, with the assistance of the
Multinational Association for Supportive Care
in Cancer (MASCC). In addition to the empha-
sis on patients considered high-risk, they will
also include guidelines for trials of outpatient
therapy, in patients at lower risk, using the
Talcott15 and/or MASCC criteria for this defini-
tion.27 These guidelines are currently being pro-
duced by both international societies, and
ideally would be endorsed by other societies
such as ASCO and IDSA prior to publication,
which is expected in 2001.

Predicting the future of guidelines is not an
exact science. But it can be seen from this
review that many local documents are based on
one or two major guideline publications, and
we anticipate this will be the way of the future.
While local guidelines assist practitioners in
applying minor regional differences to general
management approaches – for example tailor-
ing therapy guidelines to pathogens and
antimicrobial resistance patterns in a specific
geographic area – we expect that only a few
major guidelines in each subject area will con-
tinue to be updated. Through the maintenance
of these guidelines as current and relevant to
clinical practice, we can continue to promote
quality improvements in our practice patterns
and in the supportive care of tomorrow’s cancer
patient.
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15
Healthcare economic concepts in fever and
neutropenia
Thomas D Szucs

I am finally summing up with an urgent appeal
to adopt this or some uniform system of publish-
ing the statistical records of hospitals. If they
were obtained, they would show subscribers how
their money was being spent, what amount was
really being done with it, or whether the money
was doing more mischief than good.

Florence Nightingale, 1863

WHY MEDICAL ECONOMICS?

In the past few years, the discipline of health
economics has experienced an extraordinary
boom within the healthcare sector. Researchers
from a wide range of disciplines have
developed new techniques to evaluate the
impact of clinical care and medical technology.
Clinicians, pharmacists, economists, epidemiol-
ogists, and operations researchers have con-
tributed to the new field of medical economics
to study how different approaches to patient
care influence the resources consumed in clini-
cal medicine. Faced with the basic economic
notion that resources are limited and desires as
well as needs are infinite, health economists try
to find solutions to the problem of how these
resources can be allocated appropriately to
maximize the production of health. The com-
mon denominator is the search for increased

efficiency and effectiveness of healthcare ser-
vices and products. Among these efforts, sev-
eral researchers from a wide range of
disciplines have begun to study the economic
impact of medicines on healthcare provision on
micro- and macroeconomic levels. The new
field of pharmacoeconomics has grown at a
tremendous rate, supplying ample evidence of
the economic benefits of modern therapeutics.

Not all medical interventions and proce-
dures, however, have to be subject of an eco-
nomic evaluation. A simple decision tool is
displayed in Figure 15.1. This box takes the two
main outcomes of a potential evaluation into
consideration: costs and clinical results or qual-
ity of a medical intervention. In circumstances

Higher costs

Evaluate

Reject

ACCEPT
(dominant)

Evaluate

Lower costs

O
ut

co
m

e

Figure 15.1 The four possible outcomes of an
economic evaluation.



where a drug is costly and leads to better
results, an economic evaluation is advisable.
Where a drug is cheaper and yields better out-
comes, the drug should be accepted. In the
opposite case, where a more costly drug or pro-
cedure produces less favorable outcomes, one
should reject it. Economic evaluations may,
however, assist in identifying those drugs that
have poorer outcomes but are also cheaper.

THE MAJOR COMPONENTS OF AN
ECONOMIC EVALUATION

All economic studies investigate the balance
between inputs (the consumption of resources)
and outcomes (improvements in the state of
health of individuals and/or society).

Inputs (costs)

Although the unit price of a drug or procedure
is often a prime factor in decision making,
economic outcomes research provides a more
comprehensive interpretation of cost. This is
accomplished by determining the overall cost of
a given diagnostic and therapeutic process from
the initiation of diagnosis until a final outcome
is achieved. The various types of costs can be
grouped under the following categories: direct
medical costs, direct non-medical costs, and
indirect costs.

Direct medical costs
Interpretations of what belongs in each of these
categories vary in the economic literature.
Direct medical costs are defined as those
resources used by the provider in the delivery
of medical care. As an example, direct medical
costs for a hospital include:

• drugs;
• laboratory tests;
• medical supplies;
• use of diagnostic equipment (e.g. magnetic

resonance imaging, CAT scans, X rays);
• medical staff time for personnel such as

physicians, nurses, pharmacists, physical
therapists, laboratory technicians, etc.;

• room and board: the cost of supplies,
equipment, and personnel required for rou-
tine patient-related services such as food,
laundry, and housekeeping.

These are examples of costs that can be directly
related to the care of patients. Other costs of
operating a hospital include plant maintenance
and repairs, utilities, telephone, accounting,
legal fees, insurance, taxes, real estate costs, and
interest expenses. In general, most economic
studies do not factor general operating costs
into the dollar value assigned to the cost of
resources expended for a given medicine.

Looking down the list of direct medical
expenses, it is easy to see why length of stay is
an important cost factor to hospitals, especially
when payment is determined by diagnosis-
related groups (DRGs). Costs such as room and
board are directly tied to the length of stay,
regardless of the reason. The cost of laboratory
tests, supplies, and medical staff time vary with
the medical condition being treated, but are
multiplied by the length of stay.

Since the introduction of DRGs, a common
selling strategy has been to emphasize how a
given technology such as a new antimicrobial
drug can help shorten hospital stays. More
recently, economic studies began to collect and
analyze data linking specific diagnostic strat-
egies to length of stay.

Length of stay in hospital settings translates
to the number of patient visits in managed care
settings. Although the specific items included
under the category of direct medical costs will
be slightly different in managed care organiza-
tions, the same principles of cost analysis apply.
Drugs that achieve results quickly and pre-
dictably not only benefit the patient, but also
benefit the provider by reducing the number of
patient visits. Every patient visit incurs
provider resource costs that may not be reim-
bursed by a third-party payer. Interventions
that minimize patient visits are clearly cost sav-
ings for the healthcare organization.
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Direct non-medical costs
Economic literature generally defines direct
non-medical costs as out-of-pocket expenses
paid by the patient for items outside the health-
care sector. This category includes such costs as:

• travel to and from the hospital, clinic, or
doctor’s office;

• travel and lodging for family members who
live elsewhere;

• domestic help or home nursing services;
• insurance co-payments and premiums;
• treatment not covered by third-party pay-

ers.

Although these costs are generally classified as
‘non-medical’, to the patient they are real and
often substantial costs of medical care. What
makes them ‘non-medical’ is that they are not
costs incurred by the healthcare provider, and
are somewhat difficult to measure. For example:

• A patient’s inability to afford competent
follow-up care at home may result in poor
compliance with drug therapies and even-
tual treatment failure. This may lead to
additional hospital stays or office visits,
which affect the provider’s bottom line.

• A patient’s inability to bear the unreim-
bursed cost of medications may also lead to
poor compliance and costly complications.

• High transportation costs may lead to
missed appointments for necessary follow-
up visits, which can result in deterioration
of a patient’s medical condition and
increased treatment costs for the provider.

Even though the provider may not directly
incur these costs, they can be used in specific
situations by making the provider aware of
their potential economic impact. It may also be
possible to use these costs to encourage payers
(e.g. employers and insurance companies) to
discuss the use of a more cost-effective test with
the healthcare provider.

Indirect costs
One definition of indirect costs (also called
‘intangible costs’ by some economic analysts) is

the overall economic impact of illness on the
patient’s life. These include:

• loss of earnings due to temporary, partial,
or permanent disability;

• unpaid assistance by family members in
providing home healthcare;

• loss of income to family members who for-
feit paid employment in order to remain at
home and care for the patient.

Like direct non-medical costs, indirect costs are
real to the patient, but abstract to the provider –
but may impact the provider’s direct medical
costs. For example, patients who cannot earn
income may not be able to pay their bills –
including medical bills. Economic hardship
may result in poor compliance with drug thera-
pies as patients reduce doses or fail to refill pre-
scriptions in order to save money. The medical
provider may have to bear the additional costs
of managing complications. Economic hardship
may also result in missed follow-up appoint-
ments, leading to the same types of problems
for providers as described previously with
direct non-medical costs.

Consequences and outcomes

Final states or outcomes can be negative (some-
times referred to as the ‘five D’s’):

• death;
• disability (the patient is permanently dis-

abled and unable to return to work or
school, perform household chores, etc.);

• discomfort (the patient is in a constant state
of moderate to severe pain);

• dissatisfaction (the patient is not satisfied
with the course of treatment or services
provided);

• disease (the patient’s condition is not being
controlled, resulting in frequent relapses,
rehospitalization, and expenditure of addi-
tional resources).

There are also positive outcomes:

• the patient is cured;
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• the patient is able to resume normal func-
tions;

• there is an improved or satisfactory quality
of life;

• the patient’s medical condition is success-
fully managed or stabilized by continued
drug therapy.

The use of outcomes research (see below)
represents an important advance in medical
economic analysis because of the relationship
between the final state, or result, of diagnosis
and therapy and overall cost–effectiveness. If it
can be demonstrated that a product or inter-
vention will achieve cost-effective, positive out-
comes, this will increase the chances of the
technology being diffused within healthcare.

IMPORTANT ECONOMIC CONCEPTS

Average, marginal, and joint costs

Most decisions in healthcare are not concerned
with whether or not a service should be pro-
vided, or whether or not a particular procedure
should be undertaken, but rather with how
much of the service should be provided. That
is, should existing levels of provision be
expanded or contracted? For example, should
the existing provision of daycare for people
with mental illness be expanded, and, if so, by
how much? What family planning services
should be made available? How many patients
presenting with head injuries should have com-
puted tomograms? All these decisions require
that attention should be focused on marginal
costs – that is, the change in total costs resulting
from a marginal change in activity.

In the short run, there is often an important
difference between the marginal cost of an
activity and its average cost, where the average
cost is defined as the total cost divided by the
total number of units of output (Table 15.1). An
example is provided by a study of the
cost–effectiveness of antihyperlipemic treat-
ment in the prevention of coronary heart dis-
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Table 15.1 Total, average, and marginal
costs: an illustration

No. of Total Average Marginal
patients cost cost cost
treated ($) ($) ($)

10 4000 400 0
20 5000 250 100
30 6000 200 100
40 6800 170 80
50 7400 148 60

ease.1 In this study, the marginal cost was calcu-
lated per life-year saved of continuing drug
treatment for successive periods of 5 additional
years for patients between 35 and 70 years of
age. These indicated large differences between
average and marginal cost–effectiveness, since
marginal costs increased quite steeply after 55
years of age.

Another context in which the distinction
between average and marginal costs is impor-
tant is in relation to the duration of hospital
stay of inpatients. Many new procedures have
reduced the amount of time necessary for a
patient to remain in hospital, and thereby yield
cost savings. When valuing these savings,
however, it is important to keep in mind that
using average costs/day will generally over-
state the savings, since the later days of a
stay usually cost less than the earlier ones. It
is the marginal cost/day that is the relevant
measure.

Another problem of cost measurement arises
in connection with joint costs. Often a single
production process can result in multiple out-
puts. For example, a single chemical analysis of
a blood sample can diagnose the presence of
many diseases. How should the cost be alloc-
ated to each diagnosis? Similarly, within a



hospital setting, there are many common ser-
vices (such as medical records, radiology, oper-
ating theatres, laundry, catering, and cleaning)
that contribute to a number of specialities.
Economic evaluation requires some method for
allocating the joint costs of these services to
individual programs or procedures. There are
several methods that may be used to do this.
Most of them use some physical unit of utiliza-
tion, such as the number of laboratory tests,
hours of operating theatre use, or square meters
of ward space, to apportion total laboratory,
operating theatre, and ward cleaning costs.

Costs of capital

Investments in buildings and equipment that
yield a flow of services over a number of years
give rise to capital costs. Generally, investment
expenditure will be undertaken at the begin-
ning of a project, but the use of items of capital
equipment will generate annual capital costs
over the lifetime of the asset.

These costs have two components: interest
and depreciation. Interest costs should be
included even if the asset was not acquired
with borrowed money, because tying-up
money in an item of capital equipment involves
an opportunity cost, namely, interest foregone.
Depreciation costs arise because of the wear
and tear that an asset receives through use and
the consequent reduction in the length of its
useful life. Land, however, is a capital asset,
which is not assumed to incur depreciation
costs.

Sometimes an item of capital expenditure is
unique to a particular use, and has little or no
alternative use value (opportunity cost). In such
cases, it is referred to as a sunk cost. A hospital
building or an item of medical equipment may,
for example, have considerable value in its
existing use but little resale value. This can pro-
vide a powerful case for continuing to use exist-
ing assets instead of undertaking new
investments, because, in an economic evalu-
ation, sunk costs should not be included among

annual capital costs. In practice, this considera-
tion is likely to be more important in the case of
major capital developments than of individual
procedures.

Adjusting for differences in timing:
discounting

The current (operating) costs associated with
most procedures can be expected to extend over
a number of years into the future, but their time
profiles may differ. In the case of many preven-
tive procedures, such as treatment for hyper-
tension, costs will be incurred regularly over a
number of years. The alternative of no preven-
tive treatment may well incur zero expenditure
in the early years, but incur the costs of surgery
earlier than would otherwise have been the
case. Discounting offers a means of standardiz-
ing different cost–time profiles so that total
costs can be compared.

Discounting is based on the assumption that
costs incurred in the immediate future are of
greater importance than costs incurred in the
distant future. This is because earlier access to
finance would permit investment at a positive
rate of interest, thereby yielding a larger sum in
the future (there is an opportunity cost) or
because people and society attach more impor-
tance to current opportunities than to future
ones (positive time preference).

For these reasons, economic evaluation
weights costs by a discount rate, according to
the year in which they accrue, before adding
them up and expressing total costs in present-
value terms (values in the current year).

In essence, discounting is the reverse applica-
tion of the more familiar compound interest
formula – instead of sums being calculated for-
wards, they are discounted backwards.
Fortunately, the application of discounting does
not require close familiarity with the formula,
since many finance and accounting textbooks
include discount tables. These indicate the pre-
sent values of the dollar at different discount
rates.
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Table 15.2 shows how present discounted
values will vary for selected combinations of
the discount rate and the years in which the
costs accrue. Looking across the second row of
the table, for example, shows that in the fifth
year, $1.00 will be worth 86 cents at a discount
rate of 3%, but only 68 cents at a discount rate
of 8%. The choice of the appropriate discount
rate depends in part on national recommenda-
tions. Given the sensitivity of valuations to the
choice of discount rate, however, and the fact
that the ranking of different projects with dif-
ferent time profiles could depend on the rate
chosen, it is good practice to compute costs in
terms of a range of discount rates.

Inflation

Most programs that extend over several years
will be affected by inflation. It is important,
however, to distinguish between changes in the
general price level and changes in relative
prices. In the case of general inflation, there will
be no change in the relative cost of inputs (their
opportunity costs remain constant). As such, all
future inputs can be valued at current prices
and discounted by a real (excluding inflation-
ary effect) rate of interest.

If, however, some input prices are expected
to increase more than others, there will be rela-
tive changes in their opportunity costs, and
these need to be taken into account. One way of
doing this is to use the general rate of inflation
as a benchmark and to adjust the future prices
of individual inputs – upwards or downwards
– by an amount that reflects the difference
between their rate of inflation and the general
rate. Thereafter, all costs should once again be
discounted by the same real rate of interest.

METHODS OF HEALTH ECONOMIC
EVALUATION

The most common methods employed by
health economists are based on classical research
designs such as cost-minimization, cost–benefit,
cost–effectiveness, and cost–utility analyses.2–4

(Table 15.3).

Cost-minimization analyses (CMA)

Cost-minimization analysis is concerned with
comparing the costs of different treatment
modes that produce the same result. For exam-
ple, this form of analysis could be used to com-
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Table 15.2 Present value of 1$

Discount rate

Year 3% 4% 5% 6% 7% 8%

1 0.9709 0.9615 0.9524 0.9434 0.9346 0.9259
5 0.8626 0.8219 0.7835 0.7473 0.7130 0.6806

10 0.7441 0.6756 0.6139 0.5584 0.5083 0.4632
15 0.6419 0.5553 0.4810 0.4173 0.3624 0.3152
20 0.5537 0.4564 0.3769 0.3118 0.2584 0.2145
25 0.4776 0.3751 0.2953 0.2330 0.1842 0.1460



pare the cost of two programs that involve
minor surgery for adults. Both have the same
outcome in terms of the surgical procedure, but
the first program might require the patient to
stay overnight at the hospital, while the second
might be done through day surgery without
requiring hospitalization. Given these two
alternatives, the search would be for the least
costly treatment. While we might be interested
in the extent to which daycare surgery shifts
costs from the institution to the patient, the
main efficiency comparison would be on a cost
per surgical procedure basis.

As far as pharmaceuticals are concerned, this
type of study is used most frequently when a
new drug is introduced into a therapeutic class
that includes close competitors and no measur-
able therapeutic effect between them has been
documented.

When the costs of two interventions are
being compared, cost-minimization analysis
often assumes that they lead to identical health
outcomes. Studies of this nature should report
evidence to support the contention that out-
come differences are non-existent or trivial in
nature. In most cases, however, the issues are
more than that of cost alone. It is rarely the case
that two therapies having the same indication
produce identical health outcomes in every
respect.

Cost–benefit analyses (CBA)

As applied to healthcare, cost–benefit analysis
measures all costs and benefits of competing
therapies in terms of monetary units. Generally,
a ratio of the discounted value of benefits to
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Table 15.3 Overview of the main types of pharmacoeconomic evaluations

Type of study Intervention Consequences Measurement of Compares Assumes
costs consequences alternatives equivalent

effectiveness

Cost–benefit Monetary value Monetary value Economic Not necessarily, No
analysis of resources of outcomes although
(CBA) consumed comparisons 

are implicit

Cost– Monetary value Effects on health • Lives saved Yes No
effectiveness of resources • Cases treated
analysis consumed • Years of life saved
(CEA)

Cost–utility Monetary value 1. Utility of health 1. Quality-adjusted Yes No
analysis of resources 3. effects 3. life-years (QALYs)
(CUA) consumed 2. Indirect costs 2. Economic

3. Subsequent 3. Economic
3. use of 
3. resources



costs (the present value of both) is calculated
for each competing therapy. The ratios for each
of the competing therapies and for competing
programs (e.g. intensive care unit versus new
diagnostic equipment) can be readily com-
pared.

Cost–benefit analysis has the shortcoming of
requiring the assignment of a dollar value to
life and to health improvements, including
quality-of-life variables. This presents equal
benefit issues as well as substantial measure-
ment problems. For these reasons cost–benefit
analysis has not been widely used in recent
years for evaluating drug therapies.

Cost–effectiveness analyses (CEA)

Cost–effectiveness studies measure changes in
the costs of all relevant treatment alternatives,
but measure the differences in outcomes in
some natural unit such as actual lives saved,
years of lives saved, or children immunized.
Cost–effectiveness analysis can also be applied
equally to cases where the outcome is in terms
of quality of life. Cost–effectiveness analysis is
useful in comparing alternative therapies that
have the same outcome units (e.g. years of life
expectancy or lives saved) but where the treat-
ments do not have the same effectiveness (i.e.
one drug may lead to greater life expectancy).
The measure compared is the cost of therapy
divided by the units of effectiveness, and hence
a lower number signifies a more cost-effective
outcome.

The most challenging endpoint of a
cost–effectiveness analysis is the cost per life-year
gained. This requires the researcher to calculate
the survival benefit of comparative strategies.
This is sometimes not an easy task, specifically
when the medical economist does not have
access to the raw data. When Kaplan–Meier
survival curves are available, the life-years
gained are represented by the area between the
two curves. Without such survival curves, life
expectancy has to be estimated by using life
tables,5 epidemiological formulas (declining

exponential approximation of life expectation,
DEALE),6,7 or modeling techniques.8

This type of study has the advantage that it
does not require the conversion of health out-
comes to monetary units, and thereby avoids
equal benefit and other difficult issues of the
valuation of benefits. It has the disadvantage of
not permitting comparison across programs,
which have different endpoints. In other words,
a drug whose function is aimed at reducing
infant mortality rates cannot be compared with
a drug designed to improve functional status of
senior citizens. Moreover, it cannot compare
outcomes measured in clinical units with
quality-of-life measures.

Cost–utility analyses (CUA)

Cost–utility analysis compares the added costs
of therapy with the number of quality-adjusted
life-years (QALY) gained. The quality adjust-
ment weight is a utility value, which can be
measured as part of clinical trials or indepen-
dently. The advantage of cost–utility analysis is
that therapies that produce different or multiple
results can be compared.

The QALY, which has been the standard
measure of benefit thus far, is arrived at in each
case by adjusting the length of time affected
through the health outcome by the utility value
(on a scale of 0 to 1) of the resulting health
status. Many analysts are more comfortable
with this measure of the consequence of med-
ical care than with the use of money as the mea-
sure of benefits.

With respect to drug therapy, cost–utility
analysis is an improvement over cost–effective-
ness analysis because it can measure the effects
of multiple outcomes (such as the impact of lab-
oratory tests on both morbidity and mortality
or the impact on both pain and physical func-
tional status).

In contrast to classical quality-of-life mea-
sures, utility assessments focus on health state
preference valuation. Some programs may have
the ability to save lives; the years of life gained
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across the entire population that could be
helped are often used as a measure of success of
the program. However, this measure has been
refined to recognize that even though the bene-
fits may be in years of life saved, the physical
state of affairs of the affected group may be less
than optimum during this extended time. As
noted previously, weights are attached to the
extended time, with a value of 1 given to nor-
mal function and a value less than 1 given to a
state of less than normal activity or discomfort.
A value of 0 would represent death (at times
where life is said to be worse than death, a
value less than zero is the minimum). These
weights are termed utilities, and they are used
as the adjusting factor to multiply the years of
life extended to obtain the quality-adjusted life-
year. Cost per QALY can be computed and
compared across alternative treatment scenar-
ios9 (Table 15.4).

Utilities can be assessed either through direct
measurement approaches (e.g. standard gamble
or time-tradeoff techniques) or through multi-
attribute instruments (e.g. the Quality of
Wellbeing Index,10 the Rosser Index,11 or the
Health Utility Index12). The direct methods
originate from research in the field of game
theory, as early as the 1950s.13 (Table 15.5 lists
utility values exemplified by the case of
metastatic breast cancer.)

In addition, the field of quality-of-life studies
has been increasingly integrated into economic
studies. Preferably, these analyses require a
prospective study design and should be incor-
porated into the early clinical development
process. In cases where this is not feasible,
sound retrospective studies may be performed,
employing analytical tools such as meta-
analysis, modeling, and decision analysis. The
concept of costs plays an important role in the
conduct of such studies, and exerts a great
impact on the corresponding results. The
approach used by health economists is to con-
sider costs as opportunity costs; i.e. they define
a cost to be the consumption of a resource that
could otherwise be used for another purpose.
Once the resource has been used, the opportun-

ity to use it for another purpose is lost. The
value of that resource is that of the next best
use. In pharmacoeconomic studies, costs as well
as benefits are classified in three classes: direct,
indirect, and intangible costs. It is important to
determine all costs and consequences within
the relevant timeframe and to avoid omitting
costs that may not be readily available. Before
conducting an economic analysis, the perspec-
tive or point of view of the study must be
defined. The view may be on the level of soci-
ety, the patient, payer, or provider.

OUTCOMES RESEARCH

Against this background, what is now called
outcomes research or medical effectiveness
research has a tremendously important role to
play.14,15 Several different activities fall under the
general rubric of outcomes research. The first is
clarification of the clinical, functional, and eco-
nomic impacts of individual technologies and
practice alternatives. Outcomes research also
involves evaluating patients’ preferences and
combining these in conjunction with the results of
technology assessments to define what might be
considered optimal practice. Once optimal prac-
tice has been defined, an additional type of out-
comes research seeks to compare actual practice
with the standards of practice developed from
the preceding evaluations. When actual and pre-
ferred practices differ, outcomes researchers
need to evaluate why they differ, and then
develop interventions that will shift actual prac-
tice into closer compliance with what is thought
to be optimal practice. Outcomes research will
ultimately provide the information that is
needed to make product pricing decisions,
coverage decisions, payment decisions, acquisi-
tion decisions, and usage decisions in a cost-
conscious and value-driven environment. It will
be critical to providers’ and manufacturers’ sur-
vival in an increasingly competitive environ-
ment. Given this perspective, researchers have
clearly been performing outcomes and effective-
ness research for a long time.
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Table 15.4 League table for various medical interventions in oncology

Intervention Costs/life-year Ref

Routine carcinoembryonic antigen monitoring of colon cancer 031 000–6 600 000 32

Allogenous bone marrow transplantation for 421 000 33
relapse of Hodgkin’s disease

Bone marrow transplantation and high (versus 129 179 34
standard) chemotherapy for breast cancer

Allogeneic bone marrow transplantation in 115 800 34
metastatic breast cancer

Chemotherapy of acute non-lymphocytic 080 300 35
leukemia

Adjuvant CMF (cyclophosphamide, methotrexate, 044 000 36
5-fluorouracil) in 75-year-old women with
breast cancer

Postsurgical chemotherapy for 60-year-old women 022 105 36
with breast cancer

Postsurgical chemotherapy for 018 107 36
premenopausal women with breast cancer

Interferon-�2b in hairy cell leukemia 013 800 37

Paclitaxel as first-line chemotherapy of ovarian 006 400–11 400 38
cancer (six European countries)

Adjuvant CMF in 45-year-old women 004 900 36
with breast cancer

Tamoxifen in advanced breast cancer 004 810 39



What is it then that is new about outcomes
and effectiveness research? First, researchers
are now focusing on a broader spectrum of out-
come measures than has historically been the
case. Newer measures include functional status,
health-related quality of life, and costs. Second,
they are now interested in measuring outcomes
in everyday practice, not just in the settings in
which randomized trials are typically con-
ducted. Third, they are using new types of data
sets, such as insurance claims and hospital dis-
charge abstracts, to perform outcomes research.
The use of such datasheets, as well as the use of
non-randomized trial methodologies in out-
comes research, is controversial. Researchers,
however, simply are not going to be able to do
a randomized trial on everything, and in many
circumstances it would not be cost-effective to
do so. Finally, increased attention is being paid
to the patients’ viewpoints in the outcomes
research that is currently being performed.

HEALTH ECONOMIC ASPECTS OF FEBRILE
NEUTROPENIA

During the past decade, several excellent eco-
nomic evaluations have been performed in the
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Table 15.5 Utility values exemplified by the
case of metastatic breast cancer38

Health state Utility

Partial response 0.81
Stable disease 0.62
Before commencement of 2nd-line 

therapy 0.59
Partial response plus severe 

neuropathy 0.53
Progressive disease 0.41
Sepsis 0.20
Terminal disease 0.16

field of febrile neutropenia, with great empha-
sis on antimicrobial therapy and colony growth
factors. These studies have clarified the costs
and consequences of drug interventions and, in
several instances, have significantly impacted
formulary decisions. The conduct of economic
analyses in febrile neutropenia is quite easy,
because the benefits of therapy can usually be
seen within a relatively short time frame. Thus,
future costs and consequences do not have to
be discounted to their present value.

What are the costs of treating patients with
febrile neutropenia?

There have been only few studies to date
assessing the costs of febrile neutropenia.
Faulds et al16 noted that the costs of treatment
varied widely among institutions. Chaplin17

summarized the financial implications of febrile
neutropenia management, and concluded that
detailed cost studies were urgently required.

In a retrospective study, Leese et al18 collected
data over a 1-year period from the medical
records of patients admitted to a district general
hospital – either with febrile neutropenia or who
developed this complication whilst receiving
inpatient chemotherapy. Costs were calculated
for inpatient stay, drug treatment, and diagnos-
tic tests. The median total costs for 46 episodes
of febrile neutropenia were £2068.35 and the
median total cost per day was £139.41. Inpatient
bed-days accounted for 57.8% of total costs, fol-
lowed by drug treatment at 25.8% and diagnos-
tic tests at 16.4%. The costs of blood products
were excluded, since they are frequently admin-
istered irrespective of the neutropenia.

Which treatment setting is more cost-
effective and preferred by patients and
families?

Mullen et al19 measured resource allocation in
outpatient management of fever and neutrope-
nia in low-risk pediatric patients with cancer



and its impact on their families in a prospective
clinical trial. Eligible patients received a single
dose of intravenous antibiotics, and were
observed for several hours in clinic. Patients
were randomly assigned to continue either
intravenous or oral antibiotics, and were seen
daily as outpatients. Charges were calculated
based on the number of resources used and
Medicare/Medicaid reimbursement schedules.
A questionnaire was used to measure the
impact of outpatient treatment on the family. A
total of 73 episodes of fever and neutropenia
were studied. The median duration of treat-
ment was 4 days. Of the episodes, 86% were
managed without hospitalization. The median
calculated charge was $1840. The median calcu-
lated charge for patients receiving oral antibi-
otics was $1544, and was significantly less than
the $2039 median charge for outpatients treated
with intravenous antibiotics. The estimated
charge for comparable inpatient treatment was
$4503. Nearly all families preferred outpatient
care, and few reported a loss of work hours or
increased childcare expenses. The investigators
concluded that outpatient treatment of low-risk
episodes of fever and neutropenia is substan-
tially less costly than inpatient care, and is pre-
ferred by most families.

What has been learned by the expanded use
of costly colony-stimulating factors from an
economic point of view?

The colony-stimulating factors have been used
effectively in a variety of clinical settings to pre-
vent febrile neutropenia and to assist patients
receiving dose-intensive chemotherapy with or
without stem cell support. Several studies have
confirmed the clinical efficacy of the colony-
stimulating factors used prophylactically in
both solid tumors and hematologic malig-
nancies. The cost of these agents, along with
their large-scale clinical use, has prompted a
number of economic investigations. Economic
analyses based on measures of resource utiliza-
tion derived from randomized clinical trials

have provided febrile neutropenia risk thresh-
old estimates for the cost-saving use of prophy-
lactic colony-stimulating factors. A number of
important studies concerning the clinical and
economic impact of these agents have been
reported recently. These include a revised cost-
minimization study based on improved febrile
neutropenia cost information and a cost–effec-
tiveness analysis in the adjuvant breast cancer
setting based on a clinical prediction model to
select patients at high risk for neutropenic com-
plications. Continuing clinical and economic
evaluation along with updating of clinical prac-
tice guidelines is needed owing to the rapid
technological and clinical advances in this area.

Which type of antibacterial regimen is more
cost-effective in the empiric management of
febrile neutropenia?

There is evidence to suggest that single-agent
broad-spectrum antibacterials may be cost-
effective alternatives to combination antibiotics
for the empiric management of febrile neu-
tropenia in cancer patients. Dranitsaris et al20

compared the clinical effectiveness of cef-
tazidime monotherapy with that of two combi-
nation antibiotic regimens in cancer patients
with febrile neutropenia. The two comparator
regimens consisted of tobramycin plus
piperacillin, either with (CAP regimen) or with-
out (AP regimen) cefazolin. They also per-
formed a cost–effectiveness analysis of the three
regimens. Meta-analysis of randomized com-
parative trials between the three therapy
groups was performed to determine the aver-
age overall response rate after 3–5 days of treat-
ment. Seven clinical studies were selected for
analysis. The overall incidence of adverse drug
reactions (ADRs) was determined using the
results of comparative and non-comparative
studies. A comparative cost-analytic model was
applied from a hospital perspective. The costs
of primary therapy, hospitalization, laboratory
tests, routine patient care, and treating ADRs
were calculated, as were future costs.
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Monotherapy with ceftazidime was associated
with an overall response rate of 63.5% and
mean per-patient costs of C$12 000 to C$14 000.
In comparison, the AP regimen was associated
with an overall response rate of 58.8% and
mean costs of C$13 000 to C$16 000 per patient.
The overall response rate in patients receiving
the CAP regimen was 75.3%, and the mean cost
per patient was C$11 000 to C$12 000. Thus, the
CAP regimen was the most cost-effective ther-
apy from a hospital perspective.

What is the economic benefit of a step-down
regimen in high-risk neutropenic patients?

In a recent study, Marra and co-workers21 deter-
mined treatment outcomes and the economic
impact of a ciprofloxacin step-down program
for high-risk febrile neutropenic adults from the
hospital’s perspective. In an unblinded, two-
phase, single-center study, adult leukemia and
stem cell transplant (high-risk) adults with
febrile neutropenia were studied. Two
approaches were analyzed: a multidisciplinary
ciprofloxacin step-down program involving a
reduction in parenteral ciprofloxacin dose from
400 to 200 mg and conversion to oral
ciprofloxacin when criteria were met; and an
approach without the parenteral step-down
program. In total, 46 sequential treatment
courses were compared with a 42-treatment
course from 6-month periods in pre-
intervention (P1) and post-intervention (P2)
phases. Assessed parameters were clinical and
microbiologic outcomes, ADRs, and direct
medical resource use and costs (1998 Canadian
dollars) for the episode of febrile neutropenia.
A decision-analytic model was used to map
probabilities and costs and to conduct sensitiv-
ity analyses. To supplement standard statistical
testing, 1000 bootstrap samples were created,
and the mean cost difference was calculated
between phases for each sample. Patient demo-
graphics, percentage intravenous-to-oral step-
down, and duration of therapy were similar
between phases. Clinical success (83% P1, 81%

P2), microbiologic eradication (15% P1, 24%
P2), and possible ADRs (6% P1, 9% P2) did not
differ. Intravenous-to-intravenous dose step-
down occurred in 33% of P2 and no P1 treat-
ment courses (p � 0.001). Resource use and
costs were similar between phases, although a
reduction was seen in the drug’s mean total
cost/day (C$58 P1, C$52 P2, p � 0.04). There
was also a trend toward a decrease in mean
total treatment costs (C$4843 P1, C$3493 P2,
p � 0.08). Of 1000 bootstrap samples, 99.8%
showed a cost advantage for P2. The model was
robust to sensitivity analyses. Finally, the
authors concluded that this intervention influ-
enced the administration of ciprofloxacin with-
out an apparent compromise of patient
outcomes and resulted in a reduction in total
costs of treating febrile neutropenia.

USING ECONOMIC ANALYSES IN DECISION
MAKING

Just conducting pharmacoeconomic research is
often not enough. What has to be done is to
increase the impact of such evaluations. A lot of
economic data has already been compiled, but
is not being used properly. So the future lies
also in using results and increasing the impact
of those evaluations.22 One means, for example,
is to involve decision makers in the planning of
such studies. In the past, manufacturers have
produced data and tried to convince decision
makers, instead of working together with
decision makers beforehand. It should always
be noted that economic analysis and economic
data represent only part of the information
required for the decision process. The next step
is to make decision makers aware of the useful-
ness of an economic evaluation. Whoever the
decision maker is, there will be no use, if they
don’t feel that they can make a better decision
based on this economic evidence. It is extremely
important to have the data present before the
decision is being taken.

The next point is to make the study known in
the community by all means of publication and
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communication, preferably through the chan-
nels that reach decision makers. This means
that methodologies have to be reviewed in
terms of their credibility, financial costs, and
time completion. Classifications such as those
used in the Cochrane Collaboration may also be
suitable for analyzing and rating the sources for
economic evaluations.23 Table 15.6 lists a rank
order of methodologies for assessing credibil-
ity. In those cases where economic studies can-
not be combined with randomized controlled
studies, modeling techniques have to be
employed.24 However, also here good modeling
practice should be envisaged.25 Checklists have
been developed in order to facilitate the
appraisal of the quality of economic analyses
and assist in minimizing possible bias.26,27 These
criteria are also being increasingly used in the
peer-review process by many biomedical jour-
nals28 and discussed accordingly.29

In many countries, such as Canada and
Australia, economic appraisal is a prerequisite
for acceptance of a new pharmaceutical product
to be considered reimbursable.30,31
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Table 15.6 Rank order of methodologies in
terms of credibility, financial cost and time to
completion

• Economic analysis integrated into a
randomized controlled clinical trial

• Economic analysis integrated into
case–control or cohort observational study

• Model based on published randomized
clinical trial

• Model based on published observational
study

• Model based on expert opinion
• Model with unclear or incomplete source of

data

FUTURE OUTLOOK

Medical economics will become one of the most
significant strategic success factors for health-
care providers in an era of cost containment.
The challenge will be not only to meet the
requirements of government agencies and pay-
ers who are increasingly asking for economic
assessments of commercial products, but also to
address the value of medical economics to clini-
cians. In the future, it will certainly be neces-
sary for clinicians to apply the tools of
economic analyses both in research and in prac-
tice. Instead of waiting for policy analysts,
third-party payers, or governmental agencies to
hand down decisions about which services are
deemed worth the cost, physicians could even-
tually become practicing clinical economists.
Another approach is to explore ways in which
clinical decisions are influenced by as well as
influencing the cost of care. Clinicians need to
integrate economic thinking into their decision
making if medical care is to be rational but
not rationed. Pharmaceutical and device-
manufacturing companies can contribute signif-
icantly to this process by expanding economic
research on their products, by providing train-
ing and know-how to medical professionals,
and by encouraging customers to acknowledge
the validity of such research.
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Fever in the neutropenic patient: Past lessons
and future prospects
Philip A Pizzo

The association of fever, neutropenia, and risk
of infection began with the seminal observa-
tions of the individuals to whom this book is
dedicated. It was Gerry Bodey who reported in
the mid-1960s that a drop in the neutrophil
count in cancer patients, especially when pro-
found and protracted, is associated with a
heightened risk for infection. When these infec-
tions go unrecognized or are not treated
promptly, morbidity and mortality are signific-
ant. The first and perhaps most enduring
impact on the infection-related mortality associ-
ated with fever and neutropenia emanated
from the studies of Jean Klastersky in Europe
and Stephen Schimpff in the USA, who
demonstrated the role of early empiric anti-
biotic therapy in the management of fever and
neutropenia.

It is now more than three decades that have
unfolded since these initial discoveries, and
much has changed in the diagnosis, manage-
ment, prevention and outcome of the infectious
complications that occur in conjunction with
fever and neutropenia. In this book, a number
of distinguished experts have reviewed and
codified the many advances and progress that
have been accomplished, and the challenges
that remain.

PAST LESSONS AND THE PROGRESS
OBSERVED DURING THE PAST THREE
DECADES

Although the approach to the diagnosis and
management of fever in the neutropenic patient
employed today is thematically consonant with
principles generated more than a quarter of a
century ago, there have been considerable
changes as well. These include the patients at
risk for infection, the types of anticancer ther-
apy they receive, the nature of the infecting
organism and the patterns of infections
observed, the antimicrobial armamentarium,
the increasing availability of biological thera-
pies, and evolving concepts regarding preven-
tive strategies. Many of these changes have
been discussed in detail in this book. In this
chapter, I shall summarize some of these devel-
opments and offer some perspective on how
they inform current management and future
research.

Changes in the patients at risk

When the principles surrounding empiric
antimicrobial therapy for neutropenic patients
who became febrile were initially elucidated,
they largely applied to individuals receiving



chemotherapy for acute leukemias, especially
adults with acute myeloid leukemia. These
patients generally suffered the greatest periods
of neutropenia and were among the most inten-
sively treated with chemotherapy.

Since the late 1960s and early 1970s, more
intensive chemotherapy regimens have been
administered to adults and children with various
solid tumors as well as those with leukemias and
lymphomas. Although the duration of bone mar-
row suppression, and hence the risk of infection,
is greatest in individuals with underlying bone
marrow disease or those who have received
marrow-ablative regimens, such a risk is now
clearly extended to other patient populations.
These include both adults and children with
solid tumors who are receiving chemotherapy
(especially dose-intensive regimens with or
without stem cell reconstitution), patients with
primary or secondary bone marrow failure
states, and individuals who may be treated with
cytotoxic therapies for non-malignant processes.

Accordingly, with the exception of patients
who have transient neutropenias associated
with antecedent viral infections, it can be gener-
ally assumed that broad-spectrum antibiotic
therapy should be promptly and empirically
administered to every individual who has
developed a fever while neutropenic. This is
especially true for individuals who have
received prior cytotoxic chemotherapy.

It should also be noted that, even in the
absence of fever, neutropenic patients with
localizing symptoms that are compatible with a
possible site of infection (e.g. abdominal pain)
should be treated similarly to neutropenic
patients with fever. Indeed, certain organisms
(e.g. Clostridium septicum) can cause devastating
infections in neutropenic patients in the absence
of fever.

Changes in cancer treatment and their
impact on outcome

Combination chemotherapy began in the mid
1960s and early 1970s with the treatment of

acute leukemias and lymphomas (especially
Hodgkin’s disease). Multimodal therapy is now
part of most therapeutic regimens, and, in
many cases, dose-intensive therapies are a
component of the therapeutic regimen. At the
same time, based on the underlying disease and
the chemotherapy regimen, it is possible to cat-
egorize patients as ‘low-risk’ or ‘high-risk’. As
detailed in Chapters 8 and 9, this risk stratifica-
tion has important implications for patient
management, including the type and route of
initial empiric antimicrobial drug delivery, the
need for subsequent modifications of therapy,
and even whether patients are treated in or out
of hospital.

It has also become clear that while the depth
and duration of neutropenia are perhaps the
most important determinants for the risk of
infection, both the underlying disease and
chemotherapy regimen that is administered can
impact other host defenses. Notably, the impact
on cellular immunity, measured by sustained
age-related depressions in CD4� cell number,
underscores the multidimensional impact of
cancer therapy on innate and acquired host
defenses.

Change in the organisms causing infection
and the patterns of disease

As discussed in Chapters 1, 6 and 7, the need for
prompt empiric broad-spectrum antibiotic ther-
apy in the 1960s–1980s was underscored by the
dominance of Gram-negative organisms causing
severe infections in cancer patients. Most notable
were infections due to Pseudomonas aeruginosa,
Escherichia coli, and Klebsiella spp. Although these
organisms can still be responsible for serious
infections, there has been a notable decline in
Gram-negative infections in most centers treat-
ing cancer patients in the 1990s through the pre-
sent. The reasons for this decline are not fully
understood, but it is also clear that Gram-
negative bacteria remain a significant problem at
selected institutions and, in particular, in devel-
oping nations.
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At the same time that Gram-negative organ-
isms declined, Gram-positive isolates increased,
especially with coagulase-negative staphylo-
cocci. Although this is largely attributed to the
remarkably increased use of indwelling sialastic
catheters in cancer patients, it is important to
note that some of the trends with Gram-positive
organisms occurred prior to frequent catheter
use. In addition to the coagulase-negative
staphylococci, S. aureus, streptococci (perhaps
most notably some of the viridans streptococci),
and enterococci have also emerged as signific-
ant pathogens.

As also detailed in Chapters 1, 5, 6 and 7, the
choice of empiric antibiotic therapy and out-
come of the patient can be linked to the infect-
ing organism. However, because empiric
antibiotic therapy is initiated with the onset of
fever and includes broad-spectrum regimens, it
is also notable that the ability to diagnose either
a site of infection or microbiological etiology is
now the exception rather than the rule. Indeed,
unlike the patterns observed in the 1960s and
1970s, when a clinical or microbiological site of
infection was diagnosed in two-thirds of
patients presenting with fever and neutropenia,
this now occurs in less than a third of patients.
Of course this does not mean that these patients
are uninfected, but rather that early therapy has
suppressed or muted the ability to define a clin-
ical or microbiological site or cause of the fever.
Clearly, this also makes management decisions
more challenging, since the initial therapeutic
regimen, and its modification and duration, are
now guided by persistent or recurrent fever
rather than clinical or microbiological end-
points.

Although bacteria account for the majority of
the initial fevers in neutropenic cancer patients,
it has also become clear during the last three
decades that other classes of organisms are
responsible for primary or secondary fevers or
infections. Among these are the herpesviruses
as well as the respiratory viruses, fungi (which
can be influenced by geography), and various
parasites, either due to reactivation or new
acquisition.

Given the wide range of potential offending
organisms, it has also become increasingly clear
that neutropenic cancer patients can have mul-
tiple infectious complications during a period
of neutropenia, especially when the length of
neutropenia exceeds 10 days. These ‘high-risk’
patients deserve scrupulous attention and care-
ful management, as has been reviewed in
Chapters 1, 6 and 7.

Changes in the therapeutic armamentarium
and impact on supportive care

In addition to changes in the patients at risk
and the organisms responsible for infection, one
of the most remarkable changes during the last
three decades has been in the antimicrobial
agents available for supportive management.
Although the limited spectrum of antibiotic
coverage mandated that combination therapy
be administered during the 1960s and 1970s,
this began changing in the 1980s with the avail-
ability of third-generation cephalosporins, and
then subsequently, the carbapenems and fluo-
roquinolones. As discussed in Chapters 5 and 9,
these newer agents have permitted new
approaches to empiric antibiotic management,
including monotherapy and, in ‘low-risk’
patients, the prospect of oral regimens and out-
patient management.

Of course, advances in antibiotic therapy
have been coupled with the emergence of resis-
tant microorganisms, making antibiotic utiliza-
tion an area that requires considerable scrutiny
and regulation. Inappropriate or unnecessary
antibiotic use, especially with drugs such as
vancomycin, aminoglycosides, and fluoro-
quinolones, has been associated with the emer-
gence of drug resistance in a number of centers
around the world. This has further underscored
that empiric therapy is not an excuse for unreg-
ulated or indiscriminate drug regimens.
Moreover, the routine use of antibiotics that are
important parts of the therapeutic armamentar-
ium (e.g. fluoroquinolones) should not be
employed as prophylaxis.
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In addition to advances in antibiotics,
progress has also been made in newer antiviral
and antifungal agents, driven in part because of
the role that some of these organisms play in
patients with AIDS. Although there has been
progress, there is still much work to be done in
this area, since there remain serious limitations
in the antiviral and antifungal therapeutic
armamentarium.

Over the past two decades, attention has also
turned to the use of biologicals as either thera-
peutic adjuncts or as a means to bolster or
restore the altered host defenses in cancer
patients. The initial forays into this area of
research addressed the role of leukocyte trans-
fusions, passive and active immunization, and
the use of interferons. Although some of these
approaches were grounded in logic, technical
limitations most often precluded their success.

Beginning in the late 1980s and extending to
the present, considerable attention has been
given to the hematopoietic cytokines (granulo-
cyte and granulocyte–macrophage colony-
stimulating factors: G-CSF and GM-CSF) to
shorten the duration of neutropenia in cancer
patients. As discussed in Chapter 13, a truly
evidence-based evaluation of these cytokines
limits their utilization to relatively specific clini-
cal indications, focusing particularly on higher
risk patients.

In summary, it is increasingly clear that the
supportive management of fever in neutropenic
patient is closely linked to their risk status.
Low-risk patients with short durations of neu-
tropenia (i.e. <10 days) can be treated with sim-
pler antimicrobial therapies, either parenterally
or orally, and with relatively little need for
additional antimicrobial additions or modifica-
tions of the initial regimen. There is little need
for hematopoietic cytokines in these low-risk
patients. Moreover, therapy for many of these
patients can be done in an ambulatory setting,
potentially at home.

In contrast, high-risk patients, categorized by
prolonged durations of neutropenia (>10 days),
require inpatient management, are at risk for
multiple secondary infections that require addi-

tions or modifications of their initial regimen,
and may benefit biological response modifiers
that improve immune or hematologic recovery.

Changes in clinical trial design and related
expectations

Improving the management of fever and infec-
tion in neutropenic cancer patients is closely
dependent on evidence-based data emerging
from appropriately conducted clinical studies.
Because of the progress that has been made in
reducing infection-related mortality, and since
a clinical or microbiological cause of the initial
fever is frequently lacking, the conduct of clini-
cal trials is methodologically challenging. To
optimize the design and analysis of clinical
trials in febrile neutropenic cancer patients, a
number of international societies including the
International Immunocompromised Host
Society (ICHS), the Infectious Disease Society of
America (IDSA), and the Multinational
Association for Supportive Care in Cancer
(MASCC) have attempted to establish guide-
lines that optimize clinical trial design and the
ability to compare the results of studies done in
different settings and patient populations. The
issues and governing concerns have also been
covered in Chapters 2 and 14.

CURRENT PROBLEMS AND CHALLENGES
FOR THE FUTURE

The past three decades have witnessed major
progress in the supportive management of
cancer patients who develop fever and neu-
tropenia. Morbidity and mortality have been
dramatically reduced, and therapies are simpler
and less toxic and more appropriately delin-
eated according the patient’s risk status, dis-
ease, age, and clinical setting. Despite this
progress, however, numerous challenges and
opportunities remain to be addressed and prob-
lems solved.

Almost certainly as a result of the early initi-
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ation of empiric therapy when neutropenic
patients become febrile, the ability to diagnose
whether a patient is truly infected, and, if so, at
what site and with what organism(s), remains a
major challenge. Improved rapid non-culture-
dependent diagnostic tests from accessible
body sites or fluids are needed. These assays
need to address bacteria, viruses, fungi, and
selected parasites. Clearly, these measures need
to be available to children as well as adults. In
addition, improved imaging studies that could
help to localize occult sites of infection would
be a significant advance.

Improved risk stratification of patients is also
important. This can be based on improved clini-
cal measures of risk, but should also address
the biological factors within the host that con-
tribute to the risk of infection or their specific
expressions. For example, genetic predisposi-
tion to colonization or infection could address
both the host and the pathogen.

Refined assessment of host defense factors
are also important in determining which
patients are at risk for specific infections. This
could include rapid determination of innate or
acquired host immune factors that modulate
the risk for infection during neutropenia.
Pharmacogenetic assessment may also help

determine which patients are more susceptible
to toxic effects from anticancer therapies.

Development of new antimicrobial agents
that overcome resistance or that provide more
effective therapy, especially for viruses and
fungi, is also critically needed. With improved
antibacterial agents, opportunistic fungi and a
number of herpesviruses and respiratory
viruses have emerged as major pathogens.
Clearly, an expanded and enhanced therapeutic
armamentarium is important. Improving host
defenses with cellular or humoral biological
therapies is another goal.

Although treating or preventing infections
with antimicrobial agents and/or biologicals is
important when patients receive cytotoxic
immunosuppressive therapies, the greatest
impact will come with more selective and spe-
cific anticancer therapies that do not damage
the host defense matrix. While this was a dream
just years ago, the rapid progress in elucidating
the molecular pathogenesis of cancer is leading
to the development of new agents that impact
cancer cells without resulting in side-effects
such as neutropenia. When such therapies
become available, the problems and challenges
associated with fever and neutropenia may well
be overcome.
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