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Preface

This book should capture the interest of a large audience engaged in or dependent on laboratory
hematology, including medical technologists, medical students, hematologists, and hematopa-
thologists. It should be helpful to those preparing for boards related to hematology. In addition,
it offers a source of rapid review for individuals who have been working outside hematology
for a while and who wish to return to the field with up-to-date knowledge. Furthermore, the
book provides an expeditious source of cross-training that will be especially valuable to medi-
cal technologists who are required to be competent in various areas of the laboratory.

This book was written by authors who apply every day what they write about in their
chapters. Theory is fine and needs to be understood, but learning and knowing how to apply
the information to the patient’s situation is one of the major goals of this text. This goal is
achieved through direct discussion of the issues and theory and application of the information
by using case histories. The approach is not to solve all the reader’s problems, but rather to
show how to gather information about a problem and how to deal with it. Individual variations
in approaches are expected, since everyone will have different experiences and new methods
and technologies become available every day. What this book is designed to achieve is to help
the reader develop a method to look at a problem and to think about diagnosing and fixing
what can be fixed.

We have stressed certain basic approaches or themes throughout the book that should
appeal to a wide segment of the medical community. These include the simplicity of style,
ease of readability, current information, ready application of the information to a working
laboratory, and other practical applications. To further emphasize applications some case stud-
ies are offered at the end of each chapter to allow the reader to become involved in the
pragmatic use of the new knowledge acquired.

This book reflects the varied backgrounds of the editors. Dr. Schumacher began his career
in clinical hematology/oncology with a special interest in leukemias and ultimately migrated
to laboratory hematology. Dr. Rock began his career in morphologic atherosclerosis and found
a home as a clinical pathologist and developing practical experience and knowledge in the
field of applied coagulation. Dr. Stass began his career in bone marrow pathology and. the
study of hematology and malignancies and eventually emerged as a cancer center director. As
editors, we selected a group of authors who are experts in their fields. The editors thank them
for a job well done.

The editors have directed their efforts toward the diagnosis and management of hematolog-
ical problems, utilizing practical, current, and relevant laboratory investigative procedures.
However, we have also emphasized pertinent clinical information in those areas where such
knowledge is a necessary adjunct to diagnosis.
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The book further directs medical technologists, hematopathologists, and hematologists on
how to utilize blood, plasma, serum, instrumentation, bone marrow, lymph nodes, and splenic
tissue to establish a diagnosis.

Finally, the book emphasizes practical technical information to aid in the operation of an
efficient hematology laboratory involved in hematological procedures. The editors anticipate
the reader will enjoy a book directed toward a practical and useful source of laboratory hemato-
logical information.

Harold R. Schumacher
William A. Rock, Jr.
Sanford A. Stass
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Peripheral Blood and Bone Marrow

Fermina Maria Mazzella
The Guthrie Clinic, Sayre, Pennsylvania

Gerardo Perrotta
University of Cincinnati Medical Center, Cincinnati, Ohio

. PERIPHERAL BLOOD

A properly prepared and stained peripheral blood smear remains an essential component in the
practice of laboratory hematology. Although many automated hematology instruments have
lessened the need for peripheral blood smear (PBS) review, none has been able to totally
replace human evaluation. The slide, then, augments the quantitative analysis of sophisticated
instruments with the qualitative assessment made by the pathologist and/or technologist in

cases requiring interpretive and diagnostic findings not currently detected by automated instru-
ments.

A. Preparation of Smear

There are two common methods for preparation of peripheral blood films:

1. Preparation on glass slides (push or spinner)
2. Preparation on coverslips

The glass slide method is shown in Fig. 1. Blood from a fingerstick is preferable, although
ethylenediaminetetraacetic acid (EDTA)-anticoagulated blood is used more frequently. Glass
slides have the advantages of

1. Ease of handling and labeling
2. Ease of smear production and staining
3. Lack of fragility—easy to store and transport

The major disadvantage of a glass slide is the irregular distribution of cells, which may cause
difficulty in evaluating platelets and leukocytes. Slides made from a fingerstick may invalidate
platelet estimates, in that their distribution is characteristically clumped or clustered.

The coverslip technique is more difficult to master. A small drop of either EDTA-anticoag-
ulated blood or blood from a fingerstick is placed in the center of a coverslip. A second

1
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Figure 1 Glass slide method for preparation of peripheral blood smear: A, slide with small drop of
blood; B, spreader slide is pulled back over drop of blood; C, spreader slide is advanced in smooth
motion; D, completed slide. (From Schumacher et al., 1984.)

coverslip is placed over the one containing the drop. The blood spreads between the coverslip
by capillary action. Then the two coverslips are separated with a steady, firm, quick, gentle
pulling motion in appropriate directions (Fig. 2). The major advantage to this method is the
uniform distribution of platelets and leukocytes over the entire coverslip. The disadvantages,
as mentioned previously, are mainly in the handling and labeling.

Automated slide-smearing processors have been developed for producing uniform smears.
These instruments usually spread cells either by mechanical means or by centrifugation. Smears
prepared manually by an experienced technologist are preferred over those made by a mechani-
cal slide maker. The centrifugation method has the obvious disadvantage of being time con-
suming for preparation of routine slides.

Under special circumstances when body fluids other than blood are being examined, a
cytocentrifuge is necessary to concentrate the small numbers of cells to be identified. A mono-
layer of cells is concentrated on a small circular area of a glass slide.

In general, an acceptable blood smear will cover one-half to two-thirds of the glass slide,
with the feathered end producing a rainbowlike effect when held to the light.

B. Staining of Smear

Blood smears are usually stained with either Wright’s or May-Grunwald-Giemsa stains, which
are modifications of the original Romanowsky techniques. These are polychrome stains, formu-
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Figure 2 Coverslip method for preparing peripheral blood smears. Coverslips are pulled in directions
of arrows. (From Schumacher et al., 1984.)

lated from methylene blue and eosin, which color the cell constituents at the appropriate pH
of 6.4-6.8. Wright’s stain uses sodium bicarbonate to convert methylene blue to the active
forms (methylene azures). Giemsa stains add acid biochromate-converted azure compounds.
Most Romanowsky stains are of no value when water is present in the alcohol, since neutral
dyes are precipitated from the solution. Acetone in the alcohol creates a similar problem. The
active forms of methylene blue are basic dyes which impart a violet-blue color to nucleic
acids and nucleoproteins. Eosin is an acidic compound which stains pink-orange-red the basic
components of the cell, such as hemoglobin and eosinophilic granules.

Although manual staining procedures are no longer used in most automated laboratories,
understanding of ideal staining conditions for manual methods enhances an appreciation of
evolving automated staining instruments. The slides or coverslip preparations may be fixed
with anhydrous methyl alcohol or air dried. For Wright’s stain, the material on the glass surface
is covered with dye for 2-3 min. Then an equal volume of phosphate buffer is added and
mixed by blowing on the surface or drawing the mixture up and down gently in an eyedropper.
A greenish metallic sheen should appear on the surface of the stains, indicating optimal pH.
The buffer—stain mixture is incubated for approximately 3 min, but this time varies from batch
to batch of reagents. The smear is washed by adding drops of distilled water to the horizontal
slide or coverslip. This process allows the precipitated stain to float off the surface. The slide
is then washed vigorously, air dried, and mounted. Macroscopically, a good stain appears
salmon-pink. The nuclei of leukocytes appear purplish blue; erythrocytes stain pink. Eosino-
philic granules should be orange-red. There should be no background stain or debris in the
area between the cells.

Excessive blueness of the smear may be related to one of these factors:

1. Thick smear (due to high white blood cell count, protein abnormality, etc.)
2. Prolonged staining
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3. Insufficient washing with buffer
4. Excessive alkalinity of stain, buffer, or water (pH >6.8)

Such blueness may be improved by decreasing the staining time or increasing the washing
time. Alternatively, less stain and more diluent may be used. If these alterations do not correct
the problem, the buffer may be too alkaline. A new mixture of buffer should be prepared.

If the whole stain is too red, the coloration is usually due to

Excessive acidity of the buffer, or water (pH <6.4)
Short staining time

Excessive washing

Very thin smears

el S

To correct excessive acidity, it is usually necessary to use a fresh batch of stain and/or buffer.
Also, substituting alkaline tap water for distilled water in washing may be beneficial.

If nuclei, eosinophilic granules, and erythrocytes are pale, the washing time should be
decreased and the staining time should be increased.

Serum or precipitated stain between the cells is related to

Faulty washing
Unclean coverslip
Dust on the smear
Talc from gloves

el

These problems can be eliminated by holding the slide horizontally during washing, using
clean coverslips, and keeping smears clean during preparation and staining.

A number of commercially prepared stains are available. Most utilize a modified Wright-
Giemsa technique requiring much less time than the procedure described above. Some stains
are “quick” stains and can impart colors within 10 sec. In general, the results from these stains
are acceptable. Care must be exercised in keeping the stain and rinse solution clean.

The previously described techniques outline a manual method for staining slides and cov-
erslips with Wright stain. Modern, high-volume laboratories utilize automated slide stainers,
which can handle a large volume of slides. Some stainers convey separate slides face down
over a precision-formed flat area, where exact amounts of stain, buffer, and rinse are applied.
The solutions are delivered into a capillary space between the slide and the flat surface of the
instrument. After the first slide, this type of instrument can stain one slide per minute. Other
automated stainers use the dip method of staining and can handle up to 50 slides at one time.
These can be stained and dried in about 10 min.

Whatever method is used, the resulting stained slide appears pinkish-gray to the naked
eye. If not, they can be rinsed with methanol and restained, even after a long period of time
has elapsed.

After staining, the smear should be examined first under a low-power lens to determine
overall distribution of the cells. If this distribution is satisfactory, an ideal area is then selected
for evaluation (Fig. 3). A systematic approach should be used to evaluate every peripheral
smear. The order in which the elements are examined is inconsequential, provided that all
cellular constituents are included. Leukocytes are evaluated as to number, differential count,
and morphologic abnormalities. Platelets are evaluated as to number and abnormal morphol-
ogy. Erythrocytes are evaluated as to size, shape, color, and inclusions.
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Figure 3 Peripheral blood smear: A, thick area with clumped RBCs and rouleaux; B, ideal area with
RBCs just touching; C, feather edge with cobblestone appearance. (From Schumacher et al., 1984.)

C. Morphology of Erythrocytes

The qualitative assessment must correlate with quantitative factors [red blood cell (RBC) count,
hemoglobin (Hb), hematocrit (Hct), mean corpuscular volume (MCYV), red cell distribution
width (RDW)] and must explain flags generated by the automated cell-counting instruments.

It is very important to evaluate the size of RBCs on the peripheral smear, since size may
be the first clue to the cause of an anemia. The erythrocytes are macrocytic (large), normocytic
(normal), or microcytic (small) when compared to the nucleus of the mature lymphocyte.
Variation in size (anisocytosis) is estimated and recorded on a 0 to 4-plus scale or simply as
present or increased.

The presence of abnormally shaped cells such as teardrops, sickle cells, spur cells (long
irregular points), schistocytes (RBC fragments), and ovalocytes must be noted, since these cells
have diagnostic significance (Fig. 4). The degree of variation in shape (poikilocytosis) should
be evaluated and recorded on a 0 to 4-plus scale or as present or increased.

The intensity of color in erythrocytes is extremely important, since it can be used to
estimate the mean corpuscular hemoglobin concentration fairly accurately. Variation in color
(anisochromia) between erythrocytes may be associated with transfused blood or sideroblastic
anemia. Hypochromia, when present, should be scored 1 to 4-plus or present or increased.

Inclusions such as basophilic stippling (small, diffuse particles, composed of RNA), How-
ell-Jolly bodies (larger spherical particles, usually single, composed of DNA), precipitated
hemoglobin (HbC), and nucleated and parasitized RBCs are noted (Fig. 5). The number of
nucleated RBCs is usually expressed per 100 leukocytes in the differential count.

D. Platelets (Thrombocytes)

The qualitative assessment must correlate with quantitative factors [platelet count, mean plate-
let volume (MPV), and platelet distribution width (PDW)] and must explain flags generated
by the automated cell-counting systems.

The platelet count is estimated roughly by evaluating 10 oil-immersion fields, calculating



6 Mazzella and Perrotta

1984.)

Figure 5 Peripheral blood smear showing malaria inclusions (trophozoites, schizonts, and Schiiffner’s
dots). (From Schumacher et al., 1984.)
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an average number of platelets per field, and multiplying by 15,000. The platelets should be
evenly distributed on the slide when making such an evaluation. Platelets cluster on slides
prepared from fingersticks and render estimates difficult. No report should go out as “no plate-
lets seen” until the entire slide has been reviewed. The size and morphology of platelets may
vary in disease. Usually, platelets have a central granular area, granulomere, surrounded by a
hyalomere and measure 1-3 pum in diameter. In disease they may become extremely large and
bizarre, as in myeloproliferative disorders. In some disorders the platelets may be quite small,
as in iron deficiency. All morphologic variants should be included in the report.

E. Leukocytes

The qualitative assessment must correlate with quantitative factors (WBC, relative and absolute
counts) and must resolve flags generated by the automated cell-counting system.

The leukocytes are evaluated as to number, type, and morphology. An estimate of the
white blood count is made by observing the number of leukocytes per high-power field. Leuko-
cytes are usually classified by an oil-immersion lens (50X or 100x). One hundred sequential
cells are counted (differential count), and a percentage is determined for each population of
cells. The absolute numbers of a particulate cell type are calculated by multiplying the total
leukocyte count by the percentage obtained in the differential count. It is as important to note
if certain types of cells are excessive (small lymphocytes, monocytes, granulocytes) or absent
(granulocytes) as it is to look for immature white cell elements. All of these morphologic
abnormalities have diagnostic significance: toxic granulation (large basophilic granules), bi-
lobed neutrophils, multisegmented neutrophils (over five lobes), Dohle bodies (light blue bod-
ies of endoplasmic reticulum in the cytoplasm, Fig. 6), and degeneration and vacuolization of
the nucleus and cytoplasm. All such findings should be evaluated in light of the clinical picture
and other laboratory parameters.

Figure 6 Neutrophil with toxic granulation and Déhle body (arrow). (From Schumacher et al., 1984.)
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Figure 7 Method for scanning a peripheral blood smear for a leukocyte differential count and RBC
and platelet morphology. (From Schumacher et al., 1984.)

F. Differential Count

The manual differential count is performed under oil immersion with a mechanical stage.
Usually 100 cells are counted, but some laboratories count 200 cells. The count is made in a
well-spread area of the slide (Fig. 3). The area should be about 1-2 cm back from the tip of
the feathered portion of the slide. A common method for counting is to move across the slide,
perpendicular to the smear (Fig. 7).

Normal values for adults are shown in Table 1. At birth, the neutrophil-lymphocyte ratio
is similar to that of the adult. The ratio shows lymphocyte predominance from shortly thereafter
until 4 years of age, when the two cellular elements are equal. The ratio then rises to adult
levels by 6 years, where it remains.

The leukocytes observed in a normal differential are shown in Fig. 8. They are as follows.

1. The segmented neutrophil has a nucleus separated into definite lobes only by narrow
filaments. The cytoplasm is light pink and small, with evenly distributed light pink to
bluish-purple granules scattered throughout the cytoplasm.

2. The neutrophilic band often contains a C-shaped nucleus which is characteristically
nonfilamented, degenerative, and pyknotic at areas of future lobe formation. The cyto-
plasmic granules are similar to those of the neutrophil.

3. The eosinophil is about the size of a neutrophil and usually has a bandlike or two-lobed
nucleus. The cytoplasmic granules are spherical, uniform in size, and usually evenly
distributed throughout the cell. They stain bright reddish-orange with brownish tints.

Table 1 Normal Values for Differential White
Count in Adults

Absolute
Cell Percent (x10° cum)
Neutrophils 40-80 1.5-8.0

Bands :

Lymphocytes 15-45 1.0-4.8
Monocytes 0-12 0-1.0
Eosinophils 0-10 0-0.7
Basophils 04 1-0.2

“Included in the neutrophil percentage.
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Figure 8 Cells observed in normal peripheral blood smear: A, erythrocytes; B, large lymphocyte with
azurophilic granules and deeply indented by adjacent erythrocytes; C, segmented neutrophil; D, eosinophil;
E, segmented neutrophil; F, monocyte with ground glass cytoplasm, coarse linear chromatin, and blunt
pseudopods; G, thrombocytes; H, lymphocyte; I, band neutrophil; J, basophil. (From Schumacher et al.,
1984.)

4. The basophil has a round, indented band or tabulated nucleus. The cytoplasm contains dark

5.

granules that are usually visible above, below, and lateral to the relatively light nucleus.
The monocyte is larger than the neutrophil and varies in shape from round to oval. The
nucleus is usually round, centriform, or kidney shaped, but may be deeply indented or
have two or more lobes separated by narrow filaments. The cytoplasm of monocytes
is dull gray-blue, and the cytoplasmic granules are usually fine, stained lightly bluish-
gray, numerous, and evenly distributed.

The lymphocytes in the peripheral blood vary in size from small (7-10 wm) through
intermediate, to large, which are comparable in size to the granulocytes and mono-
cytes. The nucleus of the lymphocyte is usually round, but may be slightly indented.
The cytoplasm stains light to dark blue. Although most lymphocytes do not have true
granules, a few unevenly distributed, well-defined granules (lysosomes) may be noted.
These lysosomes are called azurophilic granules because they stained sky blue with
the original azure stains. However, with the current polychrome stains, the granules
are predominantly red.

Automated white cell differential counts are performed by pattern recognition or flow-
through cytochemical instruments. Pattern recognition uses image processing techniques and
evaluates numerous morphologic measurements. Some instruments employ high-resolution
color video scanning systems, which allow additional color analysis of the slide.
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Early digital image processors analyzed blood smears placed on an automated microscope
stage. Automatic scanning began in a region of the smear where morphology was of good
quality. With some instruments, 100-1000 cells could be counted. Automatic focusing made
the necessary adjustments while the instrument scanned the slide. Cells not recognized by the
instruments were flagged for review by the technologist. All data, including red cell morphol-
ogy, platelet estimate, and differential count, were presented on a summary data printout. The
printout was used by the technologist to review data prior to printing on the patient’s ticket.
All data was checked prior to transmission to the central laboratory computer.

Today, a fully automated “walk away” image analyzer has reentered the automated PBS
arena. The MicroSystem 21 uses a neural network technology to scan a PBS and store all cells
seen (Fig. 9). Cells that do not meet criteria are reviewed on-screen by a technologist. Unlike
some predecessors, this new image analyzer now can also store several fields for RBC mor-
phology, which can facilitate the technologist’s complete review of a PBS.

The pattern recognition process has the advantages of

1. Ability to screen large numbers of slides
2. Accuracy and precision for routine smears
3. Lack of error secondary to technologist fatigue

Its disadvantages are

1. Need for precise wedge or spun smears
2. Reduced efficiency when many abnormal smears are introduced into the system

Figure 9 MicroSystem 21, showing a WBC differential screen. Cells are classified by computer and
can be edited by a technologist. (From Intelligent Medical Imaging, with permission.)
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Bayer : peroxidase and basophil channels Abbott: MAPPS, low and high angle;

polarized and depolarized light.

Coulter: VCS; impedance , conductivity, Sysmex: Direct current and radiofrequency

scatter

Roche: impedance and light absorption

Figure 10 Automated leukocyte classification cytogram schema.

3. High cost, requiring a high-volume laboratory to make such an instrument cost effec-
tive
4. May require use of proprietary stain

The flow-through cytochemical instruments produce leukocyte differentials based on cyto-
chemistry, light scatter, and conductivity (Fig. 10). Bayer H1,H2 systems (formerly Technicon)
use myeloperoxidase (MPO) and basophil/lobularity (nuclear) analysis to enumerate and clas-
sify WBCs. Abbott Cell Dyn produces differentials by multiangle light scatter and a 90°-
depolarized scatter to separate eosinophils. This technology is known as multiangle polarized
scatter separation (MAPSS). Coulter uses volume, conductivity, and scatter (VCS) technology
to differentiate WBC populations. Sysmex systems differentiate WBCs by using direct current
(DC) and radiofrequency (RF). The Roche Cobas Argos 5 Diff uses impedance and light
absorption.

The flow-through cytochemical instrument has the advantages of

Increased precision, especially on leukopenic samples
Utilization of EDTA-anticoagulated blood

Ability to process large numbers of samples

Ability to count large numbers of cells in a short time period
Provides graphic representation of cell population

Al

Its disadvantages are

1. Lack of recall of abnormal cells
2. Constant replacement of stain packs
3. Expense

These instruments are evolving into sophisticated analyzers combining the best flow cy-
tometry with expanded capabilities in precision and reproducibility, especially in the area of
blast identification.

All automated white cell differential counting instruments generate a large amount of data
which may be unnecessary. However, in large-volume laboratories, such instruments provide
the necessary screening for good patient care.
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II. BONE MARROW
A. Introduction

Examination of the bone marrow by needle aspiration had been available since 1929, but it
was of limited value in assessing cellularity, topography, and focal disease. Bone marrow
biopsy was originally attempted by open surgery, in the form of a wedge biopsy. The technique
of needle biopsy of the bone marrow was first described in the late 1950s using Vim-Silverman
needles, commonly used for liver biopsies. Subsequent modifications by Jamshidi, Islam, and
others improved the quality of the sample obtained. Currently, the J-type needle, a modification
of Jamshidi’s design, is most commonly used to obtain all the material needed for an accurate
evaluation of the bone marrow.

The manner in which bone marrow is obtained and processed is critical to the evaluation
of the specimen. A major emphasis in bone marrow pathology is the study of cytologic detail.
This can be accomplished only with optimal histopathologic processing of the specimen. Im-
proper handling may lead to serious difficulties in interpretation and, possibly, erroneous con-
clusions.

Erroneous conclusions may also be reached by “fuzzy logic.” A bone marrow evaluation
and interpretation, even in the best of all possible worlds, is meaningless without clinical
correlation. All biopsy conclusions must always be drawn in association with a complete his-
tory and physical examination. Many findings have drastically different interpretations in dif-
ferent clinical settings. For example, blasts in the peripheral blood may be seen in a patient
with acute leukemia, but may also be identified in a patient on G-CSF therapy. An absolute
lymphocytosis, composed of small lymphocytes, is typical of chronic lymphocytic leukemia
(CLL), but is also characteristic of an acute pertussis infection.

B. Indications

Indications for bone marrow examination are many and varied, but in practically all situations
they are related to an abnormality in the peripheral blood that cannot be accounted for by any
preexisting medical condition. These abnormalities include anemia, thrombocytosis, leukocyto-
sis, cytopenia, peripheral dysplasia, and abnormal cells found within the peripheral blood.
The finding of a monoclonal spike on serum or urine protein electrophoresis, with or without
radiographic lytic lesions of bone, may indicate a bone marrow evaluation for workup of
multiple myeloma. Bone marrow aspiration and biopsy may also be useful in the investigation
of storage diseases, such as Gaucher’s disease and Niemann-Pick disease, and in the identifica-
tion of malarial parasites, when the organisms are not identified in the peripheral blood.

Staging of patients with extramedullary disease processes is a further indication for bone
marrow examination. Neoplasias necessitating staging bone marrow biopsy include lympho-
mas, particularly Hodgkin’s disease, and carcinomas. Special mention must be made at this
point of small cell carcinoma of the lung, as this particular tumor tends to disseminate early
in its course, with a high propensity for bone marrow. At the time of diagnosis, approximately
70% of patients with small cell carcinoma have evidence of metastatic disease. In these cases,
marrow evaluation in addition to bone scan has been found to be far superior to either tech-
nique alone, as bone scan evaluates cortical bone and bone marrow biopsy samples the medul-
lary cavity.

Certain disease processes, although traditionally subject to marrow examination, are no
longer considered indications for bone marrow biopsy. These include adult-onset idiopathic
thrombocytopenia purpura (ITP), iron deficiency anemia, B, and/or folate deficiency, polycy-
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themia vera, and infectious mononucleosis. It is believed that these diagnoses can be made on
clinical grounds, with appropriate confirmatory laboratory studies.

Actual contraindications to bone marrow aspiration and biopsy are practically nonexistent.
The only causes of mortality reported from bone marrow needle aspiration and biopsy are due
to puncture of cardiac or vascular structures during a sternal approach. In neutropenic patients,
serious infection may occur at the biopsy site, although rarely. The formation of a localized
hematoma is also rare, even in thrombocytopenic patients, provided sustained pressure is ap-
plied after the procedure.

C. Procedure

As for any other consulting specialist, the first step in the performance of bone marrow aspira-
tion and biopsy is contact with the primary care physician. An open working relationship with
the clinician is vital, as a set of glass slides is not to be considered an inanimate “case,” but a
patient waiting for potential treatment. Once a differential diagnosis has begun to take shape,
a full chart review is indispensable. Particular attention should be given to the patient’s medical
history, any related conditions, medications, pertinent surgical and/or cytologic specimens, and
previous bone marrow biopsies with any available cytogenetic analyses. Finally, a recent com-
plete blood count (CBC) should be reviewed.

Preparation for any ancillary studies should be made in advance of the actual biopsy
procedure. Depending on the differential diagnosis, the patient may need any, or all, of the
ancillary studies outlined at the end of this chapter. The appropriate departments should be
contacted, in order to assure that they are aware a specimen is in transit, and also to find out
how much aspirated marrow is needed and how it is to be handled.

The most widely used instrument available for obtaining bone marrow biopsies, the J-type
needle, is patterned on the 1971 design by Jamshidi and Swaim (Fig. 11). These needles are
available in a variety of adult and pediatric sizes, and yield high-quality specimens with a wide
margin of safety. Used correctly, biopsy should involve only minor discomfort to the patient.

In general, bone marrow aspirate alone is taken from infants and children, as well as the
sternal site in adults. Bone marrow aspirate combined with biopsy is recommended for the
remainder of the population. The site chosen also depends on the age of the patient (Fig. 12).
In children less than 1 year of age, the anteromedial surface of the tibia is the preferred
location. On occasion, in older children and adults, the sternum, anterior iliac crest, or spinous
processes of the L1 or L2 vertebrae may be required. However, the great majority of marrow
aspirates and biopsies are obtained from the posterior superior iliac crest. This site provides a
large surface area for placement of the needle. The posterior superior iliac crest is remote from
vital organs, thereby minimizing the potential for complications.

Once the site has been selected, sterile technique must be observed. The skin over the
puncture site is shaved if necessary, and cleansed with a disinfectant solution. Then the skin,
subcutaneous tissue, and periosteum are infiltrated with a local anesthetic, such as 1% lido-
caine. The patient may experience a burning sensation or discomfort during infiltration. After
about 5 min, when the anesthetic has taken effect, the actual procedure may commence.

Although the general practice has been the reverse, current literature recommends that the
core biopsy always be obtained before marrow aspiration. Aspirating marrow with the biopsy
needle and then advancing the needle for biopsy may result in hemorrhage into the area of the
biopsy site, “aspiration artifact,” leading to difficulties in interpretation and possibly erroneous
conclusions.

The bone marrow needle is inserted through the skin, subcutaneous tissue, and bony cor-
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Figure 11 J-type bone marrow biopsy needle with stylet: left, biopsy needle with inserted obturator;
right, biopsy. needle with obturator removed. Left to right: stylet, obturator, needle.

tex. Penetration of the cortex can be sensed by a sudden ease in advancing the needle. The
obturator of the needle is removed, and the needle is advanced. By gently replacing the obtura-
tor, an estimate of the biopsy size may be made. Review of published findings suggests that
the minimum adequate length of the biopsy material is in the range of 1.5-2 cm before tissue
processing. The needle is rocked to and fro, and then pulled back slightly, to be reinserted at
a slightly different angle, in order to detach the biopsy from the underlying bone. As the needle
is tapered at the distal end, the biopsy is removed by inserting the stylet into the distal end and
allowing the biopsy to exit from the hub.

Before placing the biopsy into fixative, up to 10 touch imprint preparations should be
made for routine Wright-Giemsa staining and possible other procedures, such as cytochemical
studies. Less damage to the biopsy specimen will result if the imprints are made by gently
touching a glass slide to the specimen rather than by squeezing the specimen with a forceps
and touching it to a slide. The touch preparations are allowed to air dry.

After obtaining the core biopsy, aspiration is performed by inserting the same or a smaller
needle through the same skin incision used for the biopsy, but placed on the periosteal surface
at a distance of approximately 1.0 cm from the biopsy site. Once the needle is within the
marrow cavity, the obturator is removed and a 10-mL syringe is attached to the hub. Approxi-
mately 1.0 mL of fluid should be aspirated for morphologic studies. Increasingly larger quanti-
ties of aspirated material obtained contain logarithmically larger amounts of peripheral blood.
If more material is required, the needle should be repositioned. Smears should be made at the
bedside, using freshly obtained marrow (see “Preparation of Material”). These smears result in
better preservation of cellular detail than when the specimen is placed into anticoagulant. Addi-
tional material for ancillary studies should be placed into the appropriate transport medium.
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Figure 12 Schematic diagram of bone marrow biopsy sites indicated by needle tips and stars. (From
Ref. 23.) Reproduced by permission of Alan Liss, Inc.

In cases of staging bone marrow biopsies, where staging is central to the clinical assess-
ment of the condition and therapeutic decision making depends on whether or not the bone
marrow is involved, it is highly recommended that bilateral biopsies be performed. Recent
studies have shown that the performance of bilateral biopsies increased the yield of positive
bone marrows by 26%.

Occasionally, no marrow can be obtained upon aspiration. Some cases may be due to
faulty technique, but extensive marrow fibrosis and/or hypercellularity are also mechanisms
for the inability to withdraw marrow by aspiration. The conditions most commonly associated
with a “dry tap” include leukemias, particularly chronic myelogenous leukemia (CML) and
hairy cell leukemia, metastatic tumors, and myelofibrosis. In these cases, the collection of any
material in the needle following the first aspiration pull should be sent for cytogenetic analysis.
A 2-mm section is cut off the distal end of the biopsy and submitted fresh for collagenase
digestion to obtain cells.

D. Preparation of Material

1. Aspirate

As mentioned in the “Procedure” section, aspirate smears should be made at the bedside. The
aspirate is placed into a petri dish. Spicules are selected and placed onto each of eight or nine
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slides. A clean glass slide, deemed the “spreader slide,” is placed flat over the spicules. The
smears are made by using a “push—pull” technique, whereby the spreader slide is pushed and
then pulled over the spicules. The smears are allowed to air dry. One to three smears are
subsequently stained with Wright-Giemsa, according to standard procedure.

2. Clot

After the aspirate smears are prepared, and after material is taken for ancillary studies, the
remaining material is allowed to clot within the syringe. The clot is placed into filter paper,
and then into fixative for standard histopathologic processing and hematoxylin-eosin staining.
Routinely, three levels are cut for case review.

3. Touch Preparations

As mentioned in the “Procedure” section, touch imprints should be made at the bedside, before
the bone marrow biopsy is placed into fixative. One to three of these slides may be subjected
to Wright-Giemsa staining, according to standard procedure.

4. Biopsy

Once the touch imprints are made, the bone marrow biopsy may be placed into a fixative
solution, such as formalin or, preferably, BS, for a minimum of 3 hr. It is then subjected to
decalcification in 7% nitric acid for 1-2 hr and then submitted for standard histopathologic

tissue processing, followed by hematoxylin-eosin staining. Routinely, three levels are cut for
case review.

5. “Dry Tap” Specimen

As mentioned in the “Procedure” section, in the event of a “dry tap,” a 2-mm section is cut
from the biopsy and submitted fresh for digestion with collagenase, as reported by Maung et
al. The liberated cells are resuspended in phosphate-buffered saline (PBS), and are then suitable
for flow cytometry and, after cytocentrifugation, for Wright-Giemsa staining and a wide range
of cytochemical studies.

At the time of sign-out, a routine bone marrow “case” consists of a peripheral blood smear
from the day of the biopsy, one to three Wright-Giemsa-stained bone marrow aspirate smears,
one to three touch imprints, three levels of the bone marrow biopsy and bone marrow clot, a
Prussian blue-stained bone marrow aspirate smear (iron stain), and a periodic acid Schiff
(PAS)-stained bone marrow biopsy and clot section. In special situations, such as immunosup-
pressed or AIDS patients, stains for acid fast bacilli and fungi are performed automatically, as
these patients are often incapable of forming the tell-tale granulomata. Also, silver stain for
reticulin fibers is routinely performed, as in this patient population the reticular network is
invariably increased.

When looking for tumor infiltration, all of the biopsy touch imprints should be stained
and examined. Features that are not readily apparent on the aspirate smear, such as metastatic
nonhematologic tumor, are better seen on biopsy imprints.

E. Review of the Case

1. Ancillary Material

As with anything else, a patient’s medical condition is an ever-evolving, ever-changing phe-
nomenon. It cannot be assessed adequately by review of a bone marrow biopsy. Any attempt
to do so is simply an attempt to reconstruct a series of events by observing a single moment
in time. Therefore, review of the bone marrow “case” must include review of the clinical
situation, as outlined in the “Procedure” section. Recent serum or urine protein electrophoreses,
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immunofixation assay, and blood chemistries, including serum iron and B, levels, red cell
folate levels, as well as liver function tests and a renal profile should also be assessed. If any
ancillary studies were performed on the current bone marrow aspirate material, follow-up as
to any results is also helpful.

2. Peripheral Blood

Review of the peripheral blood begins with evaluation of the data from the automated hemato-
logic cell analyzer. This is followed by, and compared to, examination of the peripheral blood
smear. Each cell series is assessed individually, for morphology, maturation, intracellular inclu-
sions, and any abnormal cells present, as elucidated in the “Peripheral Blood” section.

3. Aspirate Smears/Touch Imprints

Examination of the aspirate smears begins with a gross examination to detect the presence of
marrow spicules. These appear as darkly stained blue to purple irregular areas on the film,
contrasting with the violet or pink background. The presence of spicules is confirmatory of the
fact that bone marrow itself is being evaluated.

The marrow film and touch imprints should first be examined under low-power magnifica-
tion to assess the hematopoietic cells and the number of megakaryocytes, plasma cells, and
mast cells present. Low-power examination will also permit detection of osteoclasts and osteo-
blasts, groups of malignant cells, and Gaucher cells. These cells are larger than normal cells
and are usually found around the periphery of the slide. The entire film should be examined,
including the spicules, and higher magnification should be employed to study any abnormali-
ties discovered.

As the primary purpose of aspirate smear examination is to evaluate the cells cytologically,
once the slide has been screened under low power, a good area is selected for detailed examina-
tion under oil immersion (Fig. 13). Each cell line is evaluated for morphology, maturation,
and dysplastic change. Morphology of the predominant cells observed in the bone marrow is
demonstrated schematically in Fig. 14.

Under certain circumstances, such as a leukemic process, a differential count may be
desirable. This count should be done on a total of 300-500 cells over several well-spread areas
of the slide. Each cell type is recorded as a percentage of the total. Normal values for the cells
present vary in different studies. This variation may be attributed to differences in the morpho-
logic definition of cells, variations in the degree of contamination by peripheral blood, the
inclusion of areas with ruptured cells and stripped nuclei, and inclusion of sick patients with
“normal blood.” Also, the normal cell range changes with different age groups (Table 2).

The myeloid-to-erythroid (M : E) ratio is the relationship of the proportion of granulocytes
to the proportion of erythrocytes. The normal adult range varies from 1.5:1 to 3.5: 1. Infer-
ences concerning this ratio depend on the assumption that the mass of one of these series is
normal. If both systems are judged to be abnormal, no estimate of either system is valid.

4. Biopsy/Clot Section

Marrow sections are particularly valuable for estimating marrow cellularity and detecting my-
elofibrosis, patchy aplasia, and infiltrative diseases, such as granulomata, storage diseases, and
infiltration by a nonhematologic tumor. Marrow necrosis and serous atrophy are more readily
detected in marrow sections than in aspirate films.

A biopsy specimen may have dense cortical bone at its outer end, but for the most part
consists of a meshwork of delicate trabecular bone within which the hemopoietic tissue is
suspended. The distribution of the bony trabecula is determined primarily by mechanical as-
pects of bone function. The trabecular surfaces are covered by a layer of endosteal cells, which
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Figure 13 Photomicrograph of well-spread area within bone marrow aspirate smear (Wright-Giemsa,
original magnification 1000x, oil immersion).

are usually inconspicuous. Occasional osteoblasts and osteoclasts are also a normal finding,
particularly in children.

Support of the hematopoietic precursors is provided by the bone marrow stroma. Arterioles
and venules tend to lie toward the center of intertrabecular spaces. Adipocytes are readily
apparent, and scattered fibroblasts can usually be discerned. Macrophages appear rarely, usu-
ally in association with lymphoid aggregates and erythroid islands.

Marrow cellularity varies with age and is expressed as an estimate of the percentage of
the area occupied by hematopoietic cells to the total available space. The normal cellularity
decreases with age (Fig. 15). The average adult has a marrow cellularity of 30-70% (Fig. 16).
In evaluating cellularity, it must be remembered that marrow spaces directly subjacent to corti-
cal bone are frequently fatty in the elderly and are not representative of the true cellularity.

Once cellularity has been determined, the biopsy and clot sections are then examined for
the presence and distribution of megakaryocytes. Mature megakaryocytes can easily be identi-
fied in tissue sections because of their large size and voluminous cytoplasm. They are normally
scattered singly throughout intertrabecular spaces, except for the immediate paratrabecular
zones, which are occupied by early granulocytes. Mature megakaryocytes do not usually occur
in groups or lie in contact with each other. Typically, one to two megakaryocytes can be seen
on a 40X objective field.

The next step in the evaluation of bone marrow is assessing myeloid and erythroid devel-
opment, both quantitatively and qualitatively. There should be a normal distribution of all cell
types within each of the cell lines, indicating a normal maturational process.

The earliest recognizable granulocytic precursors, the promyelocytes and myelocytes, are
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Figure 14 Schematic diagram of hematopoiesis, with CD antigen expression. (Reproduced by permission of Serotec, Ltd.)
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Table 2 Normal Values for Marrow Differential Cell Count According to Several Authors

Rosse et al. Glaser et al. Osgood and Vaughan and
Infants tibial marrow Subjects aged Seaman Brockmyre
1-20 sternal Adult sternal Adult sternal
0 month 1 month 18 months marrow, marrow, 0.5-10 marrow, Wintrobe
Type of cell (n=357) n=T7 (n=19) 1mL aspirated mlL aspirated 3 mL aspirated Adults
Myeloblast o — —— 1.2 (0-3) 0.4 (0-1) 1.3 (0-3) 2 (0.3-5)
Promyelocyte 0.79+£0.92 0.76 £ 0.65 0.64 = 0.59 1.8 (0-4) 1.4 (0-3) — 5(1-8)
Myelocyte 3.95+293 2.50+1.48 2.49 +1.39 16.5 (8-25) 4.2 (0-12) 8.9 (3-15) —
Neutrophilic 12 (5-19)
Eosinophilic 1.5 (0.5-3)
Basophilic 0.3 (0-0.5)
Metamyelocyte 1937+4.84 11.34%£359 1242+4.15 23 (14-34) 6.5 (3-10) 8.8 (4-15) 22 (13-22)
Band form 28.80+756 14.10+4.63 14.20+5.63 o 24 (17-33) 23.9 (12-34)
Segmented
Neutrophil 7.37+4.64 3.64 297 6.31+£391 12.9 (4.5-29) 15 (5-25) 18.5 (0-32) 20 (7-30)
Eosinophil 2.70+1.27 2.61 £1.40 270 +£2.16 — 2 (04 1.9 (0-6) 2 (0.5-4)
Basophil 0.12£0.20 0.07£0.16 0.10+£0.12 — 0.2 (0-5) 0.2 (0-1) 0.2 (0-0.7)
Lymphocyte 1442+£554 47.05+924 4355+8.56 16 (5-36) 14 (3-25) 16.2 (8-26) 10 (3-17)
Monocyte 0.88 £0.85 1.01£0.89 2.12+1.59 e 2 (0-4) 2.4 (0-6) —_
Plasma cell 0.00 £0.02 0.02 £0.06 0.06 + 0.08 e — 0.3 (0-1.5) 04 (0-2)
Proerythroblast 0.02 £ 0.06 0.10+0.14 0.08+0.13 0.5 (0-1.5) 0.2 (0-1) — 4 (1-8)
Erythroblast 9.5 (2-18) 18 (7-32)
Basophilic 0.24+£0.25 0.34£0.33 0.50 £0.34 1.7 (0-5) 2 (0-4)
Polychromatophilic 13.06 £6.78 6.90 £4.45 6.97 £3.56 18 (5-34) 6 (4-8)
Orthochromatic 0.09+0.73 0.54+1.88 044 £0.49 2.7 (0-8) 3(1-5)
Megakaryocyte 0.06 £0.15 0.05 +£0.09 0.07+0.12 —_ — 1-38/50 low- —
power fields
Transitional cells’ 1.18£1.13 1.95+0.94 1.99 £1.00 —_— —_ R _—
Broken cell 5.79+2.78 5.50+£2.46 5.05+2.15 — 19 (10-30) 7.9 (2-16) —
M/E ratio 4.4:1 4.4:1 4.8:1 2.9:1(1:5:1) 3.6:1 (2:1-8:1) 3.5:1-30:1 3:1-4:1

"Transitional cells are intermediate in size between lymphocytes and blast cells. They have fine chromatin and a small amount of basophilic cytoplasm. They are

morphologically similar to blast cells. (Reprinted by permission of McGraw-Hill.)
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Figure 15 Graphic representation of declining cellularity with increasing age. (From Am I Clin Pathol,
1965; 43(4):326-331. Reproduced by permission of Lippincott-Raven Publishers.)

Figure 16 Photomicrograph of normocellular bone marrow biopsy (hematoxylin-eosin, original magni-
fication 200x%).
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found adjacent to the bony trabecula and the adventitia of blood vessels, with maturation
progressing outward, toward the intertrabecular region. In normal marrow, a few small collec-
tions of immature cells may appear to be abnormally located, as the plane of section may not
include the subjacent endosteal surface or vessel; however, the presence of three or more
aggregates per section of these so-called abnormally localized immature precursors (ALIPs) is
considered pathologic.

Erythrocytes develop in small aggregations which are dispersed throughout the intertrabec-
ular spaces, extending to the first adipocyte. They tend not to encroach on the zones occupied
by the early granulocytes. Erythroid clusters have a radial organization, with pronormoblasts
in the center and progressively more mature forms toward the periphery. Associated with many
erythroid islands is a macrophage, which is usually located centrally and frequently contains
free, stainable iron.

Small lymphocytes are present in low to moderate numbers, scattered throughout the inter-
trabecular spaces. Clusters of a few lymphocytes, deemed a lymphoid aggregate, and larger
collections, termed a lymphoid nodule, are also frequently seen. Lymphoid aggregates increase
in number with age, and are frequently seen in elderly patients. However, cases with more
than three lymphoid aggregates present, or when the aggregates are in a paratrabecular distribu-
tion, are suggestive of a neoplastic rather than a reactive process.

Plasma cells are usually present in small numbers, scattered throughout the intertrabecular
spaces and surrounding small blood vessels.

5. Iron Stain

A Prussian blue iron stain of the bone marrow aspirate provides useful information concerning
a patient’s iron stores. Iron stain of the bone marrow biopsy must be interpreted with caution,
as decalcification may cause a false-negative result. Stainable iron is scored as absent stores,
trace, and scaled from 1+ to 4+ out of a possible score of 4, with 4+ stores recognized macro-
scopically; 2+ out of 4 indicates normal deposition. Normally, iron is accumulated within the
reticuloendothelial system. Rare deposition of ferric iron within erythrocytes, “sideroblasts”
may be seen.

Iron stains should always be evaluated for the presence or absence of ringed sideroblasts.
A ringed sideroblast (type III sideroblast) contains abnormal iron deposition, in the form of
ferric phosphate, within the mitochondria, surrounding the nucleus in a halo fashion. In the
absence of stainable iron, ringed sideroblasts may still be demonstrable by silver stain, as the
silver stain detects the phosphate rather than the iron moiety.

6. Periodic Acid Schiff Stain

Periodic acid Schiff stain of the bone marrow biopsy and clot sections allows better differentia-
tion between the erythrocytic series and the lymphocytes. Cells of erythroid lineage appear as
round darkly staining nuclei with clear cytoplasm. Lymphocytes display darkly staining nuclei
with pink cytoplasm. Megakaryocytes show variation in their staining pattern, with deeper
staining associated with advanced maturation.

7. Other Stains

Reticulin stain highlights the reticular fibers, composed of type III collagen. The degree of
deposition is scaled as absent, trace, or scored from 1+ to 4+ out of 4, with a score of 4+
representing a pericellular distribution. In normal bone marrow, a reticular network is practi-
cally absent.

Trichrome stain is used to determine the amount of type I collagen, that is, fibrosis, that
is present. Frank collagen fibrosis is absent in normal bone marrow, and uncommon in hemato-



Peripheral Blood and Bone Marrow 23

poietic disorders. It does, however, occur frequently in the presence of metastatic tumor and
certain acute leukemias (FAB-M7).

Suspicion of an infectious etiology may indicate routine diagnostic workup by any number
of standard histopathologic special stains.

8. Immunohistochemical Stains

Immunohistochemical stains involve the use of fluorochromes to identify cellular antigens,
through the binding of a specific antibody to a particular antigen. A great many monoclonal
and polyclonal antibodies are available, for most hematopoietic cells. The precise antibodies
will be expounded upon in the appropriate chapters.

9. Cytochemical Stains

Cytochemical stains have proven helpful in the diagnosis of certain hematologic abnormalities.
The stains are most useful in the diagnosis of acute leukemias and are therefore discussed in
greater detail in the appropriate sections. Table 3 tabulates the most commonly used of these
stains, with their predominant staining patterns.

F. Ancillary Studies

1. Cytogenetic Analysis

Because specific chromosomal abnormalities are associated with certain hematologic disorders,
such as #(15 : 17) for acute promyelocytic leukemia, cytogenetic analysis may aid in the classifi-
cation these disease processes. Cytogenetic studies can also be used to monitor remissions and
relapses, and to distinguish between donor and recipient cells in bone marrow transplantation.
New and exciting methods, particularly fluorescent in-situ hybridization (FISH), have been
developed which permit chromosomal analysis on either metaphase or interphase cells, as well
as paraffin-embedded tissue. Fluorescent-labeled probes unique to many chromosomes and
fusion genes, such as bcr/abl in chronic myelogenous leukemia (CML), are already available.

2. Flow Cytometry

Flow cytometry is virtually unique in that the laboratory may study several populations of cells
within a specimen for multiple features and/or markers. The primary use of cell surface markers
in hematopathology is to identify alterations in a particular group of cells that may correlate
with a disease state. Flow cytometric assays, however, are by no means limited to immunophe-
notyping. Assays have been described for the quantitation of DNA for ploidy and proliferation
studies, cell surface receptors, carbohydrates, intracellular antigens such as cytoplasmic mu
and terminal deoxynucleotidyl transferase (TdT), ion fluxes, and phagocytosis.

3. Molecular Studies

Gene rearrangement studies in diagnostic hematopathology may be utilized either as an indica-
tor of clonality or in the determination of cellular lineage of a neoplastic proliferation. The
ability of Southern blot hybridization studies to detect small numbers of clonal cells has en-
abled evaluation for either minimal or residual disease following therapeutic intervention. The
newest methodology adapted for the detection of gene rearrangement is the polymerase chain
reaction (PCR). The PCR uses a unique gene sequence to amplify, and semiquantify, small
amounts of either DNA or cDNA for a known gene, such as bcl-2 in follicular center cell
lymphoma, thereby enabling the assessment of the presence or absence of disease. This proce-
dure may use either fresh aspirate material or paraffin-embedded tissue. This methodology is
further elucidated in the “Molecular Hematology™ section.



Table 3 Cytochemical Reactions for Various Hemapoietic Cell Lines®

Granulocytic series Monocytic series Erythrocytic series Megakaryocytes Lymphocytic series Plasma cells

Normal Dyspl Malig Normal Dyspl Malig Normal Dyspl Malig Normal Dyspl Malig Normal Dyspl Malig Normal Dyspl Malig

Fe - - - + - - - H- A - - - - - - - - -
PAS + + +- +- - - - - + + + +- + + + - - -
Perox + + + +— -+~ - - - - - - - - - - - -
CAE + + + - - +— - - - - - - - - - - - -
A-EST - - +/- + + + - - - + =+ + - H- + -+
A-EST/FI - - +- - - - - - - + -+ + H—- - + H- -
LAP + +H- - - - - - - - - - - - - - - - -
TdT - + + - - + - - - - - - - +- + - - -
SBB + + + H- - H- - - + - - - - - + - - -
Ac phos  +/- -+ + + + - e - - - - + + + +- +— +

“Dyspl, dysplastic; Malig, malignant.
Fe, iron; PAS, periodic acid Schiff; Perox, myeloperoxidase; CAE, chloracetate esterase; A-EST, alpha naphthyl acetate esterase; A-EST/FI, alpha naphthyl acetate esterase
with sodium fluoride; LAP, leukocyte alkaline phosphatase; TdT, terminal deoxynucleotidyl transferase; SBB, Sudan black B; Ac phos, acid phosphatase.
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4. Electron Microscopy

The two types of electron microscopic techniques available for diagnostic hematopathology
are the transmission electron microscopy (TEM) and scanning electron microscopy (SEM).
These techniques are not used with great frequency, although TEM may be helpful in a small
number of difficult cases, such as for the classification of undifferentiated blasts (FAB-MO or
FAB-M7) or in the detection of viral particles.
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Benign Lymph Node Lesions

Robert J. Hartsock
Allegheny General Hospital, Pittsburgh, Pennsylvania

Il. INTRODUCTION

This discussion addresses a practical approach to benign lymph node lesions with an emphasis
on selected conditions that present diagnostic challenges in both establishing a diagnosis and
separating these lesions from other reactive and neoplastic processes. There have been excellent
reviews addressing these processes in books, monographs, and articles, so a detailed discussion
of the entire spectrum of these entities is unwarranted.

Unexplained enlargement of a single lymph node or multiple lymph nodes demands atten-
tion. In difficult clinical cases when a diagnosis is nebulous, one approach is a careful examina-
tion of the patient for enlarged lymph nodes; if any are found, biopsy may provide the diagno-
sis. Unfortunately, lymph nodes are still one of the more difficult diagnostic tissues for surgical
pathologists. In the earlier editions of Ackerman’s Surgical Pathology, it was noted that more
diagnostic mistakes are made on lymph nodes than on any other tissue removed from the
patient. This probably still holds true today, so it is important to know the major pitfalls in the
interpretation of lymph nodes (Table 1). A present-day addition to this list is the misinterpreta-
tion of immunohistochemistry, flow cytometry, and other sophisticated biologic techniques
used to analyze the cellular changes in lymph nodes. Although these techniques are powerful
additions to the armamentarium of surgical pathologists, the results from these studies must be
kept in perspective, with their interpretation made in conjunction with the histologic changes.
Generally, there is overuse and inappropriate application of these expensive procedures, so
judgment is required to utilize these procedures optimally.

It is not mundane to stress the importance of knowing the age, sex, the exact location of
the biopsy, and any other relevant information about the patient before analyzing the tissue
and rendering a diagnosis. The pathologist is a consultant, and the histologic changes must be
evaluated in the context of the appropriate information.

il. LYMPH NODE PROCESSING

Selection of the lymph node to remove is a clinical decision, but it is best to remove the largest
node or preferably the two largest nodes, to minimize the chance of obtaining a nondiagnostic

27



28 Hartsock

Table 1 Pitfalls in Interpretation of Lymph Nodes

Incomplete clinical information

Inadequate histology

Imprecise diagnostic criteria

Lack of appreciation of the reactive capacity of lymph nodes
Limited differential diagnosis

Failure to use appropriate biologic techniques

Misinterpretation and/or inappropriate use of biologic techniques

Nk W=

specimen. A great deal is made about avoiding the inguinal region as a site for biopsy, but the
inguinal region is not an infrequent area of involvement by malignant lymphoma and other
processes, and if one maintains appropriate diagnostic criteria, nodes removed from this region
should not present any greater diagnostic concern. When a lymph node or lymph nodes are
removed, they should be resected with their capsules intact and immediately transported to the
laboratory for evaluation. This evaluation should include the preparation of thin slices of tissue
to be placed in appropriate fixative such as buffered neutral formalin or other fixatives such
as B5. Excellent histologic sections, however, can be prepared from tissue fixed in buffered
neutral formalin, and this fixative also has the advantage that many histochemical reactions
work well in such tissue. Fresh tissue preparations should be snap-frozen for molecular biologic
studies, if they become necessary. The preparation of touch imprints from fresh nodal tissue is
also an integral part of the gross evaluation, because correlation of the cytology from these
imprints with histology can frequently be invaluable diagnostically. These inexpensive imprints
also provide a cellular resource that may be used for both immunohistochemical and histo-
chemical studies. Proper fixation and thin histologic sections prepared at 5 um are the two
most fundamental aspects of obtaining excellent histology. Should the clinical history or gross
examination of the lymph nodes suggest an infectious process, portions of tissue can be pre-
pared for inoculation into culture media such as Lowenstein-Jensen, Sabouraud, thioglycolate,
or blood agar.

lll. SPECTRUM OF HISTOLOGIC CHANGES
OF ANTIGENIC STIMULATION

Fundamental to the interpretation of lymph nodes is the appreciation of the histologic spectrum
of their reactivity. Once this appreciation is acquired, the interpretation of the malignant lym-
phomas, benign lesions, and other neoplastic processes become less difficult. The spectrum of
reactivity in lymph nodes is best appreciated from a study of the antigenic response of lymph
nodes. The histopathology of early antigenic stimulation which one may encounter with infec-
tious mononucleosis, postvaccinial lymphadenitis, herpes zoster, cytomegalovirus infections,
autoimmune disorders, bacterial infections, and other stimulants to lymph nodes is foreign to
many pathologists because lymph nodes harboring these changes are usually not removed
during the early antigenic phase. When these lymph nodes are removed, however, diagnostic
mistakes can occur, particularly in those cases in which the immunoblastic response of early
antigenic reaction appears to destroy the nodal architecture. Secondary germinal center forma-
tion is a late immunologic development that requires time to develop following antigenic stim-
ulation. The primary germinal center consists of nodules of small lymphocytes surrounded by
a loose sinusoidal network. One of the first observable changes by light microscopy in the
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primary germinal center following antigenic challenge is the activation of T lymphocytes with
the transformation of these cells into large, noncleaved immunoblasts. Activation of small B
lymphocytes with immunoblastic transformation appears to occur concomitantly with the T-
cell transformation with resultant expansion of the lymphocytic mass. Cytologically, the immu-
noblasts, whether T or B, have large, open, round to oval nuclei with distinct nuclear borders
surrounded by scant to moderate cytoplasm. The nucleoli of these cells may vary in number
from one to usually three. These nucleoli frequently have irregular shapes such as V shapes
(Fig. 1). Some of the cells which have two nucleoli are referred to as “snake eye” cells.
Reactive immunoblastic cells may be misconstrued as Reed-Sternberg cells or the cells of a
large cell lymphoma in certain cases. In contrast to immunoblasts, diagnostic Reed-Sternberg
cells have two or more distinct nuclei, each containing a prominent single nucleolus that usu-
ally occupies an appreciable volume of the nucleus. The nucleoli of the Reed-Sternberg cell
may be surrounded by a perinucleolar halo simulating a viral inclusion. In other Reed-Stern-
berg cells, a fine filamentous strand may extend from the nucleolus to the nuclear membrane.
The cytoplasm of the Reed-Sternberg cell varies from scant to abundant (Fig. 2). A major
difficulty is encountered with the distinction between a mononuclear Reed-Sternberg cell and
an immunoblast containing a single prominent nucleolus. Because of the cytologic similarity
at times between a mononuclear Reed-Sternberg cell and some immunoblasts with a prominent
nucleolus, a diagnosis of Hodgkin’s disease should be established only with the identification
of binucleated and/or multinucleated Reed-Sternberg cells in a proper histologic background.

Figure 1 Composite illustrates cytologic variations of immunoblasts found in case of infectious mono-

nucleosis. These cells have scant to moderate cytoplasm, a large open nucleus, and one or more nucleoli.
(H & E; x1200.)
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Figure 2 Composite contains various types of Reed-Sternberg cells. Diagnostic Reed-Sternberg cells
have two or more nuclei each with an acidophilic nucleolus. The mononuclear R-S cell can sometimes
ape the mononuclear immunoblast. (H & E; x1200.)

It is pertinent to underscore the axiom that a diagnosis of Hodgkin’s disease is dependent on
the identification of Reed-Sternberg cells in an appropriate histologic background. The mottled
pattern of early antigenic stimulation is not the appropriate background for Hodgkin’s disease
(Fig. 3). This mottled pattern of early antigenic stimulation is nonspecific and can occur follow-
ing many different antigenic stimuli.

The late immunologic response is characterized histologically by the development of dis-
tinct secondary germinal centers (Fig. 4). It is only 15 or 20 days following stimulation of
lymph nodes that secondary germinal center formation becomes dominant. Lymph nodes al-
ready containing secondary reactive germinal centers will respond to an antigenic stimulus by
the outcropping of immunoblasts in the mantle zone.

IV. INFECTIOUS MONONUCLEOSIS

Infectious mononucleosis is the great masquerader of the malignant lymphomas, and the surgi-
cal pathologist should keep this diagnostic possibility foremost in mind when dealing with
Iymph nodes removed from young patients. The spectrum of histologic changes in infectious
mononucleosis varies appreciably. These lymph nodes may harbor an apparent nonspecific
follicular hyperplasia or exhibit the diffuse hyperplasia of early antigenic change with its mot-
tled pattern imparted by immunoblasts in a background of well differentiated lymphocytes. In
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Figure 3 Diffuse hyperplasia of early antigenic stimulation with mottled pattern imparted by immu-
noblasts in background of small lymphocytes. (H & E; x400.)

other instances, the architecture of the lymph node will appear to be effaced by a diffuse
proliferation of reactive immunoblasts that simulate a large cell lymphoma (Fig. 5).
Unfortunately, one may encounter cells indistinguishable from Reed-Sternberg cells in the
histologic changes of infectious mononucleosis (Fig. 6). The nucleoli of these immunoblasts
may be either basophilic or eosinophilic, as may the nucleoli of Reed-Sternberg cells in Hodg-
kin’s disease. The tinctorial staining of the nucleoli is a function of processing, and it cannot
be used reliably as a feature to discriminate between these two types of cells. The Reed-
Sternberg cell in infectious mononucleosis, however, will be typically encountered in lymph
nodes exhibiting either a mottled pattern or a florid immunoblastic proliferation, which are
histologic backgrounds not in keeping with Hodgkin’s disease. To prevent the misinterpretation
of the reactive changes of infectious mononucleosis for a malignant lymphoma, it is imperative
not to diagnose a large cell lymphoma in the young before excluding infectious mononucleosis
or other reactive conditions. Serologic studies for the Epstein-Barr antibodies and the evalua-
tion of the peripheral blood film for reactive lymphocytes (Downey cells) can be crucial.
Occasionally the serologic studies for infectious mononucleosis may be initially negative,
so these studies may have to be repeated. In addition, careful examination of the histologic
tissue for presence of plasma cells or plasmacytoid cells may alert one to a diagnosis of a
benign process. Recuts of the paraffin block to identify areas of more conventional hyperplasia
such as the presence of germinal centers can be an important diagnostic maneuver, and immu-



Figure 4 Reactive follicular hyperplasia with outcropping of immunoblasts in mantle zone. (H & E;
x160.)

Figure 5 Florid response of immunoblasts in early antigenic stimulation. Infectious mononucleosis.
(H & E; x400.)
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Figure 6 Reed-Sternberg cell in florid immunoblastic stage of infectious mononucleosis. Cervical
lymph node, 15-year-old boy. Living and well 22 years later. (H & E; x1200.)

nohistochemistry reactions for kappa and lambda light chains can be helpful in demonstrating
a polyclonal population in infectious mononucleosis.

V. FOLLICULAR HYPERPLASIA “NONSPECIFIC”

Note should be made of the so-called routine follicular hyperplasia of lymph nodes encountered
in surgical pathology. These lymph nodes are characterized by follicles that vary in size and
shape and have defined secondary germinal centers with phagocytosis. Mantle zones and si-
nuses surround the germinal centers. This diagnosis must be approached judiciously, because
these lymph nodes are responding to an antigenic challenge and it has been demonstrated in a
follow-up of a significant number of patients with follicular hyperplasia that approximately
one-half of these patients subsequently developed a pathologic process, which usually emerges
within 1 year. These processes include such entities as malignant lymphoma, leukemia, infec-
tious diseases, and immune disorders. The clinician should be alert to these possibilities and
follow the patient appropriately.

Several diseases manifest a follicular hyperplasia in lymph nodes that causes changes
which are suggestive of the disorders. These disorders include toxoplasmic lymphadenopathy,

rheumatoid lymphadenopathy, luetic adenopathy, AIDS-associated adenopathy, measles, and
Castleman’s disease.
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VL. TOXOPLASMIC LYMPHADENOPATHY

Toxoplasmic lymphadenopathy is characterized histologically by a follicular hyperplasia with
aggregates of epithelioid cells inside and around the germinal center complex. The surrounding
epithelioid complexes can distort and partially invade the edges of the germinal centers. Clus-
ters of reactive monocytoid cells in the subcapsular and medullary sinuses occur, and they
may be either quite prominent or sparse. Although toxoplasmosis can present with generalized
adenopathy, the cervical lymph nodes are typically involved. Diagnostically, therefore, the
pathologist dealing with lymph nodes from the cervical or subnuchal regions of a patient should
evaluate these nodes carefully for the triad of follicular hyperplasia, epithelioid aggregates in
and around germinal centers, and sinusoidal monocytoid B cells. Occasionally only a single
germinal center complex will be involved, so the significance of this subtle change should not
be overlooked. Sometimes toxoplasmic lymphadenopathy may be accompanied by a significant
response of immunoblasts which impart a mottled pattern to the interfollicular nodal archi-
tecture. The occurrence of immunoblasts in this setting can be suggestive of interfollicular
Hodgkin’s disease; in such instances, careful attention to cytologic detail distinguishing immu-
noblasts from Reed-Sternberg cells is essential. Hodgkin’s disease and toxoplasmic lymphade-
nitis can be confused with each other. It is rare to find the organisms or pseudocysts of Tox-
oplasma gondii in a conventional case, although pseudocysts and individual organisms can be
seen in acute necrotizing toxoplasmic lymphadenitis.

The histologic changes associated with toxoplasmic lymphadenopathy are not pathogno-
monic and may be encountered with a substantial number of entities, including infectious
mononucleosis, cytomegalovirus infection, leishmaniasis, and brucellosis. Excellent reviews of
the various entities encountered in the differential diagnosis of toxoplasmic lymphadenopathy
have been published. Because of the nonspecificity of toxoplasmic lymphadenopathy, the diag-
nosis of toxoplasmosis must be established serologically. Although the cat is the animal reser-
voir for Toxoplasmic gondii, the patient may have a history of drinking unpasteurized milk or
eating poorly cooked meat.

Vil. HUMAN IMMUNODEFICIENCY VIRUS
LYMPHADENOPATHY

Lymph nodes from patients infected with human immunodeficiency virus (HIV) can present a
particularly vexing diagnostic challenge to the surgical pathologist, because these lymph nodes
present a spectrum of histologic changes from reactive to neoplastic. In addition, the histologic
changes of these lymph nodes are nonspecific, so a diplomatic approach must be used when
suggesting serologic studies to confirm a suspected diagnosis of HIV infection from the exami-
nation of a lymph node. Early in the course of this viral infection, the nodes may have a florid
follicular hyperplasia with large serpiginous germinal centers that lack mantle zones. These
germinal centers may be infiltrated by lymphocytes that disrupt their architecture and simulate
follicular lymphomas. Foci of hemorrhage and lymphocytic islands may be seen. As the infec-
tion evolves, the lymph nodes become depleted of lymphocytes and lose their follicular pattern.
Certain stages in the progression to depletion simulate the appearance of angioimmunoblastic
lymphadenopathy, and one must be alert not to confuse these two entities. HIV-associated
lymph nodes should always be examined for opportunistic infections, Kaposi’s sarcoma, and
malignant lymphoma. Occasionally an overwhelming infection with Mycobacterium avium-
intracellulare will simulate Gaucher’s disease. It should also be noted that M. avium-intracellu-
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Figure 7 Effacement of the architecture of lymph node by macrophages infected by M. avium-intracel-
lulare. (H & E; x160.) Top insert, macrophages with Gaucher-like streaked cytoplasm. (H & E; x640.)
Bottom insert, PAS-positive sickle-form mycobacteria. (PAS; x1200.)

lare will stain strongly with the periodic acid Schiff reaction and simulate the sickle-form
particles of Whipple’s disease (Fig. 7).

Vill. RHEUMATOID LYMPHADENOPATHY

Patients with rheumatoid arthritis can have significant lymphadenopathy. Although the lymph
nodes have prominent follicular hyperplasia with a significant interfollicular component of
plasma cells and dilated sinuses that may contain neutrophils, the changes are not pathogno-
monic. In some cases, plasma cells occur within the germinal centers. Occasionally the reactive
follicular component of rheumatoid lymphadenopathy can be misinterpreted ‘as: follicular lym-
phoma and the paracortical infiltration and expansion by small abnormal lymphocytes as a T-
cell lymphoma. Patients with rheumatoid arthritis, however, have an increased ‘incidence of
developing malignant lymphoma, so in difficult diagnostic cases one must utilize immunohisto-
chemical and other biologic techniques appropriately.

IX. LUETIC LYMPHADENOPATHY

The incidence of syphilis is increasing, and usually both clinicians and pathologists are un-
aware of the underlying infection, since the serologic examination for this infection is no
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longer mandated. The luetic lymph node usually harbors a significant follicular hyperplasia
that can be misinterpreted as a follicular lymphoma, although this hyperplasia is typically
accompanied by pericapsular fibrosis, numerous plasma cells both within the capsule and inter-
follicular areas, and associated vasculitis and endarteritis. These constellation of changes
should prompt an examination for spirochetes and appropriate serologic studies, particularly
when the lymph node is removed from the inguinal region. Spirochetes have a predilection to
localize in and around blood vessels, so it is advantageous to search for the organisms near
vessels. A not infrequent clinical presentation of luetic lymphadenopathy is that of a painful
mass in the inguinal region that simulates a hernia. Histologic changes that may occur in
these lymph nodes are granulomas, pseudosarcoid reactions, abscesses, and bland follicular
hyperplasia unassociated with other changes.

X. MEASLES LYMPHADENOPATHY

In evaluating lymph nodes removed from pediatric patients, it is important to examine the
germinal centers of these nodes for Warthin-Finkeldey giant cells (polykaryocytes), the pres-
ence of which should suggest a diagnosis of measles lymphadenopathy. Usually, measles is
not overlooked clinically, but on rare occasions lymph nodes may be removed from these
patients because the prodromal phase of measles is characterized by significant hyperplasia of
lymphoid tissue. The Warthin-Finkeldey cell (polykaryocytes) are most prominent during this
phase of the infection. Polykaryocytes, however, are not pathognomonic for measles, as these
cells may also be found in lymph nodes from patients with a wide variety of conditions,
including HIV-associated lymphadenopathy, Kimura’s disease, malignant lymphoma, and other
reactive processes. In addition to their germinal center location, polykaryocytes may also be
found in the interfollicular lymphoid tissue, and in this location these cells have a T-cell
phenotype.

Xl. CASTLEMAN’S DISEASE

Castleman’s disease was initially described as mediastinal lymph node hyperplasia that simu-
lated thymomas because of the large size and the presence of small, contracted, sclerotic-
appearing germinal centers. Among the various synonyms for this lesion, the term giant lymph
node hyperplasia is appropriate. These lesions occur not only in the mediastinum, the most
common location, but also in other areas such as the retroperitoneum, cervical, and axillary
regions, as well as the abdomen, lungs, and skeletal muscle. Grossly, these lesions range in
size from 1.5 to 16 c¢m, and two histologic forms have been described, a hyaline vascular type
and a plasma cell type. The hyaline vascular type is the most common, and these patients are
usually asymptomatic, while patients with the plasma cell type are frequently symptomatic and
have systemic changes such as fever, hypergammaglobulinemia, and anemia. Microscopically,
the hyaline vascular type is characterized by sclerotic follicles and interfollicular vascularity.
The follicles are numerous and typically small, with compact germinal centers composed al-
most exclusively of follicular dendritic cells surrounded by concentric rings of small lympho-
cytes. Small hyalinized blood vessels penetrate many of these follicles. The presence of multi-
ple small germinal centers in a large lymphoid nodule is highly typical of the hyaline vascular
form of Castleman’s disease. The interfollicular areas are rich in endothelial venules, small
lymphocytes, and clusters of plasmacytoid monocytes. This type of germinal center is not
specific for Castleman’s disease, as similar follicles may occur in patients with acquired im-
mune deficiency disease (AIDS), AIDS-related complex, angioimmunoblastic lymphadenopa-
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thy, and nonspecific reactive nodes. Thus, a histologic diagnosis of Castleman’s disease re-
quires the constellation of small sclerotic follicles, interfollicular zones dominated by venules
and small lymphocytes, and an enlarged lymph node or lymphoid mass.

In contrast to the hyaline vascular type of Castleman’s disease, the plasma cell type is
uncommon and not infrequently multifocal. Some cases of the multifocal type are thought to
represent systemic Castleman’s disease. The histologic changes of the plasma cell type are also
not pathognomonic but, in contrast to the hyaline vascular form, the plasma cell type is charac-
terized histologically by sheets of plasma cells between follicles. The follicles in the plasma
cell type appear normal. Histologically, similar changes may be seen in HIV-associated lymph-
adenopathy, rheumatoid arthritis, and lymph nodes draining carcinomas. Some cases of the
plasma cell type are associated with Hodgkin’s disease, either in the same lymph node or in a
subsequent lymph node biopsy. Occasionally some lesions of this entity have a mixed form
combining both the features of the hyaline vascular and plasma cell type.

The multicentric type of Castleman’s disease is important to recognize because the patient
may have a declivitous course. The median survival of patients with the multicentric type is
26 months, with a survival range from 8 to 170 months. In contrast to the localized type of
Castleman’s disease, the multicentric type tends to occur predominantly in an older age group,
although cases have been reported in children. The multicentric type involves multiple periph-
eral and visceral lymph nodes; histologically these lymph nodes are typically of the plasma
cell type, although in the latter stages of the process, hyaline vascular forms occur. Patients
with the multicentric form of Castleman’s disease may develop malignant lymphoma, Kaposi’s
sarcoma, plasmacytomas, POEMS syndrome, and glomeruloid hemangiomas.

Xil. INFECTIOUS PROCESSES

Although lymph nodes are most often removed diagnostically to evaluate a patient for a malig-
nant process, lymph nodes can be involved with any of the other basic pathologic processes
of inflammation, degeneration, disturbance of flow, or congenital defects. Infectious diseases
involving lymph nodes are a major diagnostic challenge because of the importance of determin-
ing the etiologic agent, so that appropriate therapy may be instituted.

The decision to have microbial cultures performed on lymph nodes frequently resides with
the clinician or surgeon who suspects an infectious process. When lymph node cultures are not
ordered clinically, there is a tendency to submit the entire lymph node in fixative, thus losing
a critical opportunity for diagnostic cultures. This is another important reason to insist that
lymph nodes be submitted to surgical pathology unfixed, but this does not occur automatically
so one must insist vigilantly on fresh tissue. If the gross or frozen section examination of the
lymph node discloses a granuloma or other infectious lesion, a portion of the lymph node can
be cultured in appropriate media. Alternatively, a small portion of tissue can be placed in a
sterile petri dish for refrigeration until the permanent sections are evaluated the following day.

If the permanent sections disclose an infectious process, refrigerated tissue can be used
for culture without significant loss of effectiveness, as the most significant pathogens survive.
The basic cultures for identification of an etiologic agent are Lowenstein-Jensen for acid-fast
organisms, Sabouraud media for fungi, blood agar for general isolation of organisms, and
thioglycolate broth for the anaerobes. Alternatively, a large study evaluating the effectiveness
of lymph node cultures indicated that cultures be limited to only those lymph nodes containing
granulomas or acute inflammation, and that the media used be limited to those effective for
the isolation of fungi and acid-fast organisms when the patient is immunocompetent.

The identification of granulomas in lymph nodes conveys important diagnostic informa-
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tion, but a diagnosis of granulomatous lymphadenitis is nonspecific. A uniform approach is
therefore needed to identify an etiologic agent. The following stains are helpful in identifying
organisms in granulomas: acid-fast stain for M. tuberculosis, atypical mycobacteria, and Nocar-
dia; Grocott modification of the methenamine silver technique for fungi; and Brown-Brenn
stain for bacteria. Other reactions such as silver stain and periodic acid-Schiff reaction (PAS)
can be used selectively. In addition, one may utilize immunofluorescence, immunohistochemis-
try, DNA in-situ hybridization, and polymerase chain reaction (pcr) techniques when appro-
priate. It is important to underscore that bacterial cultures frequently identify an etiologic agent
when the special stains are unrevealing. Specific note should be made that the identification
of acid-fast organisms in tissues is also nonspecific and the growth patterns in the Lowenstein-
Jensen media are vital to the identification of M. tuberculosis and the various atypical myco-
bacteria. When acid-fast organisms are identified in tissue, it is good practice to have the
organisms verified by a neutral observer.

Noncaseating granulomas are a particularly vexing problem because they may be caused
by a wide spectrum of entities including sarcoidosis, tuberculosis, fungal infections, syphilis,
pseudosarcoid reactions of neoplastic processes, and Whipple’s disease. It is pertinent that the
granulomas of sarcoid may exhibit necrosis, while the granulomas of tuberculosis and other
infectious diseases may be nonnecrotizing. A diagnosis of Boeck’s sarcoid is a clinical patho-
logical undertaking and a diagnosis of exclusion. The designation noncaseating granulomatous
disease compatible with sarcoid should be avoided because it can be misleading. All noncaseat-
ing granulomas must be evaluated in a manner similar to those used to evaluate caseating
granulomas. The granuloma of Boeck’s sarcoid usually contains large, multinucleated giant
cells and may also contain Schaumann’s bodies, calcium oxylate crystals, and asteroid bodies.
All these structures are nonspecific. Peculiar small, cigar-shaped amorphous structures which
are PAS- and acid-fast-positive may also occur nonspecifically in the lymph node harboring
Boeck’s sarcoid. These ceroid structures are known as Hamazaki-Wesenberg bodies.

Occasionally the diagnostic biopsy of Hodgkin’s disease will contain a significant pseudo-
sarcoid component and simulate the histologic appearance of sarcoidosis, so one must be alert
to this diagnostic pitfall and evaluate such nodes carefully for diagnostic areas of Hodgkin’s
disease (Fig. 8). Pseudosarcoid reactions in lymph nodes can also occur in association with
non-Hodgkin’s lymphomas and other neoplasms.

A peripheral lymph node may be the first diagnostic tissue removed from a patient with
Whipple's disease, and these peripheral lymph nodes frequently harbor a pseudosarcoid reac-
tion that can be misinterpreted as sarcoidosis. In one large series, one-third of the lymph nodes
of Whipple’s disease patients contained granulomatous lesions. In contrast to the lymph nodes
from the abdominal region in Whipple’s disease, the peripheral lymph nodes generally lack
lipid vacuoles, but instead have sinus histiocytosis and a pseudosarcoid reaction. The granulo-
mas and macrophages in these lymph nodes typically react strongly with the PAS reaction,
demonstrating sickle-form structures (Fig. 9). It has been recommended that before making an
unequivocal diagnosis of Whipple’s disease on a peripheral lymph node, one should demon-
strate the organism by electron microscopy or identify the diagnostic lesion of the gastrointesti-
nal tract. Utilizing the polymerase chain reaction, the organism of Whipple’s disease is thought
to be related to Actinobacteria and has been given the name Tropheryma whippelii. Whipple’s
disease presenting with peripheral adenopathy can also be confused with lymphoepithelial cell
lymphoma (Lennert’s lymphoma) is certain cases, so a recommended approach is to apply the
periodic acid-Schiff reaction to both sarcoid-like lesions and lymphoepithelial cell lymphomas.

In immunosuppressed patients, lymph nodes including the peripheral lymph nodes may be
involved with M. avium-intracellulare and simulate Whipple’s disease, both histologically and
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Figure 8 Hodgkin’s disease with prominent pseudosarcoid reaction. Initial biopsy from cervical area.
(H & E; x100.) Insert, Reed-Sternberg cell (x640).

cytologically. M. avium-intracellulare is strongly PAS positive, and these organisms can as-
sume a sickle-form configuration apeing the sickle-form structures of Whipple’s disease.

Xill. SUPPURATIVE NECROTIZING GRANULOMATOUS
LYMPHADENITIS

Histologically, suppurative necrotizing granulomatous lymphadenitis typically has geographic
granulomas with necrotic centers containing neutrophils and necrotic debris surrounded by
palisaded histiocytes and giant cells. A commonly encountered example of this granuloma is
cat-scratch disease, but similar granulomas occur with a range of infectious diseases including
lymphogranuloma venereum, tularemia, brucellosis, tuberculosis and yersinia, and fungal and
atypical mycobacterial infections. These granulomas must be evaluated methodically, just like
any other granuloma, in an attempt to identify the etiologic organism.

The organism that causes cat-scratch disease is a coccobacillary pleomorphic extracellular
bacterium that can be stained with the Warthin-Starry technique. This organism is place in the
class of Proteobacteria and named Afipia felis.

The etiologic agent of lymphogranuloma venereum is Chlamydia trachomatis, which has
been identified in infected tissue utilizing special procedures including the polymerase chain
reaction, but this chlamydia cannot be reliably identified on a routine basis so serum antibody
studies may be useful in confirming a diagnosis. Although it is uncommon, tularemia is also a
disease that can present with geographic necrotizing granulomas. This infection is caused by



40 Hartsock

Figure 9 Peripheral lymph node with granuloma of Whipple’s disease. (H & E; x400.) Insert, PAS-
positive sickle-form particles in granuloma. (PAS; x1200.)

an extremely virulent bacterium, Pasteurella tularensis, that is hazardous to culture in the
laboratory, so special precautions must be taken in handling any such attempt at isolation.
Confirmation of a diagnosis of both lymphogranuloma venereum and tularemia is best accom-
plished serologically. Occasionally the necrosis in Hodgkin’s disease may be geographic and
resemble the necrosis of cat-scratch disease. Thus, Hodgkin’s disease can be misinterpreted as
cat-scratch disease if histologic changes of Hodgkin’s disease are not appreciated (Fig. 10).

XIV. LANGERHANS’ CELL GRANULOMATOSIS/EOSINOPHILIC
GRANULOMA OF LYMPH NODES

Eosinophilic granuloma (Langerhans’ cell granulomatosis) of the lymph nodes is a distinctive
histologic lesion usually characterized by an intact architecture with significant sinusoidal dis-
tention by Langerhans’ cells associated with a variable number of eosinophils which may be
prominent and form eosinophilic microabscesses. The process not infrequently may extend into
the perinodal tissue, and the nodal architecture may in advanced cases may be partially or
totally destroyed. Bizarre multinucleated giant cells can occur within the sinusoidal areas. The
Langerhans’ cells have a moderate amount of eosinophilic cytoplasm, rather distinct borders,
and a large, round, oval or elongated nucleus which is characteristically folded, grooved, or
lobulated and has small nucleoli. Typically, mitoses are sparse, with a median of two per 10
high-magnification fields, but in individual cases the mitoses may range from 0 to 25. The
etiology and pathogenesis is unknown, and some maintain that it is a reactive process; however,
recent studies have demonstrated eosinophilic granuloma to be a clonal proliferation.
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Figure 10 Hodgkin’s disease with geographic necrosis simulating cat-scratch disease. (H & E; x160.)

Lymph nodes harboring eosinophilic granulomas may be isolated lesions or part of a
multisystemic disease. When these nodes are associated with eosinophilic granulomas of bone
or skin, they are generally smaller in size and have only focal sinusoidal involvement. These
granulomas may also be associated with either Hodgkin’s disease or non-Hodgkin’s lym-
phoma; when they occur in this setting, the process is typically nonsinusoidal, limited in size,
and adjacent to the lymphoma. In paraffin sections, the Langerhans’ cell is S100 positive in
nearly all instances, and in most cases the vimentin, CD74, and HLA-DR are positive.

Kimura’s disease may superficially simulate the histologic changes of Langerhans’ granu-
lomatosis in lymph nodes because of a prominent eosinophilic infiltration. The lymph nodes
in Kimura’s disease, however, are distinctively different and are characterized by a florid,
reactive follicular hyperplasia, prominent infiltration of eosinophils, vascularization of germi-
nal centers and paracortical regions, and mantle cell infiltration of the germinal centers. Eosino-
phils may also infiltrate germinal centers and form abscesses. Kimura’s disease is categorized
as a chronic allergic inflammatory disease of unknown etiology that afflicts young to middle-
aged patients. The process has a predilection for the head and neck regions and may simulate
a malignant lymphoma clinically. In most cases there is associated elevation of IgE immune
complexes and peripheral blood eosinophilia. Twelve percent of patients with this disease
may develop proteinuria and the nephrotic syndrome. Histologically, Kimura’s disease can be
confused with angiolymphoid hyperplasia with eosinophilia, which is a vascular lesion with a
predilection also for the neck region. In angiolymphoid hyperplasia, however, the involved
vessels are lined with hobnail-like endothelial cells with abundant, dense eosinophilic cyto-
plasm, which is in sharp contrast to the thin, scant endothelial cells lining the venules in
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Kimura’s disease. Not infrequently an adjacent damaged muscular vessel can be identified in
angiolymphoid hyperplasia. The distinctive features of Kimura’s disease help distinguish it
from other lymph nodes infiltrated with significant numbers of eosinophils, such as may occur
with allergic reactions, drug sensitivity, Hodgkin’s disease, and parasitic infections.

XV. HISTIOCYTIC NECROTIZING LYMPHADENITIS/
KIKUCHI'S LYMPHADENITIS

Histiocytic necrotizing lymphadenitis (Kikuchi-Fujimoto’s disease) is an uncommon reactive
entity involving lymph nodes that deserves special consideration because the histologic changes
may be misinterpreted as a malignant lymphoma. This lesion of unknown etiology is usually
a self-limited process, although the disease may occasionally recur and a rare patient die. This
lymphadenitis usually presents with painful cervical lymph nodes in young women, and the
diagnosis is usually made by biopsy. Histologically, the involved nodes on low magnification
usually have multiple, defined, irregular karyorrhectic foci, which may also contain zones of
coagulative necrosis. Germinal centers are not prominent, and the cellular composition of the
process varies. The earliest developing foci contain sheets of plasmacytoid monocytes with
associated nuclear debris and distinctive crescent histiocytes. Other areas contain an admixture
of plasmacytoid monocytes, nuclear debris, histiocytes, and immunoblasts. The histiocytes in
this disorder have peripherally placed crescent-shaped nuclei and abundant cytoplasm contain-
ing phagocytized nuclear debris. Polymorphonuclear leukocytes are either sparse or totally
absent, and plasma cells similarly are sparse. Fields rich in plasmacytoid monocytes and immu-
noblasts can be misinterpreted as malignant lymphoma, particularly as mitoses may not be
infrequent. Some lymph nodes will have sweeping zones of necrosis with nuclear debris, mim-
icking the hematoxylin bodies of lupus erythematosus. Histologically, the spectrum of changes
in Kikuchi’s lymphadenitis has been subclassified as proliferative, necrotizing, and xanthoma-
tous, depending on the dominant histologic expression. Identical cellular changes may occur
in mesenteric lymph nodes in patients with mesenteric lymphadenitis who were thought to
have appendicitis. The nodal changes of Kikuchi’s lymphadenitis may be indistinguishable
from acute lupus erythematosus, and a small percentage of these cases may later evolve with
lupus erythematosus or other collagen disorders.

Lymph nodes in Kawasaki’s disease may superficially simulate the histologic changes in
Kikuchi’s disease, but Kawasaki’s disease is usually recognized clinically, so lymph nodes are
rarely removed. When they are removed, however, these nodes have extensive geographic
necrosis, prominent fibrinoid thrombi of blood vessels, and a prominent component of neutro-
phils. These histologic features are not present in Kikuchi’s disease. The distinction between
Kawasaki’s disease and Kikuchi’s disease is important because Kawasaki’s disease should
be treated immediately with aspirin in order to prevent the development of coronary artery
aneurysms.

XVI. SINUS HISTIOCYTOSIS WITH MASSIVE
LYMPHADENOPATHY/ROSAI-DORFMAN DISEASE

Sinus histiocytosis with massive lymphadenopathy is a distinctive lesion involving lymph
nodes that is better known by its eponym, Rosai-Dorfman disease. Involved lymph nodes are
significantly enlarged, with yellowish-white cut surfaces. Microscopically, these lymph nodes
have prominent fibrous capsular thickening, but the outstanding and distinctive change is mas-
sive expansion of the sinuses, containing numerous histiocytes with abundant cytoplasm and
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Figure 11 Megakaryocytic myeloid metaplasia simulating Rosai-Dorfman lymphadenopathy. Sinuses
filled with megakaryocytes. (H & E; x160.) Insert, megakaryocytes with lymphocyte in cytoplasm (em-
peripolesis). (H & E; x1200.)

centrally placed vesicular nuclei with one or several nucleoli. Nuclear atypia is usually not
present. The cytoplasm of the histiocytes characteristically contains numerous intact lympho-
cytes, but sometimes the cytoplasm will also contain neutrophils, plasma cells, and red blood
cells. Plasma cells are prominent in both the sinuses and intrasinusoidal areas. Foamy macro-
phages may also occur, but eosinophils are absent and germinal centers are usually not promi-
nent. Numerous extranodal sites may also be involved with this process.

Rosai-Dorfman disease most often presents with painless, isolated, massive, bilateral cervi-
cal adenopathy that clinically apes malignant lymphoma. Other lymph node groups, however,
may be involved, with or without associated cervical involvement. Some patients have no
symptoms, but fever, night sweats, weight loss, and arthralgia may be present.

Conditions that may cause diagnostic confusion with sinus histiocytosis with massive ade-
nopathy include florid reactive sinus histiocytosis, Langerhans’ cell histiocytosis, metastatic
carcinoma and melanoma, and sinusoidal lymphoma. Myeloid metaplasia of the megakaryo-
cytic type in which lymphocytes are present in the cytoplasm of the megakaryocytes (emperi-
polesis) may also resemble this entity superficially (Fig. 11).

XVIl. INFARCTION OF LYMPH NODES

Infarction of lymph nodes is frequently misinterpreted as nonspecific necrosis or occasionally
as chronic necrotizing granulomatous inflammation when histiocytes and giant cells organize
in response to the injury. Recognition of nodal infarction is important because it usually reflects
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an underlying process of significance, such as malignant lymphoma, vasculitis or vascular
thrombosis, or infections. It also been associated with mechanical pressure and gold therapy.

The important association between malignant lymphoma and nodal infarction is under-
scored by the results of a multicentric study evaluating this association. Approximately 28%
of patients with infarcted lymph nodes had malignant lymphoma at the time of diagnosis, either
in the same node or in other lymph nodes. In those patients without obvious lymphoma, about
16% developed malignant lymphoma within 2 years, but after 2 years the risk of developing
lymphoma was negligible.

XVII. INFLAMMATORY PSEUDOTUMOR OF LYMPH NODES

The lymph nodes involved by an inflammatory pseudotumorous reaction may be single or
multiple, and they can be massively enlarged, matted, and adherent to adjacent soft tissue
structures. This reaction may develop suddenly or gradually, and when it is associated with
anorexia, fever, and night sweats, it usually is indicative of systemic involvement. The process
may resolve spontaneously or disappear following surgical removal of the involved tissues,
but it can persist or relapse. Histologically, the nodal connective tissue is the primary target of
involvement, and this involvement may be focal or extensive, with extension into the capsule
and pericapsular areas. The affected connective tissue is usually edematous and contains fibro-
blastic-like cells, polygonal-shaped histiocytes, small blood vessels, and plasma cells admixed
with varying proportions of lymphocytes, eosinophils, and neutrophils. Venulitis is a distinctive
feature of this process. In addition, the histiocytes and fibroblastic cells can form loose, vesicu-
lar or storiform patterns, which may cause confusion with soft tissue tumors. Reactive follicles
are typically inconspicuous.

When lymph nodes are involved secondary to an extranodal inflammatory pseudotumor,
the involved lymph nodes contain a space-occupying lesion that is distinctively different from
the histologic changes of a primary inflammatory pseudotumor of lymph nodes.

XIX. VASCULAR TRANSFORMATION OF LYMPH NODE
SINUSES AND PRIMARY VASCULAR TUMORS OF
LYMPH NODES

Vascular transformation of lymph node sinuses is important to recognize and appreciate be-
cause it can be associated with a regional neoplasm or confused with other entities such as
Kaposi’s sarcoma, bacillary angiomatosis, nodal hemangiomas, and mycobacterial spindle cell
pseudotumors. Any lymph node may be affected by vascular transformation, but usually these
Iymph nodes are identified as part of a surgical specimen containing another lesion, usually a
neoplasm.

There is considerable variation in the extent and type of vascular transformation of sinuses.
The transformation may be limited, with preservation of the nodal architecture, or there may
be extensive distortion of the architecture. The capsular tissue of the node is spared, and
typically the subcapsular, intermediate, and medullary sinuses are affected segmentally or dif-
fusely, with concominant reduction of the lymph node parenchyma. The vascular changes
express a range of histologic patterns including small delicate vessels, branching vascular clefts
with associated fibrous tissue, cellular endothelial proliferations with a spindle cell pattern,
solid nodules composed of plump spindle-shaped cells, and a plexiform variant with a netlike
configuration of vessels. Occasionally the cellular variant will form large multiple nodules
within the nodal tissue that simulate a metastatic tumor.
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In the differential diagnosis of vascular transformation of sinuses, it is important to dif-
ferentiate bacillary angiomatosis and mycobacterial spindle cell pseudotumors because these
entities must be treated. Mycobacterial spindle cell pseudotumors are characterized by multiple
large, nodular areas composed of spindle-shaped cells forming fascicles associated with plas-
ma cells. These pseudotumors have a predilection of involve the connective tissue of the
lymph node rather than sinuses, and the lesion contains many mycobacteria. The other lesion,
bacillary angiomatosis, is purported to be caused by Rochalimaea quintana, and the diagnostic
histologic triad for this angiomatosis is proliferating blood vessels lined by plump endothelial
cells with pale cytoplasm, interstitial amorphous material containing the bacteria, and neutro-
phils infiltrating the interstitial areas. The Rochalimeae organism can be identified with the
Warthin-Starry technique. Kaposi’s sarcoma involving lymph nodes has prominent capsular
and trabecular involvement rather than sinusoidal involvement, and the diagnostic areas of
Kaposi’s sarcoma are slitlike, poorly formed vessels with a spindle cell component. In addition,
the cytoplasm of these spindle cells contains eosinophilic hyaline globules which are PAS
positive.

Primary vascular tumors of lymph nodes are rare, but they may be confused with vascular
transformation of sinuses. These primary vascular tumors include hemangiomas, angiomyoma-
tous hamartomas, hemangioendotheliomas, polymorphous hemangioendotheliomas, and lym-
phangiomas. Histologically, these primary vascular tumors are identical to their counterparts
which occur elsewhere in the body. The exception is angiomyomatous hamartomas, which are
unique lesions and appear to occur exclusively in the inguinal lymph nodes and extensively
replace the nodal parenchyma. This hamartoma is composed of smooth muscle and fibrous
tissue with progressive loss of identifiable blood vessels.

XX. OTHER DIAGNOSTIC ENTITIES

Space does not permit a discussion of the following processes that may involve lymph nodes
and also present diagnostic challenges. These entities include pseudofungi in lymph node si-
nuses, silicone lymphadenopathy, polyvinylpyrrolidone storage simulating signet ring carci-
noma, sinus histiocytosis secondary to prosthetic material, nodal changes in Henoch-Schonlein
purpura, dilantin-associated lymphadenopathy, intranodal hemorrhagic spindle cell tumor with
amianthoid fibers simulating Kaposi’s sarcoma, decidual changes in pelvic lymph nodes, be-
nign lymph node inclusions mimicking metastatic carcinoma, cytomegalovirus, and Herpes
simplex lymphadenitis, Pneumocystis carinii lymphadenitis, lymphangiography-induced lymph
node lesions, and iatrogenic lesions of lymph nodes induced by fine needle aspiration.

CASE STUDY

A 52-year-old Caucasian man first noticed a mass in his inguinal region approximately 3 weeks
before removal of an enlarged lymph node in this area. The duration of the enlargement was
unknown, but when the lymph node failed to respond to antibiotic therapy, it was removed.

On gross examination, the lymph node was firm and 2.5 cm in greatest diameter. Its cut
surface was smooth, grayish-white, and glistening. Histologically, the lymph node was replaced
by a uniform population of large, round to oval cells with moderate cytoplasm and nuclei that
had finely stippled chromatin and indistinct nucleoli that varied from one to three. Some of
the nucleoli were in apposition to the nuclear membrane. The nucleoli had a dustlike appear-
ance, and mitoses were numerous (Fig. 12).



46 Hartsock

Figure 12 The lymph node is effaced by a uniform population of large cells. (H & E; x40.) Insert,
large cells have dustlike chromatin and indistinct nucleoli. (H & E; x640.)

Questions

1. What is your differential diagnosis?
2. What additional studies would you request to analyze this tumor?

Discussion

The primary differential diagnosis of this lesion is malignant lymphoma, large cell type, and
metastatic neoplasms including undifferentiated carcinoma, Merkel cell carcinoma, adult neu-
roblastoma, carcinoid tumor, and melanoma. Leukemic involvement also deserves consider-
ation.

The uniform population of cells, the dustlike appearance of the nuclei, and the significant
increase in mitotic activity are features, however, that alert one to a diagnosis of Merkel cell
carcinoma. Immunohistochemical reactions helpful in solidifying a diagnosis include the leuko-
cyte common antigen, low- and high-molecular-weight keratins, and S100. Additional reactions
that can prove helpful in the analysis are neuron specific enolase, chromogranin, and synapto-
physin (1). In this neoplasm, the low-molecular-weight keratin was strongly positive with
membrane staining and a characteristic punctate highlighting of a paranuclear neurofilaments
(Fig. 13). The high-molecular-weight antibody against keratin, however, failed to stain the cell
membrane, but it did react with the paranuclear neurofilaments. There was negative staining
of the S100 protein and the leukocyte common antigen. The histology, cytology, and immuno-
histochemical reactions are characteristic of Merkel cell carcinoma. Additional reactions that
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Figure 13 The immunohistochemical reaction with low-molecular-weight keratin discloses strong par-
anuclear punctate staining and staining of the cytoplasmic membranes. Low-molecular-weight cytokera-
tin, monoclonal antibody. (x160.)

were strongly positive were the neuron specific enolase, the synaptophysin, and the chromo-
granin reactions.

Undifferentiated metastatic carcinomas generally have strong cytoplasmic reaction with
high-molecular-weight cytokeratin or, in some instances, with low-molecular-weight keratin.
Typically, however, carcinomas lack expression of synaptophysin, chromogranin, and neuron
specific enolase and do not have punctate staining in the paranuclear region with low-molecu-
lar-weight keratin.

Metastatic oat cell carcinoma, adult neuroblastoma, and carcinoid tumors, however, can
express both cytokeratin and the neuroendocrine markers (neuron specific enolase, synaptophy-
sin, chromogranin) and thus be potentially confused for Merkel cell carcinoma (1). These
neoplasms, however, lack the characteristic punctate paranuclear labeling with the low-molecu-
lar-weight cytokeratins. The immunohistochemical reaction patterns are also not in keeping
with a metastatic melanoma or malignant lymphoma of large cell type. Melanomas fail to
exhibit the characteristic paranuclear punctate labeling with keratin, and usually melanomas
possess the S100 protein. Characteristically, most malignant lymphomas react strongly to the
leukocyte common antigen and lack the paranuclear punctate labeling with keratin antibodies.

Histologically, it is possible to confuse Merkel cell carcinoma for a leukemic infiltrate,
but the labeling of the neoplastic cells with the antibodies against the keratins, chromogranins,
and synaptophysin are not in keeping with a leukemic process.
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Once the diagnosis of Merkel cell carcinoma was established, it was recommended to
thoroughly evaluate the patient for evidence of a primary lesion in the skin. In this case, no
lesion was identified. The diagnosis of metastatic Merkel cell carcinoma in a lymph node in
the absence of an identifiable primary lesion in the skin is extremely rare and always difficult
to explain, but there have been sporadic reports and case presentations of such occurrences.
One report included eight patients with Merkel cell carcinoma with involvement of the inguinal
lymph nodes (five cases), axillary lymph nodes (two cases), and submandibular lymph nodes
(one case) in which no primary skin lesion was found. In all these cases, the patients underwent
extensive evaluation, and rigid criteria were followed in making the diagnosis of Merkel cell
carcinoma (2).

The patient presented in this case underwent local lymph node dissection, following which
he received four courses of cisplatin and etoposide therapy. Three years after he was diagnosed
with metastatic Merkel cell carcinoma, he is working full time and free of disease (3).
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Pathology of the Spleen

Hernani D. Cualing

University of Cincinnati Medical Center, Cincinnati, Ohio

. INTRODUCTION

Disorders affecting the bone marrow and lymph node components of the hematopoietic system
frequently involve the spleen. The pathology usually manifests as splenomegaly secondary to
an expansion of either the red pulp or the white pulp compartments of the spleen. With few
exceptions, red pulp disease is secondary to leukemia and white pulp disease is secondary to
lymphoma. Unlike cut surfaces of lymph node and bone marrow, cut surface of the spleen
offers clues to the pathology—homogeneous red cut surface when infiltrated by leukemia and
prominent Malphigian corpuscles (white pulp nodules) when lymphoma is involved.

Il. EMBRYOLOGY

The spleen is first visible in the human embryo by the fifth week of gestation as condensation
of the mesogastrium, the mesentery attaching the stomach to the dorsal wall of the abdominal
cavity. It is completely derived from the mesoderm, initially recognized as sinuses and cords
and eventually complemented by the white pulp by the sixth fetal month. Primitive follicles
lacking germinal centers are initially observed. Well-formed germinal centers first appear
around the time of birth. Lymphocytes appear early and B cells predominate, but immunoglob-
ulins of the IgM and IgG type are synthesized late in the third trimester.

In lower vertebrates, such as the lamprey, splenic tissue first appeared as a spiral fold of

the gut; later in evolution, as in fish, the typical spleen arose from dorsal mesentery of the
stomach.

lll. ANATOMY

A normal spleen weighs about 150 (+38) g, and this weight decreases after the seventh decade.
The spleen has a fibrous capsule, but lacks smooth muscle and contractibility. Splenic afferent
and efferent arteries and veins, nerves and efferent lymphatics, and lymph nodes are located
in the hilum. The spleen is part of the vascular system and derives its blood supply from the
splenic artery. This artery branches to trabecular arteries to become the central arteries of the
white pulp. The central arteries terminate as penicilliary arterioles in the white and red pulp.
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Blood empties into the cords of Billroth and some directly into the venous sinuses (Fig. 1).
The splenic sinuses and veins drain directly into the porto-hepatic venous system.

The spleen is divided into a white pulp and a red pulp compartment owing to the color of
these areas on cut section of the gross specimen. Microscopically, there is a marginal zone
between the red pulp and the white pulp. This zone, which envelops the B- and T-cell areas,
contains marginal-zone lymphocytes, macrophages, and plasma cells and is supplied by termi-
nal branches of the central artery (Fig. 1).

The white pulp is a 1-2 mm white nodule on cut section, uniformly distributed and inti-
mately associated with the arterial network. Depending on the angle of microscopic section,
this cuff of white pulp may look round, elliptical, or elongated. Primary lymphoid follicles
containing a homogeneous nodule of B lymphocytes branch periodically, and when they are
activated by antigen, may display a secondary follicle composed of a germinal center, mantle
zone, and marginal zone. Unlike some other animal species, there is no marginal sinus dividing
the mantle from the marginal zone. These B-cell compartments (Fig. 2) are easily recognized
by their distinct tripartite zonation: The center has germinal center lymphocytes; followed by
a mantle zone of small lymphocytes, and a third, outermost rim of polymorphous lymphoid
cells with pale, generous monocytoid cytoplasm—the so-called marginal zone lymphocytes. A
cuff of lymphocytes, predominantly of T-cell type, envelops the central arteries, sometimes
referred to as the periarteriolar lymphoid sheath (PALS).

pulp arteriole

pencilliar
arteriole

cord of Billroth —
’ B cells

cords of 4 periarteriolar
Biliroth | . lymphoid sheath

Filtering Function

Function

Figure 1 Diagram of the spleen including functional areas and circulation. The left side of the figure
depicts microcirculation in the red pulp subserving filtering function, and the right side of the figure
depicts lymphoid architecture of the white pulp subserving immune function. The central figure depicts
blood flow through the white pulp vessels and into the red pulp sinuses and veins.
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Figure 2 Histoarchitecture of activated follicle in the white pulp. A tripartite zonation is present: The
center is composed of the germinal center cells (arrowhead), followed by a cuff of mantle zone cells
(broken arrow), and the outermost monocytoid-like cells is the marginal zone cells (open arrow). This
area of the white pulp corresponds to the secondary follicle in a lymph node. The cells from these zones
are the putative cells of origin of the follicular center cell lymphoma, mantle cell lymphoma, and marginal
zone lymphoma, respectively. Although all derives from the B-cell population, subset immunophenotyp-
ing allows diagnosis of type of lymphoma. (x200, PAS.) -

The red pulp is composed of the sinuses, the cords of Billroth, and terminal arterioles.
The structure of the red pulp sinuses, as compared to other organs, is uniquely suited for blood
filtration. The sinuses are lined by spindle-shaped endothelial-like cells called littoral cells,
which do not possess desmosomes or tight junctions, and which act as a framework structure
enclosed by a sieve composed of a specialized basement membrane. These membranes or ring
fibers are discontinuous, transversely oriented, and function as a net in the cordal sieve (1).
Cordal macrophages attach to the ring fibers. This arrangement allows only pliable, healthy
cells to pass from the cordal spaces to the sinuses and further traps abnormal blood elements.
Unlike hematoxylin and eosin preparations, only periodic acid Schiff (PAS) or argyrophilic
stain highlights the ring fiber filtering architecture of the red pulp.

IV. PHYSIOLOGY

The anatomy serves its filtering and immune function well; progressive branching of arteries
helps skim off the plasma from the cells. The soluble antigens are perfused in the marginal
zone, where phagocytic macrophages process them and induce antibody production. Cellular
elements continue on to the spaces of the cords of Billroth in the red pulp. Blood passes
through the pulp cords, where pitting (removal of inclusion bodies from the red cells) and
culling (cell destruction) takes place. As a filter, trapping of elements may lead to red pulp-
related pathology. If these elements are otherwise altered in their plasticity, opsonized by
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antibody, or carry aberrant membrane or cytoplasmic biomolecules, the cords and its sievelike
architecture will entrap and cull them away from circulation. Senescent red cells as well as
other blood elements may be trapped in the spleen. It also functions as a reservoir of freely
exchangeable platelets and, to a lesser extent, red cells. The red pulp compartment serves as a
filter of blood and the white pulp compartment performs its other major function: primary
immune response.

The spleen is the largest lymphoid organ in the body and plays a crucial role in the
function of host defense by trapping antibody-coated cells and microbes. The white pulp, which
is composed of lymphoid-rich periarteriolar structures, is involved in humoral (antibody) and
cell-mediated immunity. As an organ serving immune recognition and function, diseases affect-
ing the lymph nodes may lead to white pulp-related pathology. Similar to the lymph nodes in
function and architecture, the “Malphigian corpuscles” swell and atrophy along'with lymph
node follicles upon activation by particulate antigens, infectious agents, or ingress of neoplastic
lymphocytes. Both lymph nodes and spleen contain areas for B- and T-lymphocyte microenvi-
ronment. The PALS corresponds to the paracortical area and the white pulp follicle corresponds
to the germinal center of lymph nodes.

V. BLOOD FLOW PATHOPHYSIOLOGY

Blood flow abnormality from both the arterial and the venous sides of the circulation may lead
to pathology. Infarction (peliosis lienis) is secondary to embolization or vascular thrombosis.
It is often wedged-shaped, with its base along the capsule.

Because of the spleen’s rich vascular and reticular framework, extrasplenic neoplasms that
disseminate via the bloodstream can be trapped in the spleen. The most common are metastatic
melanoma, breast, and lung carcinoma. '

In addition, because of the close continuity of the spleno-portal venous system, portal
venous hypertension will lead to congestion of the splenic sinuses. Congestive splenomegaly
may be caused by:

Cirrhosis

Budd-Chiari syndrome

Splenic vein thrombosis

Portal vein thrombosis

Banti’s syndrome—idiopathic portal hypertension

The fibrocongestive splenomegaly triad includes:

Hemosiderotic nodules (Gamna-Gandy bodies)
Fibrosis of the red pulp
Sinusoidal dilatation

VI. SPLENIC FUNCTION

Hypersplenism and hyposplenism are two major clinicopathologic processes associated with
excessive or decreased splenic function, respectively.
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A. Hypersplenism

Hypersplenism is characterized by cytopenias, compensatory bone marrow hyperplasia, sple-
nomegaly, and correction of cytopenia after splenectomy. The differential diagnosis of spleno-
megaly is shown in Table 1. The pathogenesis is attributed to splenic sequestration and de-
struction of trapped blood elements. Sequestration is caused by abnormalities in the blood cells
or of the spleen itself. Abnormalities of red cells are either congenital or acquired. Congenital
red cell abnormalities include hereditary spherocytosis, hemoglobinopathies, and hereditary
hemolytic anemias. Acquired red cell disorders include malaria and autoimmune hemolytic
anemia. Splenic causes of hypersplenism are due to disorders of cordal macrophages or secon-
dary to infiltrative diseases. Disorders of cordal macrophages include the storage diseases,
Langerhans cell histiocytosis, and hemophagocytic syndromes. In these disorders, the cords
are widened and macrophages are abundant. Infiltrative neoplastic diseases and vascular abnor-
malities may also cause hypersplenism.

Table 1 Differential Diagnosis of Splenomegaly

Splenic vein hypertension
Cirrhosis, portal or splenic vein thrombosis, hepatic vein occusion, heart failure
Inflammatory
Rheumatoid arthritis, systemic lupus erythematosus, Felty’s syndrome, sarcoidosis, amyloidosis
Hematologic disorders
Hemolytic anemias (congenital and acquired): thalassemia major, sickle and spherocytic anemias
Tumors
Benign
Hamartoma
Cysts
Malignant
Chronic leukemia—chronic lymphocytic and hairy cell leukemia
Myeloproliferative disorders—chronic myeloid leukemia, myelofibrosis with myeloid metapla-
sia, polycythemia rubra vera, essential thrombocythemia
Acute leukemia—granulocytic sarcoma
Malignant lymphomas
Metastatic solid tumors
Sarcomas
Infectious
Acute
Viral (infectious mononucleosis, hepatitis, CMV)
Bacterial (mycobacterium avium intracellulare, salmonellosis)
Subacute and chonic
Subacute bacterial endocarditis
Tuberculosis
Malaria
Schistosomiasis
Kala-azar (Leishmania sp.)
Storage diseases
Gaucher’s disease
Niemann-Pick’s disease
Sea-blue histiocyte-associated diseases
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B. Hyposplenism

Hyposplenism is characterized by absent or decreased splenic function. Splenectomy, atrophy,
infarction, and acquired or congenital immune deficiency may produce hyposplenism. In AIDS
patients, lymphoid depletion and overwhelming mycobacteria infection lead to hyposplenism.

Peripheral blood findings in the asplenic or hyposplenic state include erythrocyte inclu-
sions and abnormalities in morphology. These inclusions include Howell Jolly, Pappenheimer,
and Heinz bodies (supravital stains). Additional erythrocyte abnormalities in the peripheral
blood include target cells, pitted or bitten red cells, or nucleated red cells.

Vil. DISEASES OF THE WHITE PULP
A. Introduction

The white pulp does not normally contain germinal centers. Pathology may show as increase
or decrease of lymphoid elements. Antigenic stimuli induce reactive germinal centers and
plasmacytosis. Certain immunodeficiency syndromes cause lymphoid depletion of the white
pulp. Various granulomatous conditions also affect the spleen. The major neoplastic disease of
the white pulp is non-Hodgkin’s lymphoma, usually secondary to systemic disease. Table 2
shows a list of white pulp pathology.

B. Reactive Lymphoid Hyperplasia

Tripartite white pulp architecture is present. Reactive hyperplasia of the white pulp can be
seen in:

Spleen removed incidentally for traumatic injury

Children and adolescents

Acute infections, especially infectious mononucleosis

Rheumatoid arthritis and other collagen vascular diseases

Idiopathic thrombocytopenic purpura-detected as PAS-positive foamy histiocytes in the
marginal zone

Graft versus host disease (GVH)

C. Lymphoid Depletion

Lymphoid depletion occurs with:

Table 2 Diseases of the White Pulp

Reactive lymphoid hyperplasia
Lymphoid depletion
Granulomatous processes
Infectious
Noninfectious
Malignant lymphomas
Non-Hodgkin’s lymphomas
Hodgkin’s disease
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Acquired immune deficiency syndrome (AIDS): At autopsy, plasmacytosis and white pulp
depletion are common findings (2). Other findings include immunoblast proliferation,
microabscesses, fibrosis, congestion of red pulp, erythrophagocytosis, infection [my-
cobacteria (16%), cytomegalovirus (15%)] and neoplasms [malignant lymphoma
(14%), perivascular Kaposi sarcoma (15%)].

Primary immunodeficiency diseases: X-linked agammaglobulinemia of Bruton (B-cell de-
ficiency), DiGeorge thymic hypoplasia syndrome (T-cell depletion), severe combined
immunodeficiency (B- and T-cell defect).

Cytotoxic chemotherapy and radiotherapy

Immunosuppressive agents—corticosteroids and antilymphocyte serum

D. Granulomatous Processes

Histologic types of granulomas include:

Lipogranulomas (20% of surgical pathology splenectomy specimens)
Active granulomas with or without necrosis

Small sarcoidal-type epithelioid granulomas

O1d, inactive hyalinized granulomas

Etiologically, granulomas are classified as infectious or noninfectious.

1. Infectious Granulomas

Infectious granulomas are uncommon as primary in spleen, but atypical mycobacterium is
becoming prevalent in HIV+ patients. Inactive tuberculosis and histoplasmosis are common
causes of inactive hyalinized granuloma. Plamodium vivax, syphilis, leprosy, tularemia, and
yersinia are unusual.

A rare necrotizing granulomatous splenitis, cause unknown, has been described (3). This
perplexing disease uncommonly reveals an associated bacterial infection.

2. Noninfectious Granulomas

Certain noncaseating sarcoid-type splenic granulomas (6% of splenectomy specimens) are sig-
nificant. They are often associated with central arteries. They are observed in

Hodgkin’s disease

- Sarcoidosis
Non-Hodgkin’s lymphoma
Chronic uremia
IgA deficiency

E. Malignant Lymphoma

Splenectomy is not usually performed in patients with non-Hodgkin’s lymphoma (NHL) except
when there is hypersplenism or a suspected primary splenic lymphoma. The majority of lym-
phomas involve the white pulp and form nodules. Hence, it is difficult to classify splenic
lesions as nodular or diffuse initially, unless there is massive involvement beyond the white
pulp. Grossly, solitary or multiple tumor masses are characteristic of large cell lymphoma or
Hodgkin’s disease (HD), and miliary tumor nodules are characteristic of small lymphoid neo-
plasms (Fig. 3). Flow cytometry immunophenotyping and immunohistochemistry are useful
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Figure 3 Gross picture of the cut surface of the spleen showing a large, subcapsular, well-delineated
tumor mass, a finding often associated with involvement by either Hodgkin’s lymphoma or non-Hodg-
kin’s lymphoma of large cell histologic type.

tools in evaluation and diagnosis of malignant lymphomas (see Study Case 1 at the end of the
chapter for discussion).

Primary lymphoma of the spleen is rare, accounting for less than 1% of all lymphomas.
Most are non-Hodgkin’s lymphomas; as primary, splenic Hodgkin’s disease is rare. Large cell
lymphomas comprise 63% (4), small cell (lymphocytic and cleaved) comprise 32%, and mixed
small and large and small noncleaved types are rare. Phenotypically, most are B cell. Other
NHLSs occurring primarily in the spleen are rare.

Splenic marginal zone lymphoma is a recently described rare primary splenic lymphoma
(5). It appears to be a distinct clinicopathologic entity, presents in older women, and is charac-
terized by splenomegaly and associated circulating monocytoid cells or villous lymphocytes
(Fig. 4).

Secondary lymphoma of the spleen is more common. This occurs in 25-100% of all NHL
patients and 33% of all HD patients. Small lymphocytic lymphoma commonly involves the
spleen, whereas large cell lymphoma does so relatively infrequently. The frequency of secon-
dary spleen involvement by types of lymphomas is as follows (4).

1. Non-Hodgkin’s Lymphoma

Small lymphocytic, lymphoplasmacytic, mantle cell—most common (60-100%), miliary
pattern

Follicular small cleaved—common, 49-61%, monotonous small cleaved, miliary pattern

Follicular, mixed—uncommon, may be mistaken for benign follicles

Large cell—6-38% of cases, tumor mass

Small noncleaved—rare
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Figure 4 Involvement by marginal zone lymphoma characterized by expansion of the marginal zone
(broken arrow) and effacement of germinal center architecture secondary to “colonization” by neoplastic
cells (arrowhead). Unlike the normal germinal center shown in Fig. 2, the follicle is infiltrated by a
monotonous infiltrate of cells which have round to irregular nuclei, moderately abundant pale cytoplasm,
and inconspicuous mitosis. Although a nodular pattern is often observed, areas of diffuse involvement of
the red pulp may be present. (x400, PAS.)

T-cell lymphomas—rare, including the recently described hepatosplenomegalic gamma-
delta T-cell lymphoma

2. Hodgkin’s Disease

Hodgkin’s disease most commonly involves the spleen extranodally. About one-third of pa-
tients who had a staging laparotomy show involvement. Splenic involvement is correlated with
bone marrow and liver involvement. Grossly, solitary or multiple tumor masses are commonly
seen at presentation, but subtle small lesions are also seen. Microscopically, most are found in
the white pulp. Histologic subtyping is better performed using lymph node biopsy.

Vill. DISEASES OF THE RED PULP
A. Introduction

Most of the diseases identifiable in the red pulp are secondary to a systemic disorder. Table 3
shows red pulp-related disorders. Intrinsic lesions are rare and will be discussed later.

B. Congestion of Red Pulp

Sinusoidal dilatation associated with increased portal pressure can lead to congestion of red
pulp. This may result in ischemic infarcts, fibrosis, and hemosiderotic nodules. Histologically,
the red blood cells are normal and sinuses are dilated.

Cordal space dilatation associated with abnormalities in red cell membrane (i.e., hereditary
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Table 3 Diseases of the Red Pulp

Congestion
Infection
Histiocytic disorders
Storage disorders
Hemophagocytic disorders
Langerhan’s cell histiocytosis
Foamy histiocytosis
Myeloproliferative disorders and leukemias
Dysproteinemias

spherocytosis) can also cause congestion of splenic pulp. The cords are expanded and sinusoi-
dal spaces are usually compressed. There is a “laking” phenomenon (ghost red cells) better
appreciated in cytologic imprints than on histologic preparation. Most of these cases are first
diagnosed in children, but the diagnosis of hereditary spherocytosis in adults is not uncommon.
Splenectomy for hereditary spherocytosis has been tempered in recent years by reports of fatal
sepsis, usually due to Streptococcus pneumoniae.

C. Infection

Infectious mononucleosis—important to recognize because it may be histologically mis-
taken for leukemia (4).

AIDS sepsis—atypical mycobacteria appearing histologically as foamy histiocytosis with
AFB-positive intracellular organisms.

D. Histiocytic Disorders

Histiocytic disorders are derived from a common bone marrow mononuclear stem cell. At
maturity, these cells perform either a phagocytic or an immune effector role at diverse tissue
sites. K. Foucar aptly referred to these cells as belonging to the M-PIRE (mononuclear phago-
cyte and immunoregulatory effector) system (6).

1. Storage Disorders

The characteristic pathology in storage disorders is red pulp expansion. Microscopically, there
is widening of, and sequestration in, the cords of Billroth by inclusion-laden histiocytes. Most
are rare genetic disorders producing a specific lysosomal enzyme defect or deficiency that
gives rise to storage diseases. There may be certain organ predilection or systemic involvement,
but splenomegaly may be a prominent initial presentation. Histiocytes are almost always af-
fected, and Wright-Giemsa (WG) stain preparation may reveal “sea-blue histiocytes” (Fig. 5).
Several prototype syndromes are as follows.

a. Lipidosis

Gaucher’s cell—crumpled tissue paper-like cytoplasm, clear to pale blue in WG stain.

Niemann-Pick cell—globular lipid inclusions in “foam cell,” clear or blue in WG stain.
PAS positive, diastase resistant.

Sea-blue histiocyte syndrome——deep blue in WG stain, may be a variant of Niemann-Pick.

Lecithin cholesterol:acyltransferase deficiency (L-CAT)—accumulation of intracytoplas-
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Figure 5 Sea-blue histiocyte is a debris-laden phagocytic macrophase, with plump foamy cytoplasm
filled with lipid globules (arrow). The cells are often called “sea blue” because of their distinct color in
WG-stained imprints. However, the hematoxylin-and-eosin appearance of the foamy histiocytes is yel-
lowish brown. This type of cell is found in a few storage diseases, a finding that may help in arriving at
a correct diagnosis. (Oil immersion, Giemsa.)

mic and extracytoplasmic lipids secondary to inherited deficiency of enzyme normally
present in the plasma; manifests in the spleen as splenomegaly and shows in the
kidney as glomerular lipid membranous deposition. Spleen is almost always involved,
and imprint cytology shows sea-blue histiocytosis in WG stain.

b. Gangliosidosis

Tay-Sachs cell—blue in WG stain
¢. Mucopolysaccharidosis

Hurler and Hunter syndrome—baloon cells,” metachromatic in WG stain, zebra bodies
in electron microscopy.

d. Glycogenoses

von Gierke’s—foamy cells, clear in WG stain, PAS positive, diastase-sensitive inclusions.

2. Hemophagocytic Syndromes

Hemophagocytic diseases are often systemic and may show red pulp expansion due to an
increase in hemocytophagic histiocytes. The general types identified in the spleen with findings
of hemophagocytic cordal macrophages include:

Microorganism-induced: viral, bacterial, or mycoplasma infection

Familial types: rare, fatal, infantile disorders

Neoplasms: mainly NHL of T or NK cell type, may be associated with hemophagocytic
syndrome.
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3. Langerhans Cell Histiocytosis

Langerhans cell histiocytosis includes a spectrum of “histiocyte-like” disorders with diverse
clinical presentation, including Letterer-Siwe disease, Hand-Schuller-Christian disease, and eo-
sinophilic granuloma. Using molecular techniques (HUMARA, human androgen receptor
assay), Willman et al. (7) recently reported this disorder as a clonal proliferation of an immune
effector—the Langerhans cell. The red pulp is preferentially involved.

4. Disease Associated with Foamy Histiocytosis in Spleen

ITP

Hyperlipidemia

Chronic granulomatous diseases

Gaucher’s, Niemann-Pick, Tay-Sachs disease

E. Myeloproliferative Disorders and Leukemias

Chronic myeloproliferative disorders are a group of similar diseases (8) that are clonal, often
associated with cytogenetic abnormalities, in which splenomegaly is almost always found.
Each syndrome may transform to another. Splenectomy is not usually performed, especially
for essential thrombocythemia or polycythemia vera, in which fatal thrombotic complications
may be seen. Microscopically, they variably express extramedullary hematopoiesis, immature
granulocytes, and megakaryocytes (Fig. 6). These disorders include:

Chronic myeloid leukemia
Polycythemia vera

Figure 6 Sinuses and cords infiltrated by clusters of megakaryocytes, immature granulocytes, and
erythroid precursors; seen in a number of myeloproliferative syndromes especially those secondary to
myelofibrosis with myeloid metaplasia. (x450, PAS.)
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Myeloid metaplasia with myelofibrosis
Essential thrombocythemia

Chronic myeloid leukemia (CML) is a clonal Philadelphia translocation (t 9,22)-associated
stem cell disorder, which is characterized clinically by a chronic phase followed by either a
blastic crisis or accelerated signs of leukemic transformation. Examination of the spleen in the
chronic phase reveals an infiltrate of maturing granulocytes. Most of the leukemic process is
manifested in the bone marrow, but occasional blast crisis presents in the spleen.

Myeloid metaplasia with myelofibrosis (MMM) denotes a syndrome characterized by ma-
turing extramedullary hematopoiesis resulting in splenomegaly. Although diagnostic features
are better appreciated in the bone marrow biopsy, the spleen characteristically is enlarged
secondary to the presence of numerous maturing megakaryocytes, red cell and granulocytic
precursors in the cords of Billroth and sinuses (Fig. 6).

Polycythemia vera (PV) is a chronic myeloproliferative disorder characterized by spleno-
megaly and elevated red blood cell mass in the absence of hypoxemia or inappropriate erythro-
poietin elevation. Splenectomy is contraindicated because it can lead to thrombotic complica-
tions. Autopsy findings of the spleen in patients with PV show congestion and minimal
extramedullary hematopoiesis.

Essential thrombocythemia (ET) is characterized by persistent thrombocytosis above 1000
x 10°/L. and thromboembolic phenomena. Mild splenomegaly, with platelet trapping in the
cords and sinuses, is the usual finding. Splenectomy is contraindicated because of life-threaten-
ing thrombotic complications.

Hairy cell leukemia is a B-cell malignancy that manifests characteristics splenic and pe-
ripheral blood morphology, cytochemistry, and phenotype. Splenomegaly occurs frequently
and demonstrates a leukemic infiltrate involving the red pulp. The cut surface is beefy red, and
on microscopic examination reveals infiltration with hairy cells and blood lakes lined by hairy
cells. Hairy cells demonstrate strong positivity for acid phosphatase even after treatment with
tartrate (tartaric acid-resistant acid phosphatase granules) (TRAP). These cells express mono-
typic immunoglobulin light chains and coexpress CD11c (myelomonocytic marker) and CD20
(B-cell marker) antigens.

F. Dysproteinemias

Dysproteinemias are abnormal systemic immune reactions which are not self-limited, may be
malignant, and may have associated polyclonal or monoclonal gammopathy. Plasmacytosis,
lymphoid depletion, prominent red pulp, and peritrabecular fibrosis are observed. Examples
are

Angioimmunoblastic lymphadenopathy with dysproteinemia (AILD)
Angiofollicular giant lymph node hyperplasia (Castleman’s disease)

IX. CYSTS AND NONHEMATOPOIETIC TUMORS
A. Splenic Cyst
Pseudocyts—about 80% of splenic cysts, so-called false cysts because of the absence of

epithelial lining, occur in young adults; there is history of trauma in many patients.
Epithelial—about 20% of splenic cysts, benign, unilocular, mesothelial or squamoid lining,
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occur in children and young adults; asymptomatic but may be complicated by rupture
or carcinoma.

Parasitic-hydatid cyst or Echinococcus cysts—rare except in endemic areas.

B. Benign Splenic Vascular Neoplasms

Hemangioma and lymphangioma are the most common of splenic benign tumors, often subcap-
sular in location. Grossly, hemangioma has bloody cavities and lymphangioma has clear fluid-
filled spaces. The vascular channels are lined by flat endothelium.

Littoral cell angioma is very rare but is characterized as distinct vascular lesions composed
of anastomosing littoral cell-lined sinuses. The lining cells show histiocytic and endothelial
differentiation manifested by phagocytosis and lysozyme and CD68 (KP-1) (histiocyte marker),
factor VIII RA (vascular endothelium) positivity.

Splenic hamartoma, also called splenoma, is an abnormal tumorlike expansion compress-
ing adjacent normal spleen. It is composed of normal red pulp elements lacking trabeculae or
white pulp. It may cause hypersplenism, abdominal discomfort, can even rupture, and may be
associated with congenital genetic disease such as tuberous sclerosis. Splenectomy is curative.

Peliosis, characterized by blood-filled cystic spaces, may be associated with peliosis hep-
atis and an underlying disease such as tuberculosis or carcinomatosis. It may occasionally be
seen in patients on anabolic-androgenic steroids.

C. Malignant Vascular Tumors

Hemangioendothelioma—rare vascular tumor of intermediate malignancy.

Angiosarcoma—rare, occurs in older patients, who may have abdominal pain and signs of
hypersplenism, it is widely metastatic and fatal within 1 year. Littoral cell angiosar-
coma is a variant.

D. Rare Tumors

Metastatic carcinoma—breast, melanoma, and lung cancer account for most cases.

Malignant fibrous histiocytoma—rare, occurs in middle-aged patients, presents with sple-
nomegaly and abdominal pain, is aggressive and widely metastatic

Inflammatory pseudotumor—reactive mass lesion mimicking lymphoma, occurs in middle
age as a solitary lesion, microscopically is composed of myofibroblasts and inflamma-
tory cells.

Amyloid tamor or amyloidoma—rare, almost always an expression of systemic disease.

Systemic mastocytosis—almost always involves the spleen. Histologically, there is fibrosis
and granuloma-like foci around blood vessels composed of mast cells in clusters.
Leder’s stain (chloroacetate esterase) or toluidine blue for mast cell may help if histol-
ogy is equivocal.

Follicular dendritic tumor—rare, recently described, multinodular tumor.

Lipoma and myelolipoma—rare.

E. Systemic Vasculitides

Systemic lupus erythematosus may sometimes be associated with fibrinoid necrotizing vasculi-
tis, but typically may produce periarteriolar onion-skin fibrosis. Fibrin thrombi in small vessels
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in thrombotic thrombocytopenic purpura (TTP) may lead to microangiopathic hemolytic
anemia.

Periarteritis nodosa and Churg-Strauss allergic granulomatosis may rarely involve the
splenic vessels, characterized by periarteriolar eosinophilia and eosinophilic abscess.

F. Congenital Anomalies

Accessory spleen—10% of normal individuals.

Congenital asplenia—other associated congenital anomalies are seen.
Splenic-gonadal fusion—usually testicular, left sided, may rarely involve the ovary.
Spleno-hepatic or spleno-renal fusion—rare anomalies.

CASE STUDY 1
Patient

Sixty-seven-year-old woman.

Chief Complaint

A left neck “lump” following a bout of flu and common cold.
Medical History

Adult-onset diabetes mellitus and arthritis.

Medications

None.

Physical Examination

Right cervical lymphadenopathy and hepatosplenomegaly and enlarged retroperitoneal lymph
nodes. There was a slight papular rash on the patient’s neck.

Laboratory Results

Test Patient result Reference range
Hemoglobin 11.5 g/dL. 14-18 g/dL
Hematocrit 34% 42-52%

WBC count 9500/uL 4,800-10,800/ul
Lymphocytes 56% 20-45%

Platelet count 56,000/uL 150,000-375,000/uL.
LDH 700 U/L 30-200 U/L

Cervical lymph node biopsy was performed and diagnosed as low-grade malignant lym-
phoma. A bone marrow biopsy performed for staging revealed intertrabecular nodules of lym-
phoma involvement. Peripheral blood smear showed lymphocytosis and Howell-Jolly bodies.
The lymphocytes had monocytoid and villous cytoplasm. Due to persistent thrombocytopenia,
splenectomy was done. The patient was discharged to home after an unremarkable postopera-
tive recovery. '

The spleen weighed 1867 g. The cut surface was firm, red, and showed prominent nodules
averaging 0.3 cm in size. Histologically, there was prominent white pulp with confluent and
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expanded marginal zone surrounding:a monotonous nodule of neoplastic cells (see Fig. 4). The
red pulp showed infiltrates of monotonous, small to medium-sized lymphocytes with round to
irregular nuclear shape and large amounts of pale cytoplasm. Immunophenotypic studies on
the cell suspension of the spleen showed a distinct clonal population expressing IgM/D kappa.
These cells coexpressed CD19, CD20, and CD22, and lacked CD35, CD10, CD11c, CD23, and
CD25. Using touch imprints of the spleen, these cells expressed acid phosphatase and were
sensitive to tartrate.

Questions
1. What is the diagnosis?
2. What other splenic lymphomas have to be ruled out?
3. What gene rearrangement result is expected on bcl-2 and bcl-1 oncogenes?
4. What is the relationship with low-grade B-cell lymphoma of MALT (mucosa-associ-

ated lymphoid tissue lymphoma) and monocytoid B-cell lymphoma? Is splenic B-cell
lymphoma with villous lymphocytes synonymous with this condition?

Diagnosis
Splenic marginal zone cell lymphoma (SMZCL).

Discussion

This is a rare disease of elderly women that can be confused with other low-grade lymphomas
affecting the spleen. Patients usually present with massive splenomegaly and cytopenias (1). It
is generally considered a low-grade lymphoma that corresponds roughly in the Working For-
mulation with a malignant lymphoma of small lymphocytic type.

At presentation, most patients have bone marrow involvement—described as usually being
intertrabecular nodules of small lymphocytes. Staging usually reveals a stage IV disease. There
is often lymph node, liver, and peripheral blood involvement, although an absolute lymphocy-
tosis is unusual. The diagnosis is established by a combination of histomorphology, immuno-
phenotype, and gene rearrangement results.

Grossly, the spleen involved by SMZCL is usually large and histologically shows tumor
cells concentrically involving the marginal zone, effacing normal germinal centers, and infil-
trating the zone around periarteriolar sheath (see Fig. 4). Diffuse red pulp involvement is
sometimes present. Immunophenotype shows a monotypic B-cell population lacking CDS,
CD23,CD10, and CD11c, markers that tend to rule out small lymphocytic/CLL, mantle cell,
follicular center cell lymphoma, and hairy cell leukemia. Gene rearrangement results typically
show absence of bcl-1 or bel-2, oncogenes associated with t(11;14) or t(14;18), respectively.

The differential diagnoses include chronic lymphocytic leukemia/small lymphocytic lym-
phoma, mantle cell lymphoma, follicular center cell lymphoma, hairy cell leukemia, and pro-
lymphocytic leukemia.

Chronic lymphocytic leukemia/small lymphocytic leukemia is a disease of the elderly.
Lymphadenopathy and splenomegaly as well as lymphocytosis (only in CLL) is common.
Pseudofollicular center pattern is characteristics of lymph node involvement and cytologically
“mature” or well-differentiated lymphocytes are found in the peripheral blood. The spleen
shows white pulp replacement by small lymphocytes. The flow cytometry immunophenotype
is characteristic: There is dim surface immunoglobulin, and certain markers allow diagnosis
(Table 4). A third of the cases show trisomy 12.

Mantle cell lymphoma (MCL) (mantle zone, centrocytic lymphoma, intermediately differ-
entiated lymphocytic lymphoma) is a disease of older adults who often present with generalized



Pathology of the Spleen 69

Table 4 Findings in Low-Grade B-Cell Lymphomas/Leukemias That
Involve the Spleen

SMZCL  B-CLL/SL. FCC MCL HCL  PLL

CD5 -
CD10 -
CDl11c I+
CD19 +
CD20 +
CD23 -
CD25

IgH

IgL

TcR

bel-1

bcl-2
Cytogenetics
TRAP

+

+

+

I
|

I
Do+ + 1+ 4+
P+ 0+ + 0+
T R
o+ 4+ 1+
D+ + 1+ +

|
|
I
|

|

— + ——
Trisomy 12 t(14;18) t(11;14)

14q+

lymphadenopathy. Splenomegaly is common and systemic involvement is seen at presentation
in a quarter of the cases. Histologically, the mantle cell lymphocytes show a nodular monoto-
nous effacement of white pulp, and cytologically they show round to irregular and slightly
indented nuclear contours and scant cytoplasm. Immunophenotype findings are also character-
istic (Table 4). Cytogenetically, a t(11;14)(q13;32) translocation corresponding to overexpres-
sion of bcl-1 oncogene is present in about half to two-thirds of cases.

Follicular center cell lymphoma (follicular lymphoma, nodular poorly differentiated
lymphocytic lymphoma, germinal center lymphoma) of small cleaved type is a disease of older
adults that typically presents with lymphadenopathy and stage IV disease. The spleen is in-
volved in about half of the cases, and peripheral blood involvement is unusual. Histologically,
there is a nodular pattern of white pulp involvement. The nodular pattern of involvement has
to be distinguished from other “small cell” lymphomas. Cytologically, tumor cells are small,
cleaved predominantly with a mixture of transformed cells. Phenotypically, the neoplastic cells
express bright monotypic immunoglobulins, and again show characteristic phenotype (Table
4). The majority of follicular lymphomas have t(14;18)(q32;q21) translocation and overexpress
bcl-2 oncogene. The protein plays a pivotal role in inhibiting apoptosis or programmed cell
death.

Prolymphocytic leukemia (PLL) is a malignancy of older male adults characterized by
massive splenomegaly and hyperleukocytosis. Absolute lymphocytosis often exceeds 100,000/
WL. There is a minimal or absent lymphadenopathy. The spleen shows white pulp involvement
by prolymphocytes, which show a prominent nucleolus and generous pale cytoplasm. Pheno-
typically, by flow cytometry, these cells express bright monotypic immunoglobulin and a set
of immunophenotype (Table 4). No characteristic cytogenetic abnormality is seen, but a subset
of cases shows 14q+.

Hairy cell leukemia is a disease of older males commonly presenting with splenomegaly.
Systemic symptoms are common, and lymphadenopathy is minimal or absent. Pancytopenia is
a common laboratory finding. Peripheral blood reveals cells with a generous amount of cyto-
plasm, some of which show hairy projections on WG stain and phase-contrast microscopy.



70 Cualing

Histologically, the spleen shows diffuse red pulp involvement, and blood-filled sinuses. The
cytology is often referred to as that of a “fried-egg appearance.” Phenotypically, hairy cells
express pan-B antigens, with strong expression of surface immunoglobulins, and distinctive
phenotype (Table 4). The characteristic cytochemical finding is the presence of abundant cyto-
plasmic acid phosphatase positive granules that are resistant to tartrate treatment (TRAP posi-
tive). Cytogenetic findings are noncontributory.

Splenic marginal zone cell lymphoma (SMZCL) has similarities with monocytoid B-cell
lymphoma and low-grade B-cell lymphomas of mucosa-associated lymphoid tissue (MALT),
and all are currently regarded as originating from the marginal zone area of the follicles.
SMZCL and SLVL are believed to be variants of the same disease (2). Like SMZCL, splenic
B-cell lymphoma with circulating villous lymphocytes (SLVL) is a rare disease occurring
in the sixth decade, usually affects females, and demonstrates splenomegaly and localized
lymphadenopathy. There is often mild lymphocytosis. Cells show a circumferential to rela-
tively polarized villous cytoplasm imparting a villous cytologic appearance. The latter cells are
more easily seen on the thicker part of the peripheral blood smear. Histologically, like the
SMZCL, the spleen has white pulp involvement of lymphocytes with a moderate amount of
clear cytoplasm. The immunophenotype is identical with SMZCL.
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CASE STUDY 2

Patient
Thirty-one-year-old male.

Chief Complaint
Progressive left upper quadrant abdominal pain with radiation toward the left flank.

Medical History

Appendectomy and hernia repair, weight gain of more than 20 1b in the past year.

Family History

The patient has 13 siblings, including one sister with anemia, but none with splenomegaly. His
father had “throat cancer” and his mother had colon cancer.

Medications

None.

Physical Examination

No lymphadenopathy. The spleen was palpable three finger-breadths below the left costal
margin. The liver was not palpable; there was no jaundice, and neurologic examination was
normal.

Courses

An abdominal CT scan demonstrated a homogeneously enlarged spleen. No lymph node en-
largement was seen. Bone marrow biopsy showed a hypercellular maturing trilineage hemato-
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poiesis. The patient was discharged, only to come back several days later with severe left upper
quadrant pain. Peripheral blood preoperatively showed target cells and mild lymphocytosis.
The serum was lipemic. Serum protein electrophoresis demonstrated an albumin at 2.8 g% and
all forms of globin at the lower limits of normal. Liver biopsy and laparoscopic splenectomy
were performed for a suspected splenic lymphoma. Liver biopsy was normal and the spleen
was enlarged 780 g. Cut section show a beefy red appearance, and touch imprint WG showed
many sea-blue histiocytes. Flow cytometry of the lymphocytes was not diagnostic for lym-
phoma. Renal biopsy demonstrated a membranous type of nephropathy with extramembranous
and intramembranous deposition of lipids.

Laboratory Results

Test Patient result Reference range
Hemoglobin 10.8 g/dL 14-18 g/dL
Hematocrit 31% 42-52%
MCV 82.9 1l 80-94 fi
MCH 29.1 pg 27-31 pg
MCHC 35 g/dl 32-36 g/dl
WBC count 6,200/uL. 4,800-10,800/uL
Lymphocytes 56% 20-45%
Platelet count 123,000/uL 150,000-375,000/uL
LDH 152 U/L 30-200 U/L
Urinalysis 300 mg protein, RBCs, WBCs
BUN 22 mg% 5-20 mg%
Cr 1.3 mg% 0.7-1.4 mg%
Peripheral blood  Target cells
Lipid profile Appearance—Tlipemic Clear
Triglycerides 3590 mg/dL 300 mg/dL
Total cholesterol 610 mg/dL 200 mg/dL
High-density cholesterol 12 mg% >35 mg%
Serum cholesterol ester 16% 60-70%
Special serology  LCAT activity decreased
Bone marrow Low iron stores, sea blue histiocytes
Questions

1. What is the diagnosis?
2. What are sea-blue histiocytes?
3. What is the significance of splenomegaly and lipemia?

4. What is the differential diagnosis?
Diagnosis
Lecithin:cholesterol aceyltransferase deficiency.
Discussion

Lecithin:cholesterol acyltransferase (L-CAT) is a membrane-bound plasma enzyme synthesized
in the liver, catalyzing the transfer of a fatty acid from lecithin to cholesterol to form cholest-
eryl esters and lysolecithin. The absence or deficiency of L-CAT leads to elevation of serum
free cholesterol, triglycerides, phospholipids, and a low esterified cholesterol. The deficiency
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of L-CAT may either be acquired or congenital. Acquired deficiency is secondary to liver
disease. The hereditary deficiency is familial, has an autosomal recessive pattern of inheritance,
and can be sometimes be traced to families of Scandinavian descent (1).

Hereditary deficiency of L-CAT is rare and appears in about equal frequency in both
sexes. Symptoms show toward the second decade of life and progress slowly. Deficiency of
this enzyme can result in a rare syndrome that includes diffuse corneal opacities, normocytic
normochromic anemia with target cells, sea-blue histiocytosis in the spleen (2), proteinuria,
and renal failure. There is heterogeneity in gene mutations as well as the clinical and laboratory
presentation. Two distinct phenotypes are observed: the classic L-CAT and “fish eye” disease.
Patients with fish eye disease have a selective defect in alpha-1.-CAT and a normal cholesterol
esterification. In contrast, classic L-CAT patients have abnormal cholesterol esters and in-
creased renal and hematologic abnormalities. The structural gene at chromosome 16¢22 usually
demonstrates point mutations leading to the production of an abnormal enzyme (3). Diagnosis
requires a high index of suspicion and evidence of impairment of enzyme mass or activity (or
both) and abnormalities of the lipid profile.

The kidney, the spleen, and to a lesser extent the bone marrow and peripheral blood are
affected. The spleen is enlarged in many cases, and sea-blue histiocytosis is a common finding
(2). Histologically, there are features found in storage disease: red pulp expansion with cordal
accumulation of foamy histiocytes and sea-blue histiocytes. Sea-blue histiocytes are phagocytic
histiocytes distended with phospholipid-rich granules and inclusions that have high affinity for
the blue dyes of Romanowsky stains (see Fig. 5). In the kidney, foam cells are present and
lipid is deposited in subendothelial spaces, mesangium, and glomerular basement membrane
under the epithelium as in membranous glomerulonephritis; the latter finding is associated with
nephrotic syndrome.

The bone marrow is usually normal but may also show scattered foam cells or sea-blue
histiocytes. The peripheral blood shows target cells secondary to an increased content of cho-
lesterol and lecithin in erythrocyte membrane.

Diagnosis can be established using several modalities. Serum is usually lipemic and shows
elevated free cholesterol/triglycerides and a low cholesterol ester, as in this case. L-CAT ac-
tivity is decreased (as in this case) or absent, and the protein is 0-60% of normal (4). Histo-
logically, the clues to the diagnosis include sea-blue histiocytes in the spleen or bone marrow
on WG-stained cytologic imprints, target cells in the peripheral blood, and the character-
istic splenic and kidney histopathology. Electron microscopy is useful and typically shows
dense and myelin bodies—lamellated membranous structures resembling onion rings or rose
petals. The kidney biopsy shows foam cells as well as a collection of serpiginous lipid myelin
bodies (5).

NOTE ADDED IN PROOFS

Since the manuscript was completed, there has been progress in separating splenic marginal
zone lymphoma from extranodal lymphomas of marginal zone origin (low-grade B cell lym-
phoma of MALT and monocytoid lymphoma) and this entity has been recognized in the prog-
ress report of the WHO Classification of Neoplastic Diseases of hematopoietic and lymphoid
tissues (9). In addition, blastic transformation of splenic marginal zone lymphoma is docu-
mented (10), which suggest that like other low grade lymphomas, rare transformation of this
entity is observed.
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The Non-Hodgkin’s Lymphomas and
Plasma Cell Dyscrasias

Lynne V. Abruzzo and L. Jeffrey Medeiros
University of Texas M.D. Anderson Cancer Center, Houston, Texas

. INTRODUCTION

Non-Hodgkin’s lymphomas (NHLs) are neoplasms that arise from either B or T lymphocytes,
or rarely from cells of the moncyte/histiocyte series. In benign lymph nodes, spleen, and other
lymphoid tissues, B and T lymphocytes are localized to different compartments. B cells are
concentrated in the follicles and medullary cords of the lymph nodes, and in the follicles of
the spleen. They proliferate and form secondary germinal centers in response to antigenic
stimulation. Plasma cells secrete immunoglobulin in the medullary cords of the lymph node. T
cells are concentrated in the paracortical regions of the lymph nodes, and within the periarterial
lymphoid sheaths of the spleen. They are also found in small numbers within lymphoid folli-
cles, where they induce B-cell differentiation. Histiocytes, the tissue counterparts of peripheral
blood monocytes, are found preferentially in the subcapsular and medullary sinuses of the
lymph nodes, and the cords of Billroth in the splenic red pulp. Most histiocytes are phagocytic;
a minority are specialized to present antigen to B and T lymphocytes.

Monoclonal antibodies that are specific for B-cell, T-cell, and histiocyte antigens have
become essential to the diagnosis and classification of lymphoid malignancies. Cell lineage
and stage of differentiation can be assessed with these antibodies. International workshops for
leukocyte typing have developed a standard nomenclature for these monoclonal antibodies.
Antibodies that react with the same antigen, or different epitopes of the same antigen, are
grouped into the same “cluster of differentiation,” or “CD.” There are now over 100 CDs
reported.

The hallmark of the B lymphocyte is its ability to synthesize immunoglobulin (Ig). Be-
cause B lymphocytes express either ¥ or A Ig light chain, staining for Ig light chain is used as
a marker of clonality. Since a neoplastic clone is derived from a single cell, all of the B cells
in a monoclonal population will express the same Ig light chain. In contrast, a polyclonal
proliferation of B cells, which is derived from many different precursor cells, will contain a
mixture of Igik and Igh positive cells. In addition to antibodies that react with immunoglobu-
lins, antibodies that react with pan-B-cell antigens and B-cell-associated antigens have been
developed. These antibodies are used to assess the lineage and stage of differentiation of B
cells.

Specific monoclonal antibodies also react with T lymphocytes and histiocytes. In contrast
to the clonal expression of Ig light chain by malignant B cells, there is no known marker of
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clonality that is expressed by T cells or histiocytes. However, monoclonal antibodies allow T
cells to be separated into subsets, and may demonstrate aberrant T-cell immunophenotypes.
Monoclonal antibodies have also shown that histiocytes are a heterogeneous population of cells
that contain subpopulations of phagocytic cells and specialized antigen-processing cells.

A small subset of NHLs, designated “null cell” neoplasms, fail to express all lineage-
specific markers. The frequency of “null cell” lymphomas is substantially lower (less than 1%
of NHLs) than in the past because of the availability of lineage-specific monoclonal antibodies
and molecular genetic studies for immunoglobulin and T-cell receptor gene rearrangements.

A. Classification of Non-Hodgkin’s Lymphomas

The Rappaport classification of NHL, introduced in 1956, was widely used by pathologists. In
this system, non-Hodgkin’s lymphomas were first divided by growth pattern, either nodular or
diffuse, and then divided by cytology. As knowledge accumulated, additional categories were
added to the Rappaport classification (Table 1).

The Rappaport classification was easy to learn, reproducible, and accepted by clinicians.
However, as our knowledge of the normal immune system increased, it became apparent that
the Rappaport classification was scientifically inaccurate. In an attempt to address the inaccura-
cies, and to relate lymphoid neoplasms more closely to their normal counterparts, new classifi-
cation systems were proposed. By the late 1970s, in addition to the classification system of
Rappaport, there were the Lukes and Collins, the Kiel, and several other lymphoma classifica-
tion systems. The resulting situation was one of confusion and controversy.

In an attempt to resolve these differences, the National Cancer Institute funded an interna-
tional study to test each of the major classification systems on more than 1000 NHLs that had
been staged and treated in a relatively consistent manner. The investigators involved in the
study jointly developed a Working Formulation of NHL for clinical use (Table 2). They pro-
posed that this formulation be viewed as a common language to be used by investigators to
translate one classification scheme into another, rather than as an alternative classification
system. It is important to emphasize that the Working Formulation was based purely on histo-
logic data; immunologic and molecular genetic data were not included.

Table 1 Modified Rappaport Classification

Nodular
Lymphocytic, poorly differentiated
Mixed lymphocytic-histiocytic
Histiocytic

Diffuse
Lymphocytic, well differentiated
Lymphocytic, intermediate differentiation
Lymphocytic, poorly differentiated
Mixed lymphocytic-histiocytic
Undifferentiated, Burkitt’s type
Undifferentiated, non-Burkitt’s type
Histiocytic
Lymphoblastic
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Table 2 International Working Formulation

Low grade
A. Malignant lymphoma, small lymphocytic
Consistent with chronic lymphocytic leukemia
Plasmacytoid
B. Malignant lymphoma, follicular, predominantly small cleaved cell
Diffuse areas
Sclerosis
C. Malignant lymphoma, follicular, mixed small cleaved and large cell
Diffuse areas
Sclerosis
Intermediate grade
D. Malignant lymphoma, follicular, predominantly large cell
Diffuse areas
Sclerosis
E. Malignant lymphoma, diffuse, small cleaved cell
Sclerosis
F. Malignant lymphoma, diffuse, mixed small and large cell
Sclerosis
Epithelioid cell component
G. Malignant lymphoma, diffuse, large cell
Cleaved
Noncleaved
High grade
H. Malignant lymphoma, large cell immunoblastic
Plasmacytoid
Clear cell
Polymorphous
Epithelioid cell
I. Malignant lymphoma, lymphoblastic
Convoluted cell
Nonconvoluted cell
J. Malignant lymphoma, small noncleaved
Burkitt’s
non-Burkitt’s
K. Miscellaneous
Composite
Mycosis fungoides
Histiocytic
Extramedullary plasmacytoma
Unclassifiable

B. The Revised European-American Classification of
Lymphoid Neoplasms

Since the International Working Formulation was published in 1982, immunophenotypic and
molecular genetic analyses of lymphoid neoplasms have shown that the categories in the Work-
ing Formulation are immunologically and molecularly heterogeneous. Recently, a group of
hematopathologists, the International Lymphoma Study Group, has proposed a new classifica-
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tion system, the Revised European-American Classification of Lymphoid Neoplasms (REAL)
(Table 3). This system incorporates morphologic, immunophenotypic, and molecular genetic
data into a provisional classification scheme that attempts to define disease-specific disease

entities. Studies are underway to correlate the diagnoses in the Revised European-American
Classification with the clinical data.

Il. PRECURSOR LYMPHOBLASTIC LYMPHOMA/LEUKEMIA

Lymphoblastic lymphoma (LBL) shares many clinical, histologic, and immunologic features
with acute lymphoblastic leukemia (ALL), and these entities appear to represent different clini-
cal manifestations of the same disease. Thus, in the recent proposal by the International Lym-
phoma Study Group, the term “precursor lymphoblastic leukemia/lymphoma” of either B-cell
or T-cell lineage is used to emphasize the close relationship between LBL and ALL. Approxi-

Table 3 Revised European-American Classification of Lymphoid Neoplasms

B-cell lymphoma

L Precursor B-cell neoplasm: Precursor B-lymphoblastic leukemia/lymphoma
II. Peripheral B-cell lymphomas
. B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma
. Lymphoplasmacytoid lymphoma/immunocytoma
. Mantle cell lymphoma
. Follicle center lymphoma
. Marginal zone B-cell lymphoma
Extranodal (MALT type + monocytoid B cells)
Provisional subtype: Nodal (= monocytoid B cells)
. Provisional entity: Splenic marginal zone lymphoma (tvillous lymphocytes)
. Hairy cell leukemia
. Plasmacytoma/myeloma
. B-cell large cell lymphoma
Subtype: Primary mediastinal (thymic) B-cell lymphoma
10. Burkitt’s lymphoma
11. Provisional entity: High-grade B-cell lymphoma, Burkitt’s-like
T-cell and putative NK-cell lymphomas
I. Precursor T-cell neoplasm: Precursor T-lymphoblastic lymphoma/leukemia
11. Peripheral T-cell and NK-cell neoplasms
1. T-cell chronic lymphocytic leukemia/prolymphocytic leukemia
2. Large granular lymphocyte leukemia (LGL).
T-cell type
NK-cell type
3. Mycosis fungoides/Sezary’s syndrome
. Peripheral T-cell lymphomas, unspecified
Provisional subtype: Hepatosplenic 0 T-cell lymphoma
Provisional subtype: Subcutaneous T-cell lymphoma
Angioimmunoblastic lymphoma
. Angiocentric lymphoma
. Intestinal T-cell lymphoma (£ enteropathy-associated; ITCL)
. Adult T-cell lymphoma/leukemia (ATL/L)
Anaplastic large cell lymphoma, CD30+, T- and null-cell types
. Provisional entity: Anaplastic large-cell lymphoma, Hodgkin’s-like
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mately 10-20% of all LBLs, and 80-90% of ALLSs, have a precursor B-cell immunophenotype.
Approximately 80-90% of LBLs, and 10-20% of ALLs, are of precursor T-cell lineage.

In both precursor B-cell and T-cell lymphoblastic lymphoma/leukemia (LBLL), patients
tend to be adolescents and young adults, males outnumber females in a 2:1 ratio, and wide-
spread, supradiaphragmatic lymphadenopathy is common. Patients with precursor B-cell LBLL
may present with disease in unusual sites, including subdiaphragmatic lymph nodes, skin and
bone. They rarely present with a mediastinal mass. In contrast, precursor T-cell LBLL occurs
with a peak incidence in the second decade of life, and most patients present with a mediastinal
mass. Peripheral blood involvement is seen in at least one-third of patients with precursor B-
cell and T-cell LBLL at presentation, and sometime during the clinical course in most patients
who die from the disease. Bone marrow and central nervous system involvement at presenta-
tion are adverse prognostic signs. Unless they receive aggressive therapy, patients have a rap-
idly progressive downhill course with dissemination of tumor to the bone marrow and cerebro-
spinal fluid. Children and adolescents with LBLL respond favorably to therapeutic regimens
designed after those used for ALL, which differ from those used for other clinically high-grade
NHL. Adults with precursor LBLL appear to require more aggressive therapy.

The histologic findings in precursor B-cell and T-cell LBLL are identical. The normal
lymph node architecture is effaced by a diffuse and relatively monotonous proliferation of
small to medium-sized cells that have a tendency to stream out into perinodal tissues. The
neoplastic cells have fine nuclear chromatin and scant cytoplasm (Fig. 1). The nuclei may be
either convoluted or round. Mitotic figures are numerous, and a “starry sky” pattern, which
results from individually necrotic cells having been ingested by macrophages, may be seen.
No histologic features correlate with the immunophenotype of the neoplastic cells.

Figure 1 Precursor T-cell lymphoblastic lymphoma. The neoplastic cells are small with blastic chroma-
tin and scant cytoplasm. (Hematoxylin-eosin, 528X.)
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The immunophenotypes of precursor LBLL reflect the sequence of antigen expression by
non-neoplastic lymphoid cells during development. Precursor B-cell LBLL initially express the
CD10 (CALLA; common acute lymphoblastic leukemia antigen) and CD19 antigens on their
surfaces, followed by CD22, and then CD20. These antigens are detectable in the cytoplasm
before they are expressed on the cell surface. The neoplastic cells do not express surface
immunoglobulin.

Precursor T-cell LBLL express T-cell antigens in patterns that correspond closely to the
stages of normal thymocyte differentiation. The earliest precursor T-cell LBLLs correspond to
the prothymoctye stage. They express the T-cell antigens CD2 and CD7. The CD7 antigen
is the earliest T-cell-specific antigen, and is expressed before T-cell receptor P-chain gene
rearrangement. The CD2 antigen is the E rosette receptor. They also express the activation
antigen CD38 and the proliferation marker CD71, the transferrin receptor. T-cell neoplasms
that correspond to the cortical thymocyte stage express the CD1 and CD5 antigens, and are
either CD4— CD8~ or CD4+ CD8+. At this stage the CD3 antigen is present in the cytoplasm,
but may not be expressed on the cell surface. Thus, it may be detected by immunohistochemi-
cal stains, but not by flow cytometry. T-cell LBLL of the late cortical or medullary stage of
thymic differentiation express surface CD3 antigen, and either a T-helper/inducer (CD4+
CD8-) or T-suppressor/cytotoxic (CD4— CD8+) immunophenotype.

An extremely useful marker in the diagnosis of both precursor B-cell or T-cell LBLL is
terminal deoxynucleotidyl transferase (TdT). TdT is a distinct type of DNA polymerase that is
normally present only in immature lymphocytes. It is involved in the process of gene rearrange-
ment, and is believed to add extra nucleotide bases between the variable (V), diversity (D),
and joining (J) regions of the genes undergoing rearrangement.

Similar to surface antigen expression, the antigen receptor genes appear to rearrange se-
quentially, with a developmental hierarchy. Ig heavy-chain gene rearrangement is followed by
kappa light-chain and then lambda light-chain gene rearrangement, if neither Ig kappa light-
chain gene allele is functionally rearranged. Precursor B-cell LBLL always contain Ig heavy-
chain gene rearrangements. More mature neoplasms also have Ig light-chain gene rearrange-
ments.

Precursor T-cell LBLL also show patterns of T-cell receptor (TCR) gene rearrangement
that correspond to the stages of T-cell differentiation. The TCRd gene rearranges first, followed
by the TCRy and the TCRJ genes; the TCRa locus rearranges last. In a small subset of cases
of T-cell LBLL with an early thymic immunophenotype, only rearrangements of the TCRS
and/or TCRY genes may be identified. In the remaining T-cell LBLL with early thymic or mid
to late thymic immunophenotypes, all of the TCR genes are rearranged.

Lineage infidelity or promiscuity is common in precursor LBLL. Immunoglobulin heavy-
chain gene rearrangements occur in approximately 30% of precursor T-cell neoplasms Simi-
larly, TCR gene rearrangements occur in up to 80% of precursor B-cell LBLL.

Many nonrandom chromosomal translocations have been identified in precursor B-cell and
T-cell LBLL. These translocations may be divided into two groups. In one group, and onco-
gene is brought into continuity with an antigen receptor gene locus. This results in deregulated
expression of the corresponding protein, but a fusion protein is not created. In the other group,
two nonantigen receptor gene loci are joined to form a fusion gene. This results in a chimeric
protein that posesses novel structural and functional features. In precursor B-cell neoplasms,
the most common translocations are t(9;22), t(1;19), and translocations that involve 11g23. In
precursor T-cell neoplasms, the t(1;14)(p32;q11) and del 1p may be most common.

The 1(9;22)(q34;q11), also known as the Philadelphia chromosome, is one of the most
common chromosomal translocations. It is detected in 5% of children and approximately 20—
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25% of adults with precursor B-cell ALL. This translocation joins the c-abl gene at chromo-
some 9q34 with the ber locus at 22q11. It results in a chimeric mRNA transcript that encodes
a fusion protein with increased tyrosine kinase activity.

The t(1;19) is commonly found in precursor B-cell lymphoblastic leukemia of “pre-B cell”
(cytoplasmic IgM positive) type. This translocation joins the E2A gene on chromosome 1 with
the PbxI gene on chromosome 19. A chimeric transcription factor is produced that is believed
to deregulate genes involved in leukemogenesis. Similarly, translocations that involve 11923,
such as t(4;11), t(9;11), and t(11;19), occur in infants with precursor B-cell lymphoblastic
leukemia. This translocation involves the MLL gene on chromosome 11q23. These infants
present with a high white blood cell count, have an increased frequency of central nervous
system involvement, and have a poor prognosis. The t(1;14)(p32;q11) has been described in
up to 30% of cases of precursor T-cell lymphoblastic leukemia. In this translocation the tal-1
gene (also know as SCL and fcl-5) and the SIL gene are joined as a result of illegitimate
recombination.

. NON-HODGKIN’S LYMPHOMAS OF MATURE
B-CELL LINEAGE

A. B-Cell Chronic Lymphocytic Leukemia/Small
Lymphocytic Lymphoma

Because the malignant cells usually resemble small, mature-appearing lymphocytes, this neo-
plasm has been classified as well differentiated lymphocytic lymphoma (Rappaport) and malig-
nant lymphoma, small lymphocytic type (Working Formulation). The cytology and immuno-
phenotype of the malignant cells of chronic lymphocytic leukemia (CLL) and nodal-based
small lymphocytic lymphoma (SLL) are identical. Although patients with SLL present with
lymphadenopathy, subclinical peripheral blood involvement can be found in many cases and
progression to CLL occurs frequently. Conversely, many patients with CLL subsequently de-
velop lymph node involvement. They are classified as B-cell chronic lymphocytic leukemia/
small Iymphocytic lymphoma (B-CLL/SLL) in the Revised European-American classification
because they are believed to represent different manifestations of the same disease (See Chapter
9, “Chronic Leukemias™).

Lymph nodes involved by CLL/SLL show effacement of the normal lymph node architec-
ture by a proliferation of lymphoid cells with a diffuse growth pattern. Rarely the growth
pattern may be vaguely nodular. The neoplastic cells are predominantly small round lympho-
cytes with inconspicuous nucleoli, clumped chromatin, scant cytoplasm, and infrequent mitotic
figures (Fig. 2a). However, slightly larger lymphoid cells with more prominent nucleoli (pro-
lymphocytes) and larger cells with round vesicular nuclei and central nucleoli (paraimmu-
noblasts) are also found. Prolymphocytes and paraimmunoblasts may be scattered throughout
the neoplasm or they may form clusters called “proliferation centers” or “pseudofollicular
growth centers” (Fig. 2b). At low power, proliferation centers may impart a vaguely nodular
appearance. Although mitotic figures may be seen in proliferation centers, the presence of
proliferation centers does not indicate a more aggressive course. However, cases of CLL/SLL
with a high mitotic rate (>30 mitotic figures per 20 high-power fields) and necrosis behave
more aggressively, and have been designated by some investigators as being in “accelerated
phase.”

The immunophenotype of CLL/SLL is characteristic. The neoplastic cells express mono-
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clear chromatin. (b) Proliferation centers with prolymphocytes and paraimmunoblasts help to distinguish

Figure 2 B-cell small lymphocytic lymphoma. (a) The neoplastic cells are small with condensed nu-
B-cell small lymphocytic lymphoma from mantle cell lymphoma. (Hematoxylin-eosin, 528X.)
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typic surface IgM (dim) and usually IgD (k> A), and the pan-B-cell antigens CD19, CD20
(dim), and CD79a. The B-cell-associated antigens CD21 and CD23 are usually positive, and
CD10 (CALLA) is usually negative. The cells express the CD5 antigen, a pan-T-cell antigen
that is also expressed on a small subpopulation of normal B-cells. Expression of CDS5 is charac-
teristic of CLL/SLL and mantle cell lymphoma. However, CLL/SLL is usually CD23-positive
and mantle cell lymphoma is usually CD23-negative.

Molecular genetic studies of the antigen receptor genes in CLL/SLL have demonstrated
rearrangement of the Ig heavy and light chain genes. The TCR genes are usually in the germ-
line configuration, although occasional cases may have TCR gene rearrangement, i.e., lineage
promiscuity.

Chromosomal abnormalities have been found in CLL/SLL. Trisomy 12 is most common
and is seen in approximately one-third of cases. However, chromosomal translocations are
unusual. Approximately 5-10% of cases of CLL/SLL contain the t(2;18) or t(18;22). These
translocations juxtapose the bcl-2 oncogene at 18q21 with the kappa (2p13) or lambda (22q11)
light chain genes. Rare cases have been reported to contain the t(14;18)(q32;q21), which is
characteristic of follicle center cell lymphomas.

Chronic lymphocytic leukemia/small lymphocytic lymphoma may undergo histologic pro-
gression to diffuse large cell or large cell immunoblastic lymphoma; this phenomenon has been
given the eponym Richter’s syndrome. Most cases of large cell NHL that arise in the setting
of CLL/SLL have been shown to represent histologic progression of the neoplastic clone.
Immunophenotypic and molecular diagnostic studies have demonstrated that both neoplasms
express the same immunoglobulin light chain, have the same chromosomal abnormalities, or
have an identical pattern of immunoglobulin gene rearrangements. However, in a subset of
cases, the large cell NHL and the CLL/SLL have different molecular genetic findings. Al-
though some of these large cell lymphomas may represent transformation, others may have
arisen independently. Infrequently, patients with CLL/SLL develop neoplasms that morpholog-
ically and immunophenotypically resemble Hodgkin’s disease, designated as the Hodgkin’s
variant of Richter’s transformation.

B. Lymphoplasmacytoid Lymphoma/immunocytoma

These neoplasms have been classified as well-differentiated lymphocytic lymphoma-plasmacy-
toid (Rappaport) and malignant lymphoma, small lymphocytic, plasmacytoid (Working Formu-
lation). Many different types of NHL may exhibit plasmacytoid differentiation, and previously
have been designated lymphoplasmacytoid lymphoma/immunocytoma (LPL/T). However, the
Revised European-American classification recommends that the term LPL/I be reserved for
those neoplasms that are associated with a monoclonal IgM paraprotein, and often with the
syndrome of Waldenstrom’s macroglobulinemia. Some observers use the term Waldenstrom’s
macroglobulinemia as a pathologic diagnosis; we prefer to consider Waldenstrom’s macroglob-
ulinemia as a clinical syndrome, usually associated with LPL/I.

Patients with LPL/I may present with a variety of signs and symptoms, including bleeding
from mucous membranes, lymphadenopathy, hepatosplenomegaly, peripheral neuropathy, and
central nervous system abnormalities. Constitutional symptoms are anemia and more common
than in patients with CLL/SLL. Most patients have a monoclonal serum IgM paraprotein,
greater than 1 g/dL; one-third of patients develop hyperviscosity and the clinical syndrome of
Waldenstrom’s macroglobulinemia. Lymphadenopathy is generalized, but is usually modest
compared to CLL/SLL. Hepatosplenomegaly is common. Involvement of peripheral blood and
extranodal sites is relatively uncommon. Analogous to Richter’s syndrome in CLL/SLL, some
patients with LPL/I subsequently develop a high-grade NHL.
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Lymph nodes involved by LPL/I tend to retain their underlying architecture. The neoplas-
tic cells preferentially involve the medullary cords and paracortex, and spare the sinuses. The
cells infiltrate the capsule and extend into the perinodal adipose tissue. The neoplastic cells
show a spectrum of differentiation that ranges from small mature-appearing lymphocytes to
plasma cells. The extent of plasmacytoid differentiation varies between cases, and may be
subtle or marked. The neoplastic cells may contain cytoplasmic globules (Russell bodies) or
intranuclear pseudo-inclusions (Dutcher bodies) of IgM. In the bone marrow, the neoplasm
may focally or extensively involve the medullary space in a nodular (but not truly follicular)
or diffuse pattern. Particularly in the bone marrow, cytologic evidence of plasmacytoid differ-
entiation may not be apparent.

Immunophenotypic studies have shown that LPL/I express monotypic surface IgM (k > L)
and pan-B-cell antigens such as CD19, CD20, and CD22. They are negative for IgD and T-
cell antigens, including CD5. In cases with more extensive plasmacytoid differentiation, the
neoplastic cells may lose surface expression of CD20 antigen and immunoglobulin, and may
express cytoplasmic immunoglobulin, like normal plasma cells. The cells also express plasma
cell-associated antigens, such as CD38.

As expected for a neoplasm of mature B-cells, the Ig heavy and light chain genes show
clonal rearrangements, and the TCR genes are usually in the germline configuration. There
are no characteristic chromosomal abnormalities, although numerical abnormalities have been
reported rarely.

C. Mantle Cell Lymphoma

The term mantle cell lymphoma (MCL) has been suggested recently as the most appropriate
name for a neoplasm previously known as malignant lymphoma, intermediate lymphocytic
type; lymphocytic lymphoma of intermediate differentiation; centrocytic lymphoma; and man-
tle zone lymphoma. The majority of these neoplasms would be classified as malignant lym-
phoma, diffuse small cleaved cell type, in the Working Formulation.

Patients with MCL are usually older adult men with generalized disease. The male-to-
female ratio is approximately 3 to 1. Most patients present with stage III or IV disease. Most
have generalized lymphadenopathy and bone marrow involvement. The liver and spleen are
commonly involved. Peripheral blood involvement is unusual and is associated with a poor
prognosis. However, subclinical peripheral blood involvement can be detected frequently with
sensitive molecular diagnostic techniques. Extranodal disease may occur, usually in association
with lymph node involvement. Patients may present with numerous polyps involving the gas-
trointestinal tract below the level of the gastrointestinal junction, referred to in the literature as
multiple lymphomatous polyposis of the intestine. Although MCL are composed of small,
relatively mature-appearing lymphoid cells, they behave aggressively.

The lymph node architecture is effaced by a proliferation of lymphoid cells with a diffuse
or vaguely nodular growth pattern. In some cases the malignant cells selectively involve the
mantle zones that surround reactive germinal centers, and give the neoplasm a mantle zone
pattern. The infiltrate of MCL is composed of a monotonous population of small lymphoid
cells with slightly to clearly irregular nuclear contours, clumped chromatin, and scant cyto-
plasm (Fig. 3). Although MCL show a wide spectrum of nuclear irregularity between cases, in
an individual case the neoplastic cells are uniform. In contrast to CLL/SLL, pseudo-follicular
growth centers, large transformed-appearing cells, and cells with plasmacytoid differentiation
are not seen in MCL.

Unlike CLL/SLL, MCLs do not transform to large cell lymphoma. However, in a subset
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Figure 3 Mantle cell lymphoma. The neoplastic cells are small with condensed nuclear chromatin and
slightly irregular nuclear contours. The infiltrate is monotonous. (Hematoxylin-eosin, 528X.)

of MCLs, the neoplastic cells are slightly larger with finely dispersed nuclear chromatin and
mitotic figures are numerous. These neoplasms have a more aggressive clinical course, and are
designated the blastoid variant of MCL.

Immunophenotypic studies have demonstrated that MCLs express monotypic surface IgM
and IgD, and pan-B-cell antigens. In contrast to other B-cell neoplasms, MCLs are more likely
to express lambda than kappa immunoglobulin light chains. Like CLL/SLL, the neoplastic
cells express the CD5 antigen. However, CLL/SLL is usually CD23-positive and MCL is
usually CD23-negative. In addition, the density of CD20 antigen and immunoglobulin on the
surface of MCL cells is characteristically dense, or “bright” by flow cytometry.

MCLs have clonal rearrangements of the Ig heavy and light chain genes. The TCR genes
are usually in the germline configuration. Most cases of MCL contain evidence of the t(11;
14)(q13;q32), either by conventional cytogenetic analysis or by molecular diagnostic tech-
niques. This translocation juxtaposes the immunoglobulin heavy-chain regulatory region on
chromosome 14 with the bcl-1 gene (also known as PRAD-1) on chromosome 11, and results
in overexpression of the corresponding protein, cyclin D1, a cell cycle protein that is not

normally expressed by lymphoid cells. It is believed that the cells are unable to exit the cell
cycle.

D. Follicle Center Cell Lymphoma, Follicular
Follicle center cell lymphomas have been previously designated as nodular (Rappaport), and

follicular (Working Formulation). The natural history of follicle center cell lymphomas is to
become diffuse and accumulate large lymphoid cells. The recent Revised European-American
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Classification emphasizes that all follicle center cell lymphomas are the same biologic entity,
at different stages of disease evolution.

Follicle center lymphoma (FCL) is the most common type of NHL in the United States,
and comprises approximately 20% of adults with NHL. These NHL affect primarily older
adults, with a peak incidence in the fifth and sixth decades. They are rare in patients under the
age of 20 years. Men and women are equally affected. Whites are affected more often than
blacks. Most patients have clinical stage III or IV disease at the time of diagnosis. Involvement
of the lymph nodes, spleen, liver and bone marrow is common. Some patients with FCL
present with or develop clinical evidence of leukemia. The characteristic cell in the peripheral
blood has a deeply clefted nucleus and has been referred to as a “buttock cell.” Leukemic
involvement does not appear to influence prognosis, unless the peripheral white blood cell
count is high. Subclinical involvement of the peripheral blood is common when sensitive tech-
niques, such as Southern blot hybridization, are used.

In spite of the presence of widespread disease, patients with FCL composed of predomi-
nantly small cleaved lymphoid cells (grade I) have relatively long survival. Progression from
a purely follicular to a follicular and diffuse pattern is common, and the presence of a diffuse
component without a significant increase of large lymphoid cells does not affect survival. As
the number of large lymphoid cells increases, the tumor becomes a mixture of small cleaved
and large cells (grade II), and then is composed of predominantly large lymphoid cells (grade
IID). A diffuse component usually accompanies the increased number of large cells. Patients
with mixed FCL also have an indolent clinical course, although their survival is shorter than
patients with grade I neoplasms. Patients with grade III FCL clearly have a more aggressive
clinical course than patients with other subtypes of FCL, and require aggressive therapy.

The lymph node architecture is partially or completely effaced by neoplastic follicles, with
a paucity of interfollicular tissue (Fig. 4). A large absolute number of follicles has been found
to be the most reliable criterion of lymphoma. Unlike the lymphoid follicles in reactive follicu-
lar hyperplasia, the follicles of follicle center cell lymphoma are of relatively uniform size,
lack a well-defined lymphoid cuff, and lack polarization of germinal centers. Tingible body
macrophages are usually less frequent in neoplastic follicles than in reactive follicles. Plasma-
cytoid differentiation is rare in all subtypes of FCL.

The distinction between grade I, I and III FCL is based on arbitrary criteria that are not
shared by all pathologists. At the NCI, the distinction between grades has been based on the
counting of the number of large noncleaved lymphoid cells present. In grade I, predominantly
small cleaved cell subtype, large lymphoid cells are infrequent (Fig. 5). In grade II, mixed
small cleaved and large cell subtype, the neoplastic follicles contain > 5 large lymphoid cells
per 400x microscopic field. In grade III, the neoplastic follicles are composed predominantly
of large noncleaved lymphoid cells. In neoplasms in which the neoplastic follicles contain
different mixtures of cells, we grade the neoplasm on the basis of the follicles with the greatest
number of large noncleaved lymphoid cells.

Immunophenotypic studies have shown that FCL are neoplasms of mature B-cell lineage.
Most grade I and II neoplasms strongly express surface Ig, but up to 50% of grade Il neo-
plasms are Ig-negative. Of the neoplasms that express Ig, most express IgM (x > A). However,
approximately 25% express IgG or IgA. All FCL strongly express pan-B-cell markers such as
CD19, CD20, and CD22, and most are positive for the B-cell-associated antigen CD10
(CALLA). The B-cell antigens CD21 and CD23, and all T-Cell antigens, including CD35, are
negative.

Follicle center lymphomas have rearrangements of the Ig heavy and light chain genes. The
TCR genes are usually in the germline configuration. The molecular hallmark of FCL is the
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Figure 4 Follicle center lymphoma, follicular. The neoplasm has a nodular growth pattern that mimics
normal lymphoid follicles. (Hematoxylin-eosin, 53X.)

t(14;18)(q32;q21) chromosomal translocation. Cytogenetic and molecular genetic analyses
have demonstrated the t(14;18) in more than 90% of cases. This translocation juxtaposes the
bcl-2 oncogene on chromosome 18g21 with the joining region of the Ig heavy chain gene on
chromosome 14q32. It results in the overexpression of bcl-2 protein, which prevents pro-
grammed cell death (apoptosis).

E. Marginal Zone B-Cell Lymphoma

This category in the Revised European-American Classification includes low-grade lymphomas
that were originally designed as low-grade B-cell lymphoma of the mucosa-associated lym-
phoid tissue (MALT) and monocytoid B-cell lymphoma. Both MALT-lymphoma and monocyt-
oid B-cell lymphoma are thought to represent different clinical presentations of the same B-
cell neoplasm. Splenic marginal zone lymphoma is closely related to these neoplasms. Mono-
cytoid B-cell lymphoma, low-grade B-cell lymphoma of MALT, and splenic marginal zone
lymphoma are believed to arise from normal marginal zone B-cells in the lymph node, their
extranodal counterparts, or spleen, respectively. A feature shared by all of the marginal zone
B-cell lymphomas is that they have distinctive histologic findings that are not easily or repro-
ducibly classified in previously published classification schemes.

1. Low-Grade B-Cell Lymphoma of Mucosa-Associated Lymphoid
Tissue (MALT)

Before the advent of immunologic and gene rearrangement techniques, the diagnosis of extra-

nodal low-grade B-cell lymphoma was made infrequently in patients without a history of nodal
low-grade NHL. Instead, extranodal infiltrates composed of small round or slightly irregular
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Figure 5 Follicle center lymphoma, follicular, cytologic grade I (predominantly small cell). The cellu-
lar composition is monotonous. The neoplasm is composed predominantly of small cleaved cells with
occasional large noncleaved cells. (Hematoxylin-eosin, 528X.)

lymphoid cells, often admixed with plasma cells, histiocytes, and lymphoid follicles were clas-
sified as “pseudo-lymphomas,” since clinical studies showed that these lesions pursued an
indolent clinical course. Immunophenotypic and gene rearrangement studies have since shown
that most “pseudo-lymphomas” express monotypic Ig light chain and contain clonal Ig gene
rearrangements. Thus, these lesions are now classified as low-grade B-cell lymphomas, and
most cases represent low-grade B-cell lymphomas of MALT.

Low-grade B-cell lymphomas of MALT were originally recognized by Isaacson and
Wright as a subset of gastrointestinal lymphomas in European patients that resembled immuno-
proliferative small intestinal disease (also know as Mediterranean lymphoma). Isaacson and
colleagues then identified similar neoplasms arising in the lung and salivary gland, and sug-
gested that these neoplasms arose from lymphoid tissue associated with mucosal surfaces.
However, MALT-lymphomas were identified subsequently in a variety of extranodal sites in-
cluding the thyroid gland, thymus, breast, conjunctiva, gallbladder, cervix, larnyx, trachea,
skin, and kidney, as well as other sites. Thus, the term MALT lymphoma is somewhat mislead-
ing, since not all MALT-lymphomas arise in mucosal surfaces. Two common findings in
MALT-lymphomas are the presence of glandular epithelium and chronic inflammation, either
preceding or accompanying the tumor. For example, Sjogren’s syndrome is common in patients
with low-grade B-cell lymphoma of salivary gland MALT.

Both low-grade and high-grade lymphomas arising in MALT have been recognized. Since
high-grade MALT lymphomas and high-grade nodal lymphomas behave similarly, we will
focus this discussion on the distinctive clinical and histologic features of low-grade MALT-
lymphomas.
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Clinically, low grade B-cell lymphomas of MALT tend to remain localized for prolonged
intervals. Patients may present with a long history of clinical findings that may be confused
with an inflammatory process. When MALT lymphomas disseminate, they tend to spread to
other extranodal sites, unlike nodal low-grade lymphomas. Despite the indolent clinical behav-
ior of localized low-grade B-cell lymphomas of MALT, patients with disseminated MALT-
lymphomas behave similarly to patients with disseminated nodal low-grade B-cell lymphomas.

Four histologic findings are present in most low-grade B-cell lymphomas of MALT: a
population of centrocyte-like cells, lymphoepithelial lesions, reactive lymphoid follicles, and
occasional large lymphoid cells. The neoplastic centrocyte-like (CCL) cells exhibit a range
of cytologic appearances: lack of nucleoli, small lymphocytes (which may show plasmacytic
differentiantion), monocytoid B cells, and small cleaved lymphocytes. Some of the neoplasms
are biphasic, one component of small lymphoid cells with scant cytoplasm and the other com-
ponent with extension plasmacytoid differentiation.

The CCL cells have a marked tendency to invade epithelium and form small clusters or
larger aggregates, called lymphoepithelial (LE) lesions (Fig. 6). In the stomach, LE lesions in
small endoscopic biopsy specimens are diagnostically helpful because they usually correlate
with malignancy. At other MALT sites, LE lesions may be found in both benign and malignant
processes. Reactive lymphoid follicles are usually present in MALT lymphomas, and are usu-
ally surrounded by neoplastic CCL cells (Fig. 7). The CCL cells may infiltrate the follicles
(referred to as “follicular colonization”) and give the neoplasm a nodular appearance on low
magnification. However, these neoplasms are not truly of follicle center cell origin.

Although the features described above are common to all low-grade B-cell lymphomas of
MALT, there are site-specific differences. For example, lymphoid tissue is not normally pres-

Figure 6 Marginal-zone B-cell lymphoma (low-grade B-cell lymphoma of MALT). The neoplastic
cells invade the gastric epithelium to form lymphoepithelial lesions. (Hematoxylin-eosin, 264X.)
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Figure 7 Marginal-zone B-cell lymphoma (low-grade B-cell lymphoma of MALT). The neoplastic
cells surround a reactive germinal center. (Hematoxylin-eosin, 264X.)

ent in the stomach. Benign gastric MALT is acquired, probably in response to Helicobacter
pylori infection. Approximately 30% of cases of H. Pylori-induced chronic gastritis are associ-
ated with lymphoid follicles. Over 90% of gastric MALT lymphomas are associated with H.
pylori infection. Recent reports also have shown that benign MALT tissue and low-grade B-
cell lymphomas of gastric MALT may regress following antibiotic therapy appropriate for H
pylori.

In the normal adult lung, MALT tissue is poorly developed, and inflammatory conditions
usually precede the development of low-grade B-cell lymphoma of pulmonary MALT. Two
inflammatory diseases that are frequently associated with pulmonary MALT lymphoma are
Sjogren’s syndrome and lymphoid interstitial pneumonia. Similarly, low-grade B-cell MALT
lymphomas of the salivary gland are usually associated with Sjogren’s syndrome, and Hashi-
moto’s thyroiditis often precedes MALT lymphomas of the thyroid gland.

Immunophenotypic studies have shown that low-grade B-cell lymphomas of MALT ex-
press monotypic IgM (x > A) and pan-B-cell antigens. They typically do not express IgD, the
B-cell-associated antigens CD10, CD21, or CD23, and the T-cell antigens, including CD35.

Low-grade B-cell lymphomas of MALT have clonal Ig heavy- and light-chain gene re-
arrangements. TCR genes are usually in the germline configuration. There are no known spe-
cific chromosomal abnormalities associated with lymphomas. However, trisomy 3 has been
identified by FISH in approximately half of low-grade B-cell lymphomas of MALT.

2. Monocytoid B-Cell Lymphoma

Monocytoid B-cells may be found adjacent to the sinuses in a variety of lymphoid hyperplasias,
most typically in toxoplasma lymphadenitis and AIDS-associated lymphoid hyperplasia. These
cells have cytologically bland oval to reniform nuclei and abundant clear cytoplasm with easily
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appreciated cell membranes. Malignant lymphomas have been recognized that morphologically
and immunophenotypically resemble monocytoid B-cells, and have been called “monocytoid
B-cell lymphoma” (MBCL) (Fig. 8). These neoplasms are believed to arise from the lymph-
node marginal zone, the nodal counterpart of low-grade B-cell lymphomas of MALT.

Patients with MBCL are usually elderly, and women are affected more often than men. Most
patients present with lymphadenopathy, usually clinical stage I or I, that involves lymph nodes
of the cervical and parotid regions. The parotid gland is involved in 10-20% of patients, and
most of these patients have Sjogren’s syndrome. In less than one-third of cases, patients present
with widespread disease. Liver, spleen, and bone marrow involvement are uncommon, even in
patients with disseminated disease. When nodal and extranodal sites are involved concurrently,
the neoplasm in extranodal sites closely resembles low-grade B-cell lymphoma of MALT.

Most patients reported with localized MBCL respond well to localized therapy, either
surgical excision or local irradiation. Patients with generalized disease respond more poorly to
therapy, similar to patients with other types of low-grade nodal NHL. Patients with high clini-
cal stage disease are also at greater risk for transformation to high-grade lymphoma, and pa-
tients may develop composite lymphoma (i.e., MBCL coexistent with another type of NHL).

Lymph nodes involved by MBCL have a pale appearance due to the abundant clear cyto-
plasm of the neoplastic cells. Monocytoid B-cell lymphomas have a propensity to involve the
marginal zones and surround the sinuses of the lymph node. In most cases, MBCL either
completely efface the lymph node architecture, or involve the marginal zones and perisinusoi-
dal regions, infiltrate the perifollicular compartments of the lymph node, and spare the germinal
centers. In a minority of cases, the neoplasm is confined to the perisinusoidal region and is

Figure 8 Marginal-zone B-cell lymphoma (monocytoid B-cell lymphoma). The neoplastic cells have
small nuclei with round to slightly irregular nuclear contours, condensed chromatin, and abundant clear
cytoplasm with discernible cell borders. (Hematoxylin-eosin, 528X.)
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difficult to distinguish from reactive monocytoid B-cell hyperplasia without immunopheno-
typic or gene rearrangement studies.

Immunophenotypic studies have shown that MBCLs are mature B-cell neoplasms that
express monotypic Ig (k> A), usually IgM, and pan-B-cell antigens. The cells usually do not
express IgD or the B-cell-associated antigens CD10, CD21, and CD23. They are negative for
pan-T-cell antigens, including CDS5.

Monocytoid B-cell lymphomas have clonal Ig heavy- and light-chain gene rearrangements.
The TCR genes are usually in the germline configuration. Although conventional cytogenetic

studies have identified a variety of abnormalities, no characteristic chromosomal translocations
have been described.

3. Splenic Marginal Zone Lymphoma

These neoplasms are believed to arise from splenic marginal-zone B cells, and are closely
related to other marginal-zone B-cell lymphomas. Splenic marginal zone lymphoma (SMZL)
is currently recognized as a provisional category in the Revised European-American Classifica-
tion. Cases with prominent peripheral blood involvement also have been called splenic B-cell
lymphoma with villous lymphocytes. ‘

Patients with SMZL are usually elderly, and women are affected more commonly than
men. Patients usually present with marked splenomegaly, and often have anemia and/or throm-
bocytopenia. Systemic symptoms are usually absent. Most patients have generalized disease
with involvement of lymph nodes, liver, and bone marrow in addition to the spleen. When the
peripheral blood is involved, the neoplastic cells often have irregular or villous cytoplasmic
projections and resemble hairy-cell leukemia cells. Most patients with SMZL have clinically
indolent disease. However, some patients may have a more aggressive course, as is the case
for other marginal zone B-cell lymphomas.

In the spleen the neoplastic cells preferentially involve the marginal zones that surround
the lymphoid follicles of the white pulp. When the infiltrate is extensive, the cells replace the
lymphoid follicles and extend into the red pulp. The neoplastic cells have central round, bland
nuclei and relatively abundant clear cytoplasm. Mitotic figures are rare. Occasional large lym-
phoid cells are always present. SMZL that involves lymph nodes resembles MBCL.

Immunophenotypic studies have shown that SMZCLs are mature B-cell neoplasms. They
express monotypic Ig light chain (k> A), usually IgM and IgD, and pan-B-cell antigens. A
subset express IgG and are IgD negative. The neoplastic cells usually express the B-cell-
associated antigen CD21, but usually fail to express the B-cell antigens CD10 and CD23. They
are negative for the pan-T-cell antigens, including CD35. Unlike hairy cell leukemia, SMZL are
negative for the CD11c and CD25 antigens, and for tartrate resistant acid phosphatase (TRAP).

Relatively few cases of SMZCL have been studied using molecular techniques. Splenic
marginal-zone cell lymphomas contain clonal Ig heavy- and light-chain gene rearrangements.
The TCR genes are in the germline configuration. There are no known specific chromosomal
abnormalities.

F. Diffuse Large B-Cell Lymphoma

1. General Features

This category as defined in the Revised European-American Classification includes neoplasms
previously designated as diffuse histiocytic lymphoma (Rappaport), and the categories of dif-
fuse mixed small and large cell, diffuse large cleaved or noncleaved cell, and large cell immu-
noblastic (Working Formulation).
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Diffuse large B-cell lymphomas (DLBCL) are aggressive neoplasms. These neoplasms
have a diffuse growth pattern. They are composed of neoplastic cells with nuclei greater in
size than the nuclei of benign macrophages, which are always admixed with the neoplastic
cells. Mitotic figures are usually numerous. In the Working Formulation, the neoplastic cells
are described as large cleaved cells, large noncleaved cells, and immunoblasts Although many
neoplastic large B cells fit these cytologic categories, neoplastic large cells exhibit a spectrum
of differentiation and often have intermediate cytologic features. Furthermore, diffuse large B-
cell lymphomas are commonly composed of a mixture of these cell types. While some clinical
studies have suggested a poorer prognosis for immunoblastic lymphomas as compared with
large-cell lymphomas, other studies have not found any differences in the clinical features or
response to therapy. For these reasons, large cleaved, large noncleaved, and large-cell immu-
noblastic B-cell lymphomas are combined into one category, diffuse large B-cell lymphoma,
in the Revised European-American Classification.

Immunophenotypic studies have shown that DLBCL are neoplasms of mature B-cell lin-
eage. Approximately two-thirds of cases express monotypic Ig (k> L), usually IgM. A subset
of cases express IgA or IgG; IgD is usually negative. Approximately one-third of DLBCL
are surface immunoglobulin-negative. Plasmacytoid lymphomas commonly express monotypic
cytoplasmic Ig. DLBCL express pan-B-cell antigens, and a subset are CD10 positive. They are
negative for pan-T-cell antigens. Most express activation markers, such as CD25 and CD38,
and have a high proliferative rate (Ki-67 and CD71 positive).

Diffuse large B-cell lymphomas have clonal rearrangements of the Ig heavy and light
chain genes. The TCR genes are usually in the germline configuration. A subset of cases have
the t(14;18) by conventional cytogenetics or rearrangement of the bcl-2 oncogene by molecular
diagnostic techniques. These lymphomas may represent histologic transformation of FCL. Pa-
tients with de-novo DLBCL with bcl-2 rearrangement have an increased tendency to relapse
compared to histologically similar tumors without bcl-2 rearrangement, similar to the behavior
of FCL. Another subset of DLBCL have translocations or other abnormalities that involve
chromosome 3q27. This locus is the site of the bcl-6 gene, a zinc finger transcription factor
and putative oncogene. The bcl-6 gene is rearranged in approximately one-third of these neo-
plasms, more often in those that arise in extranodal sites.

2. Extranodal Diffuse Large B-Cell Lymphomas

Approximately 25-50% of DLBCL arise in extranodal sites. There is evidence to suggest that
DLBCL that arise in extranodal sites have a different pathogenesis than histologically similar
neoplasms that arise in nodal locations. For example, extranodal DLBCL are commonly local-
ized and may be cured with surgical excision and/or radiation therapy. Nodal DLBCL have a
relatively high frequency of t(14;18) or bcl-2 gene rearrangement, and rarely have c-myc gene
rearrangement. In contrast, extranodal DLBCL. infrequently have the t(14;18) or bcl-2 gene
rearrangement, and may have c-myc rearrangement. There also may be differences between
extranodal DLBCL that arise in different extranodal sites.

3. Primary Mediastinal Large B-Cell Lymphoma

The mediastinum contains lymph nodes and the thymus gland. Mediastinal lymphomas may
be either primary, localized to the mediastinum, or secondary, as a part of widespread lymph
node-based disease. Primary mediastinal large B-cell lymphomas have distinct clinicopatho-
logic and histologic features and, therefore, have been proposed as a provisional category in
the Revised European-American Classification.

The median age of affected patients is the fourth decade, and the male-to-female ratio is
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1 to 2. Patients typically present with large, bulky masses that cause local symptoms such as
cough, chest pain, shortness of breath, or superior vena cava syndrome. Most neoplasms are
localized at time of diagnosis. The prognosis is relatively good if patients receive combination
chemotherapy and irradiation. Relapses commonly occur at extranodal sites.

Primary mediastinal large B-cell lymphomas have a diffuse growth pattern They are com-
posed of large lymphoid cells that exhibit a spectrum of cytologic appearances: large cleaved,
large noncleaved, immunoblasts, and rarely small noncleaved. Sclerosis is common, mitotic
figures are usually numerous, and the neoplastic cells often have clear cytoplasm (Fig. 9).

The immunophenotype and molecular genetic features of primary mediastinal large B-cell
lymphomas are similar to other nodal diffuse large B-cell lymphomas. They express pan-B-
cell antigens, are usually negative for CD10 and CD21, and are often Ig-negative. They have
clonal Ig heavy- and light-chain gene rearrangements. The TCR genes are usually in the germ-
line configuration. The bcl-2 gene is in the germline configuration, and Epstein-Barr virus is
not identified.

4. T-Cell-Rich B-Cell Lymphoma
T-cell-rich B-cell lymphomas (TCRBCL) are malignant lymphomas of B-cell origin in which
the majority of cells in the biopsy specimen are reactive T cells. The predominance of T cells
in these neoplasms may lead to an erroneous assessment of T-cell lineage and, in the past,
many of these cases were classified as diffuse mixed small and large lymphomas of T-cell
lineage.

The growth pattern of TCRBCL is diffuse. They are composed predominantly of small,
cytologically bland T-cells. Numerous benign histiocytes also may be present (Fig. 10a).

Figure 9 Primary mediastinal B-cell lymphoma. The neoplasm has a diffuse growth pattern with fine
sclerosis. The neoplastic cells are large. (Hematoxylin-eosin, 528X.)
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Figure 10 T-cell-rich B-cell lymphoma. (a) The majority of the cells are small reactive T cells and
histiocytes. The neoplastic cells are large. (b) Immunohistochemical stain for CD20 accentuates the large
neoplastic cells. (a, Hematoxylin-eosin, 528X; b, Immunoperoxidase, 528X.)
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Within this infiltrate, often representing less than 5-10% of all cells, are scattered large, cyto-
logically atypical lymphoid cells of B-cell lineage (Fig. 10b).

Because the neoplastic cells are relatively infrequent, it is often difficult to demonstrate
monotypic Ig light chain expression. However, the large cells are B cells that express a variety
of pan-B-cell antigens. These neoplasms contain clonal Ig heavy- and light-chain gene re-
arrangements. The TCR genes are usually in the germline configuration. A subset of TCRBCL
have the t(14;18) or bcl-2 gene rearrangements. The presence of the t(14;18) or bcl-2 gene
rearrangement in such a subset supports the opinion that TCRBCL is an unusual histologic
manifestation of DLBCL, rather than a distinct clinicopathologic entity.

G. Burkitt’s Lymphoma

These neoplasms have been designated previously as undifferentiated, Burkitt’s type (Rappa-
port), or small noncleaved cell, Burkitt’s type (Working Formulation). The small noncleaved
cell category in the Working Formulation also includes neoplasms of non-Burkitt’s type. Small
noncleaved cell, non-Burkitt’s (Burkitt-like) lymphomas are considered as a separate provi-
sional group in the Revised European-American Classification and will be discussed separately.

Burkitt’s lymphoma may be divided into three clinical groups: endemic (African), sporadic
(nonendemic), and AIDS-associated. Endemic Burkitt’s lymphoma was first described in equa-
torial Africa. Evidence of Epstein-Barr virus (EBV) infection is present in 95% of patients.
The median age of patients with endemic Burkitt’s lymphoma is 7 years, with a boy-to-girl
ratio of 3 to 1. The jaw, either the maxilla or mandible, is involved in 60% of patients. Patients
also may present with large abdominal masses that involve retroperitoneal structures or gastro-
intestinal tract, or with involvement of the gonads.

Sporadic Burkitt’s lymphoma occurs in industrialized nations. EBV infection is present in
approximately 25% of patients. Most patients are in the second or third decades of life, with a
male-to-female ratio of 3 to 1. Most patients present with large abdominal, frequently ileocecal,
masses. Other sites that are commonly involved include abdominal and peripheral lymph
nodes, pleura, and pharynx. The jaw is involved infrequently. In patients with either endemic
or sporadic Burkitt’s lymphoma, bone marrow and central nervous system are uncommonly
involved at presentation (approximately 10-20% of cases), but are frequently involved later
in the clinical course. AIDS-associated Burkitt’s lymphoma occurs in the setting of human
immunodeficiency virus-1 (HIV-1) infection. Approximately 50% of cases are EBV-associated.
Lymph nodes are extranodal sites are commonly involved.

Because the neoplasm is usually widely distributed at presentation and has an extremely
rapid clinical course, aggressive systemic chemotherapy is the treatment of choice. With com-
bination chemotherapy regimens, approximately 80% of patients, including those with high-
stage disease, may respond completely and have long-term survival.

The endemic, sporadic, and AIDS-associated types of Burkitt’s lymphoma are histologi-
cally indistinguishable (Fig. 11). At low power, the neoplasm grows as and expansile mass that
diffusely infiltrates contiguous tissues. Tingible-body macrophages are almost always scattered
throughout the tumor. The relatively clear cytoplasm of the macrophages in a background of
blue neoplastic cells imparts a “starry sky” appearance. The neoplastic cells are round to ovoid,
strikingly monotonous, and uniform in shape. The nuclei are the same size or smaller than the
nuclei of the benign macrophages. The nuclear membrane is prominent, and the chromatin is
coarse with two to five distinct, basophilic nucleoli. Mitotic figures are numerous.

Immunophenotypic studies of endemic, sporadic, and AIDS-associated Burkitt’s lympho-
mas show similar findings. These neoplasms are of mature B-cell lineage. They express mono-
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Figure 11 Burkitt’s lymphoma. A starry-sky pattern is present. The nuclei of the neoplastic cells are
monotonous, contain one to several distinct nucleoli, and are medium-sized, approximately the size of
benign histiocyte nuclei. (Hematoxylin-eosin, 528X.)

typic IgM (k> A), pan-B-cell antigens, and the CD10 antigen. Virtually all of the neoplastic
cells express proliferation markers, such as CD71 and Ki-67. They are negative for pan-T-cell
antigens, including CDS.

Burkitt’s lymphomas have clonal Ig heavy- and light-chain gene rearrangements. The TCR
genes are usually in the germline configuration. Approximately 80% of cases carry the t(8;14)
(q24:q32). The remaining cases have one of two variant translocations, either the t(2;8)(p11;
q24) or the t(8;22)(q24;q11). These translocations juxtapose the c-myc oncogene at 8q24 with
either the Ig heavy chain (14q32), x light chain (2p13), or A light chain (22q11) genes. The
translocation deregulates the c-myc oncogene, and results in constitutive production of c-myc
protein, which drives proliferation.

The t(8;14) chromosomal translocations are distinctive in endemic and sporadic Burkitt’s
lymphoma. In endemic Burkitt’s lymphoma, the breakpoint on chromosome 8 occurs far 5’ to
the location of the c-myc gene. The breakpoint on chromosome 14 usuvally occurs within the
joining region of the Ig heavy chain gene. In contrast, in sporadic Burkitt’s lymphoma, the
breakpoint on chromosome 8 occurs within the c-myc gene, usually in the first exon or in
adjacent flanking sequences. The breakpoint on chromosome 14 usually occurs within the Ig
heavy-chain switch region. The breakpoints in Burkitt’s lymphomas that occur in AIDS pa-
tients are similar to sporadic cases.

H. High Grade B-Cell Lymphoma, Burkitt-Like

These lymphomas have been designated as undifferentiated, non-Burkitt’s type (Rappaport),
and small noncleaved cell, non-Burkitt’s type (Working Formulation). In the Revised Euro-
pean-American Classification these tumors are recognized as a provisional category.
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Most patients with small noncleaved cell non-Burkitt’s (or Burkitt-like) lymphoma are
adults, but children may be affected. The male-to-female ratio is approximately 2 to 1. Lymph
nodes are involved more often than extranodal sites, but extranodal sites are frequently in-
volved. Involvement of the bone marrow and Waldeyer’s ring is more common in patients
with Burkitt-like than Burkitt’s lymphomas. Burkitt-like lymphoma responds to combination
chemotherapy, and is potentially curable.

The histologic features of Burkitt-like lymphoma resemble Burkitt’s lymphoma. The cyto-
logic features of the neoplastic cells are intermediate between Burkitt’s lymphoma and diffuse
large B-cell lymphoma. Like Burkitt’s lymphoma, the nuclei of the malignant cells are the
same size or smaller than benign macrophages. However, like diffuse large B-cell lymphoma,
there is greater nuclear pleomorphism, and the nuclear chromatin is more vesicular with more
prominent nucleoli (Fig. 12). In some cases it may not be possible to distinguish between
Burkitt-like and diffuse large B-cell lymphoma.

Immunophenotypic studies have demonstrated that Burkitt-like lymphomas are of mature
B-cell lineage. They express monotypic IgM (k > A), and pan-B-cell antigens. These neoplasms
also express activation antigens, such as CD25 and CD38, and proliferation antigens. Molecu-
lar genetic studies have shown clonal Ig heavy- and light-chain gene rearrangements. The TCR
genes are in the germline configuration in most cases. The bcl-2 gene is rearranged in up to
30% of cases, c-myc rearrangements are rare, and EBV may be present in a minority of cases.
These immunophenotypic and molecular findings are similar to diffuse large B-cell lym-
phomas.

Because of the clinical, histologic, immunophenotypic, and genetic similarities between

Figure 12 High-grade B-cell lymphoma, Burkitt-like. A starry-sky pattern is present and the tumor
cells are medium-sized. Unlike Burkitt’s lymphoma, the nuclear size is more variable and the chromatin
is more vesicular. (Hematoxylin-eosin, 528X.)
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Burkitt-like and diffuse large B-cell lymphoma, the authors of the Revised European-American
Classification believe that Burkitt-like lymphoma probably does not represent a true biologic
entity, and may not be histologically reproducible. A large subset of these neoplasms may
represent the most aggressive end of the spectrum of diffuse large B-cell lymphomas.

IV. NON-HODGKIN’S LYMPHOMAS OF MATURE
T-CELL LINEAGE

A. T-Cell Chronic Lymphocytic Leukemia/T-Cell
Prolymphocytic Leukemia

This category in the Revised European-American Classification includes neoplasms previously
designated as well or poorly differentiated lymphocytic lymphoma (Rappaport), small Iympho-
cytic lymphoma (Working Formulation), and T-cell prolymphocytic leukemia (French-Ameri-
can-British classification). Some authors believe T-CLL = small cell T-PLL. Others think T-
CLL a separate entity!

Patients with T-cell chronic lymphocytic leukemia/prolymphocytic leukemia (T-CLL/PLL)
present with high white blood cell counts, often greater than 100 x 10°/L. Lymph nodes, liver,
spleen, bone marrow, skin, and mucosal surfaces may be involved. The median survival is
often less than one year.

In blood smears the leukemic cells are small to medium-sized. The nuclei have irregular
nuclear contours and a prominent central nucleolus. The cytoplasm is abundant and agranular.
In some cases, the nuclei are less irregular, and the cells resemble B-cell CLL. The neoplastic
cells involve lymph nodes either in a paracortical distribution or diffuse pattern. Proliferation
centers, which are common in B-cell CLL/SLL, are absent. In the liver, T-CLL/PLL often
involves the sinusoids. In the spleen, the red pulp is preferentially involved. Skin involvement
is characterized by dermal infiltrates without epidermotropism.

Immunophenotypic studies have shown that T-CLL/PLL are neoplasms of mature T-cell
lineage. The neoplastic cells express pan-T-cell antigens and the TCRo/B receptor. Aberrant
T-cell immunophenotypes may be detected, but are uncommon. Approximately two-thirds of
cases are CD4+4+ CDS8-, 20% coexpress CD4 and CDS8, and rare cases are CD4- CD8+. Occa-
sional cases express S100 protein. As expected for mature neoplasms, TdT is negative. Immu-
noglobulins and B-cell antigens are negative.

Molecular genetic studies have shown clonal rearrangements of the TCRB and TCRy
genes; the TCRS gene is usually deleted. The Ig heavy and light chain genes are usually in
the germline configuration. Approximately two-thirds of cases of T-cell CLL/PLL contain a
characteristic chromosomal abnormality, the inv (14)(q11;932). A subset of cases lack the inv
(14), but have translocations that involving the 14q11 locus.

B. Large Granular Lymphocyte Leukemia

These neoplasms have been designated previously as T-cell CLL (Kiel and French-American-
British classification), Ty lymphoproliferative disease, and T8 lymphocytosis with neutropenia.
There are two subtypes of large granular lymphocyte leukemia (LGLL): the T-cell and natural-
killer (NK) cell subtypes.

Patients with LGLL are usually adults older than 50 years. Men and women are equally
affected. Patients frequently seek medical attention for infections that recur over months to
years; others complain of fatigue or bleeding. Patients, particularly those with T-cell LGLL,
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may have autoimmune phenomena, such as rheumatiod arthritis. The physical examination is
usually unimpressive in T-cell LGLL.; lymphadenopathy is minimal, and the liver and spleen
are normal or slighly enlarged. Lymphadenopathy is more common in NK-cell LGLL, but
otherwise the physical findings are similar. Laboratory studies demonstrate a minimal to
marked absolute lymphocytosis. Lymphocytosis is usually higher in NK-LGLL. Neutropenia,
anemia, and/or thrombocytopenia are common. The clinical course is usually indolent, but
some LGLL may behave aggressively.

The lymphoid cells in blood smears are large, oval or round, and have abundant cytoplasm
with scattered granules. The neoplastic cells may involve the sinusoids of the liver and the
splenic red pulp. Lymph node biopsy specimens, which are more likely to be obtained from
patients with NK-cell LGLL, show diffuse architectural effacement. In the bone marrow, lym-
phoid infiltrates are usually small and focal, but may be diffuse.

The T-cell and NK-cell subtypes of LGLL are distinguished by immunophenotypic stud-
ies. The major difference between these subtypes is that T-cell LGLL express the CD3 antigen
and T-cell receptors (usually the o/f TCR, rarely the /8 TCR) on their surface. NK-cell LGLL
lack CD3 and T-cell receptors. Both subtypes express T-cell antigens, such as CD2, and have
a CD4-CD8+ immunophenotype. Natural killer cell-associated antigens, such as CD16 and
CD57, may be expressed by both subtypes. NK-cell LGLL also may be CD56-positive. Both
subtypes of LGLL are negative for TdT, the CD1 and CD25 antigens, Ig, and B-cell antigens.

Molecular studies have shown that T-cell LGLL have clonal rearrangements of the TCRY,
TCRa, and TCR chain genes; the TCRS chain gene is usually deleted. NK-cell LGLLs lack
TCR gene arrangements. In both subtypes of LGLL, the Ig genes are usually in the germline
configuration.

C. Peripheral T-Cell Lymphoma, Unspecified

The term "peripheral" T-cell lymphoma (PTCL) is used to describe lympoid neoplasms of
mature T-cell lineage, as opposed to neoplasms of thymic or "central" origin. The terms post-
thymic and mature T-cell lymphoma also have been used to described these neoplasms. In the
Working Formulation, most PTCLs fit within the diffuse mixed small and large cell, diffuse
large cell, and large cell immunoblastic categories. These neoplasms are common in Japan,
and less common in Europe and the United States.

Most patients with PTCL are adults who present with generalized lymphadenopahty. Ex-
tranodal sites are commonly involved, and include skin, liver, Waldeyer’s ring, and lung. These
neoplasms may be associated with hemophagocytic syndrome. Peripheral T-cell lymphomas
are diffuse, aggressive neoplasms that require combination chemotherapy. Although the rates
of complete remission are similar for both B-cell and T-cell lymphomas, some studies suggest
that peripheral T-cell lymphomas relapse more frequently and have a worse prognosis.

In most cases, PTCL diffusely efface the lymph node architecture. However, in some cases
the neoplastic cells have a paracortical distribution, and spare lymphoid follicles. Rarely, the
growth pattern is nodular, but not truly follicular. The neoplastic cells often exhibit a range in
cell size, from small to large, and may have abundant clear cytoplasm. Large Reed-Sternberg-
like cells may be seen. Mitotic figures are usually easily found and are often numerous (Fig.
13). Benign inflammatory cells, such as eosinophils and histiocytes, may be numerous. Cases
with numerous epithelioid histiocytes have been referred to as lymphoepithelioid, and have
been designated in the literature as Lennert’s lymphoma. Blood vessels may be prominent.

Immunophenotypic studies have shown that PTCL are neoplasms of mature T-cell lineage.
Thus, the neoplastic cells express pan-T-cell antigens such as CD2, CD3, CD5, and CD7; the



Non-Hodgkin’s Lymphomas and Plasma Cell Dyscrasias 101

Figure 13 Peripheral T-cell lymphoma, unspecified. In this case the neoplastic cells range in size from
small to large, and there are scattered eosinophils. (Hematoxylin-eosin, 528X.)

o/f} TCR; and are either CD4 + CD8 - or CD4 - CD8+. They are negative for TdT, Ig, and B-
cell antigens. Approximately 75% of cases demonstrate an aberrant T-cell immunophenotype.
In other words, the neoplastic cells may inappropriately fail to express one or more pan-T-cell
antigens. Alternatively, the cells may either co-express the CD4 and CD8 antigens, or fail to
express either of these antigens. The presence of an aberrant T-cell immunophenotype corre-
lates strongly with monoclonality and malignant clinical behavior.

Molecular genetic studies have shown clonal TCRP and TCRy gene rearrangements in
most cases; the TCRS gene is usually deleted. The Ig genes are usually in the germline configu-
ration.

D. Peripheral T-Cell Lymphomas, Specific Variants

1. Mycosis Fungoides/Sezary Syndrome

Non-Hodgin’s lympomas of either T-cell or B-cell lineage may arise in the skin. A number of
different types of T-cell lymphoma may involve the skin, the most common of which is myco-
sis fungoides/Sezary syndrome. Although the term cutaneous T-cell lympoma has been used
as a synonym for mycosis fungoides/Sezary syndrome, cutaneous T-cell lymphomas are a
heterogeneous group of disorders. Mycosis fungoides/Sezary syndrome is a distinct clinico-
pathologic entity.

Many patients with mycosis fungoides (MF) are symptomatic for months to years before
the diagnosis of MF can be established histologically. In this early stage, MF may present as
small patches or limited plaques. Eventually patients with MF progress to generalized plaques,
and then cutaneous tumors. In the late stages of MF, widespread extracutaneous dissemination
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occurs, similar to other late-stage NHLs. Patients who present with Sezary syndrome have
generalized erythroderma and cerebriform lymphoid cells in the peripheral blood (Sezary cells).
Mycosis fungoides (MF) and Sezary syndrome (SS) are considered to represent different clini-
cal manifestations of the same disease.

Stage is the most important prognostic variable in patients with MF/SS, and reflects tumor
burden and/or biologic behavior. Patients with disease confined to the skin (stage I) have a
clinically indolent disease, with long survival (up to 30 years) and the best response to treat-
ment. Survival is much shorter with the presence of lymphadenopathy, even if lymph node
biopsy fails to demonstrate involvement (stage II). Patients with histologically proven lymph
node involvement (stage III) or visceral disease (stage IV) have the worst survival. A Tumor
Nodes Metastasis (TNM) staging system is also used. In addition, patients with the tumor form
of disease and those over 50 years of age have poorer survival.

The treatment for MF/SS is different than for other NHL. Topical therapies are used
commonly, particularly for patients with limited skin involvement. Common topical treatments
include nitrogen mustard, mechlorethamine, PUVA, and electron beam therapy. Topical regi-
mens usually result in a high response rate, but relapse is common. More aggressive regimens
that include combination chemotherapy, o-interferon, and monoclonal antibodies have been
used in patients with tumor stage and extracutaneous disease.

The histologic findings in MF and SS are identical. The earliest lesions in the patch stage
mimic a variety of benign lymphohistiocytic disorders. In the more advanced plaque, tumor,
or erythrodermic skin lesions, the findings are more specific, and include acanthosis and para-
keratosis of the epidermis, a bandlike infiltrate of atypical lymphoic cells in the papillary
dermis, and exocytosis of the atypical lymphoid cells into the epidermis (epidermotropism).
The neoplastic cells may aggregate to form Pautrier’s microabscesses, which ar