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Neoplastic Proliferations of White Cells

Leukemias

Acute Leukemia:  Acute Lymphocytic Leukemia, Acute Myelogenous Leukemia

Chronic Myelogenous Leukemia, Chronic Lymphocytic / Small Cell Lymphocytic Leukemia/Lymphoma, Hairy Cell Leukemia
Lymphoma:  Non Hodgkin’s Lymphoma, Hodgkin’s Lymphoma
Plasma Cell Dyscrasias
Histiocytosis
Lymphoid Neoplasms: 
1994:  Revised European-American Classification of Lymphoid Neoplasms (REAL)
A.
Principles of Dx

1.
examination of lymph nodes is required for diagnosis

2.
80-85% are of B-cell origin, w/ the rest being mostly of T-cell origin


3. 
disrupt normal immune function 

4.  
all are derived from a  single transformed cell ( monoclonal

i.
antigen receptor genes constantly change to maintain a variety of receptors

ii.
in lymphoid neoplasms the rearrangement occurs before transformation


5.  
neoplastic cells tend to aggregate and proliferate in areas of same type cells as well as circulate in the same pathways

B.
Types

1.
leukemia:  BM involvement accompanied by circulating tumor cells

2.
lymphoma: proliferations arising as discrete tissue masses that can be benign or fatal

3.
plasma cell neoplasms:  tumors of terminally differentiated B-cells that arise 1( in BM and secrete 

Leukemias

An uncontrolled proliferation of hematopoietic cells,  leukemia can develop into lymphoma (and v.v.) as well as disseminate.  Factors include environment, genetic (Down’s Syndrome- ( AML, Fanconi’s anemia), radiation, chemical exposure

Differential Diagnosis of Acute Lymphoblastic and Myeloblastic Leukemias:  diagnosis tends to be confirmed in laboratory testing as these conditions do not present with distinguishing symptoms but are usually non-specific in presentation. 

1.  Cytopenia or Pancytopenia

2.  Bone Marrow Failure causing infection, bleeding or fatigue
3.  >30% Blasts in the bone marrow or the periphery
General DDx of AML/ALL:
· Aplastic Anemia: both conditions have peripheral pancytopenia, but aplastic anemia has hypoplastic bone marrow without blasts.

· Myelodysplasia and Hypocellular Leukemia:  these conditions have characteristic marrow and clonal cytogenic abnormalities.

· Small Round Cell Neoplasms:  the bone marrow is infiltrated by cells with distinguishing immunologic markers.

· Reaction to Infection:  usually,  the blast count does not reach 30% in either the blood or marrow

· Vitamin B12 and/or Folate Deficiency: in vitamin B12 deficiency macrocytic anemia occurs with residual nuclear fragments (Howell-Jolly bodies) in conjunction with neurologic findings which are not present in folate deficiency.  Bone marrow displays erythroid hyperplasia in both which is not present in leukemias.

DDx of Acute Myeloblastic Leukemia:

Other Myeloproliferative disorders


 (could be in the bone marrow or extra-medullary)




Polycythemia Vera:  erythrocytosis and leukocytosis 



Myelofibritis:  marrow fibrosis with extra-medullary hematopoiesis



Primary Thrombocythemia:  thrombocytosis as opposed to thrombocytopenia

Left Shifted Marrow recovering from a toxic insult:  a bone marrow study should be conducted several days after the presumptive diagnosis to determine if maturation has occurred. 
 DDx of Acute Lymphoblastic Leukemia:

Other Lymphoproliferative Disorders:


Chronic Lymphocytic Leukemia:  B cells co-express CD5 and CD 23


Lymphomas:  varying morphological differences (Hodgkin’s, Burkett’s, Misc.)


Hairy Cell Leukemia:  distinctive morphology

Atypical Lymphocytosis of Mononucleosis:  in this condition thrombocytopenia or hemolytic anemia may also be present, yet it is distinguishable by heterogenous atypical lymphocytes compared to homogenous atypical lymphocytes in ALL .

Diagnosis can be based on the morphology of the lymphocytes; stains:  terminal transferase, myeloperoxidase, Sudan Black B, specific/nonspecific esterase;  immunophenotyping. 
	
	Acute Leukemia
	Acute Lymphoblastic Leukemia/Lymphoma (ALL)
	Acute Myelogenous Leukemia/lymphoma

	Description


	Rapidly progressing leukemia w/ replacement of normal BM by malignant  clone blasts 
	Neoplasms of immature B (85%) and T lymphocytes
	Majority of cells are derived from the myelo-pluripotent stem cell or after

	Sn/Sx


	-Abrupt onset w/ Sx related to ( BM fxn d/t cytokines:  anemia, thrombocytopenia, neutropenia

-fatigue, bruising/bleeding (epistaxis), infection, fever, weight loss, night sweats

-bone pain, sternal tenderness  (marrow expansion d/t  tumor infiltrate)

-Depending on Spread:  gen. LA, hepatosplenomegaly (extramedullary hematopoiesis, sequestration, infiltration), CNS (inflammation( (BBB permeability ( infiltration:  HA, vomiting, dizziness, behavioral changes)
	-resembles an infection caused by an absence of mature lymphocytes
-bleeding:  petechiae, ecchymoses, epistaxis

-bone pain and tenderness:  marrow expansion and periosteal infiltration

-generalized LA, hepatosplenomegaly 

   -(ALL > AML)

   -pre-T lymphoma:  more prevalent LA and   splenomegaly as well as Sx of large vessel invasion and airway obstruction

   -testicular involvement ALL > AML

-CNS:  HA, vomiting, nerve palsies d/t meningeal spread (ALL > AML)
	

	Onset
	male > female

1( European descent:  2 white: 1 black


	-1(children:  peak onset @ 4 yr.

-young adults:  pre-T lymphomas w/ 50-70% w/  thymic involvement

-( w./ Down’s syndrome
	-1( 15- 39 yr age of onset

	Course 


	acute leukemias often terminate in a “Blast Crisis”
	-rapid progression over days to weeks

-highest recovery/survival  of all leukemias

     -5 yr remission > 90%

     -Tx w/ chemo. ( 90% cure, low recurrence 

-poor prognosis:  < 2 yrs, adolescent/ adult presentation
	-majority of pt have remission w/ Tx but most suffer a relapse

-10 - 15% long term survival (>5 yr)

-Tx is BM transplant, but must be in remission

	Pathology
	
	-> 90% pts have chromosomal abnormalities (including Philadelphia t(9:22))

-accumulation of neoplastic blast cells in BM suppresses normal hematopoiesis
	->90% have chromosomal abnormalities

-major risk factors:  benzene and radiation 

-Auer rods in cytoplasm

	
	
	5 subtypes based on origin and state of differentiation
	7 subtypes, diverse origins

	Lab Dx
	CBC:  (Hb/Hct

            WBC:  N/(/((  (>100K) w/ blasts (stages 

                        closer to stem cell)

            ( retic’s., (/(( plate’s

BM Biopsy:  BLASTS- stages closer to stem cell
	CBC:  @ time of Dx: 

   -( WBCs:  slight ->100K/(L w/ ave. of 60%                     

     immature lymphs or blasts

    -RBC:  N/N anemia mild ( severe w/ time  

      ( retic’s, mod/severe thrombocytopenia 

Terminal Deoxytransferase: (+) immunoassay stain in 95% of cases

Spinal Tap:  CNS infiltration (2-5% pts)
	CBC:  ( WBCs- myeloblasts predominate


	
	Chronic Myelogenous Leukemia
	Chronic Lymphocytic / Small Cell Lymphocytic Leukemia/Lymphoma
	Hairy Cell Leukemia

	Description
	Myeloproliferative Disorder
	1( B cell origin (>95%):  CD-5 
	Chronic Lymphocytic Disorder

	Sn/Sx


	-fever, night sweats, weight loss (if > 10% ( r/o neoplasm), weakness

-splenomegaly:  infiltration


	-asymptomatic 

-nonspecific:  fever, night sweats, weight loss (if > 10% ( r/o neoplasm), weakness

-hepatosplenomegaly:  50-60%
	-hypersplenism w/

 

	Onset
	-20% of all leukemia in U.S.

-1( mid age or above (>40 yr)

-insidious onset, slower progression than acute
	-30% of all leukemias in U.S.

-1( mid age to older adults (>50, ave. 60)

-2M: 1 F

-insidious onset
	

	Course


	-mean survival ~ 4 yr ending in blast crisis

-Tx:  chemo, though not very effective (debatable)

        BM transplant- experimental


	-1( cause of death:  bacterial infection d/t hypogamma-globulinemia
-10-15% develop AI-Ig’s from normal B-cells ( AIHA or thrombocytopenia

-prolymphocytic transformation:  (15-30%) 
-transformation into diffuse large B-cell lymphoma (Richter’s syndrome (10%)

-survival:  4-6 yrs but ( w/ small tumor burden

                 1 yr w/ either transformation

-Tx:  RBC, granulocyte CSFs:  EPO, GMCSF (while BM can respond)
	-1( 40-60 yrs, and in females

-1( cause of death:  bacterial infection

-Tx:  ( IFN- very successful w/ 40-50% remission 

        CSFs-  GMCSF

	Pathology
	abnormal stem cell

-granulocytes lack alk phos.
	-~50% of pts have chromosomal abnormalities:

   trisomy 12, deletions of 13q12-14 or 11q

-diffuse lymph node infiltration of small lymphs and large prolymphocytes which form proliferation centers (pathognomonic for CLL, SLL)

-peripheral small fragile lymphs (smudge cells)

-varied extent of involvement but tumor tends to infiltrate splenic red and white pulp and hepatic portal ducts.
	

	Lab Dx
	CBC: @ time of Dx 

    -(WBCs, commonly > 100K

     -neutro/metamyelocytosis (may see <           

      10% myeloblasts in peripheral blood)                  

     -thrombocytosis

     -anemia / thrombocytopenia w/ 

       progression (indicator)
BM:  Hypercellular: ( in all precursors, 1( granulocytes (more immature than peripheral blood)

Genetic:  > 90% have t(22,9)- Philadelphia 
	CBC: @ time of Dx 

 -(WBCs (20K – 200K; CLL > SLL)

 -1( mature lymphs (90% of WBCs)

 -normal peripheral elements ( thrombocytopenia, anemia ( neutropenia (late)

-possible Ig spike although hypogammaglobulinemia is common

BM:  replacement of all non-lymph cell lines

Genetic:  monoclonality of lymphs
	CBC:  mononuclear cells w/ cytoplasmic 

   projections (B cell derived?)

   -down/upreg. of various markers (   

    undifferentiated lymph’s (B cell derived?)

    -leukopenia (50-60% of pts)

     -severe thrombocytopenia (75% of pts)

     -moderate anemia

     -neutropenia

	DDX
	-infection:  <30% blasts

-myeloid metaplasia

-polycythemia vera
	-IMN-  Downey lymphs
	


	Description


	Non Hodgkin’s Lymphoma

	
	Malignant monoclonal proliferation of lymphoid cells/tissue in immune system sites:  lymph nodes, BM, spleen, liver, GI tract.  NHL is d/t 85% B cell abnormalities.  Comprises 60% of al lymphomas, 10% of all malignant tumors  

	
	Follicular Lymphoma
	Diffuse Large B-Cell Lymphoma
	Burkitt’s Lymphoma

	
	Most common  NHL in US (45%)
	A heterogenous group of tumors constituting 20% of NHL and 60-70% of aggressive neoplasms
	

	
	30% enlarged lymph nodes, painless unilateral,  w/ Sx assoc w/ lymph node enlargement compressing local structures

   -spreads to other lymph nodes, spleen, liver and BM

   -skin and bone involvement (22%)

-fatigue, fever (FUO)- variable but 1( low to mod, night sweats ( disseminated dz.

-Problems common in NHL, but rare in HL:   

1)  congested/edema of face/neck d/t pressure on superior vena cava

2)  ureteral compression from pelvic nodes( impaired urinary flow(2( renal failure

3)  leukemia reaction/ transformation

-33% anemia initially or develops in most cases (many varieties)

-leukemia develops in 20-40% of lymphocytic cases and frequently in high grad lymphomas

	Sn/Sx


	-painless LA, usually generalized

-extra nodal involvement is not common


	symptomatic mass at a single nodal or extra nodal site:  GI, skin, bone, brain, Waldeyer ring (orolaryngeal lymphoid tissue)
	-1( extra nodal sites are affected

Endemic:

-(In childhood) rapidly enlarging jaw and facial bones, ovarian mass; frequently appears as a bulky (LRQ) abdominal dz:  kidneys, ovaries, adrenals

-Adults:  bulky and generalized, often w/ involvement of liver, spleen and BM

Nonendemic:  abdominal mass involving the  ileocecum and peritoneum

	Onset
	-middle age, M=F
	-ave. 60 yr, but wide age range 

   -5% of childhood lymphoma

-M sl.>F
	-1( children (30% of NHL in US)), young adults

-Africa, New Guinea

	Course


	-incurable:  follows waxing/waning course w/ survival of 7-9 yrs

-aggressive Tx is ineffective

-transformation (30-50%) usually to diffuse large B-cell lymphoma

   -1 yr survival
	-rapidly enlarging 

-possible large destructive masses in liver or spleen

-BM involved in late stage ( possible leukemic transformation

-rapidly fatal w/o Tx
	-aggressive but responds well to Tx

	
	-spreads in a less predictable fashion

-patterns in lymph nodes:  follicular, nodular, non-nodular:  nodular pattern is associated w/ B cell lymphomas has a better prognosis than non-nodular (B or T cell)

	Pathology
	Neoplastic cells closely resemble normal germinal center B cells:

-centrocytes:  small cells w/ irregular/cleaved nuclei, ( cytoplasm
-centroblasts:  large cells w/ open chromatin, ( nucleoli, ( cytoplasm

CD 5 absent vs. CLL, SLL, mantle cell lymphoma

t(14,18) ( ( BCL2 protein
	-large cells (5X N) of varied morphology

   -anaplastic tumors may have inclusion like    

    nucleoli that resemble RS cells

-diffuse growth pattern

-t(14,18):  30%

   -20-30 % other translocations  


	-tumor of mature B-cells w/ surface IgM, primarily small noncleaved cells

-involved tissues are effaced w/ lymphoid infiltration

-high mitotic index  and apoptotic cell death ( ( tissue macrophages

- t(14,18):  75-89 %

	Dx Groups
	3 Dx Groups determined by cell maturity and tumor aggression 

-high: (lymphoblastic lymphoma, immunoblastic lymphoma, Burkitt’s lymphoma) large immature cell w/ aggressive tumor, responds w/ Tx, 10 yr survival-  23%

-intermediate:   (i.e.Ki-1 anaplastic large. cell lymphoma) faster growth, larger cells, easier to cure, 10 yr survival- 26%

-low:  small mature cell w/ nonaggressive tumor (i.e. SLL), difficult to cure, 10 yr. survival- 46%

Rapport Classification System:

	
	
	-immunodeficiency subtype:  assoc. w/ severe (-) T-cells, neoplastic cells latently infected w/ EBV

-body cavity subtype:  arise as malignant pleural or ascitic effusions (1( w/ advanced HIV), cells infected w/ herpes virus 8 (also assoc. w/ Kaposi’s sarcoma)
	3 subsets:

-African (endemic):  latently infected w/ EBV

-sporadic (nonendemic):  no EBV

-HIV associated

   -all are histologically identical

	Lab Dx
	CBC:  N/( WBC w/ abnormal looking cells (immature, cleaved, blasts

Lymph Node Biopsy:  key identifying test

Staging:  CT of torso, BM biopsy, CSF cytology, gallium scanning

	DDX
	HL, Leukemia, Metastatic Carcinoma, IMN, Tb


Other Non Hodgkin’s Lymphomas:  Chronic Lymphocytic/ Small Lymphocytic Lymphoma/Leukemia 

	
	Hodgkin’s Lymphoma

	Description


	Localized/disseminated malignant proliferation of tumor cells from lymphoreticular system, 1( involving lymph node tissue and BM.  Etiology is unknown.

	Sn/Sx
	Constitutional Sx that do not improve w/ time/Tx:  

-painless cervical/mediastinal LA w/o systemic complaints (poss. sternal- 1( unilateral, neck (90%), inguinal, etc.) or Sx assoc w/ lymph node enlargement 

 compressing local structures

-recurrent fever (Pel-Ebstein fever), fatigue, night sweats, weight loss, intense pruritis (initially), 

-impaired delayed/CMI, humoral immunity( bacterial, unusual microbial infections (advanced)

-hypersplenism

-alcohol causes pain in involved region

	Onset
	Bimodal Dist.:  young (15-35) and mid aged adults( >50)  w/ 2:1 male dominance

	Course


	spreads in an orderly fashion ( allows staging

Anarbor Classification (U of MI):   type of cell involvement, what part of body is involved

-includes lymph node biopsy, CT of chest/abdomen, pelvis, BM tap, lymphangiography
-Stage 1:  involves single lymph node

-Stage 2:  2+ lymph nodes, one side of diaphragm

-Stage 3:  spread to nodes on the opposite side of diaphragm, may involve spleen

1.  above renal vessels

2.  in lower abdomen
-Stage 4:  complete dissemination outside of lymph node

-long term survivors of chemotherapy develop other cancers:  NHL, lung, breast, stomach, malignant melanoma

	Pathology
	Neoplastic cells make up 1-5% of total tumor mass (vs. other lymphoid neoplasms)

Reed Sternberg cells (giant cell, binucleated-  “owl eye” nucleoli, “popcorn” nucleus): also in BM (no LA is rare), outnumbered by other lymph’s

   -variants:  lacunar (halo) ( predominately in F, lymphocytic (popcorn), histiocytic (popcorn), mononuclear

   -secrete cytokines to recruit inflammatory cells

	Dx Groups


	Lymphocyte Predominant 

-less common:  6%; m < 35 yrs.

-nodular  infiltrate:  ( (small) lymph’s, 1( B-cells 

-other cell types are few or absent 

-rare classic RS cells ( ( lymphohistiocytic RS cells 

-little fibrosis or necrosis 

-90% cure rate

-5-10% transformation to large B-cell lymphoma
	Mixed Cellular Form    

-2nd most common form:  30-40%

-older males
-diffuse effacement of nodes by a heterogenous infiltrate:  small lymph’s, plasma cells and macrophages mixed w/ tumor cells

-eosinophilia
-fewer lymph’s 

-classic and mononuclear RS cells 

-good prognosis  
	Lymphocyte Depleted  

-least common:  1-5% 

-elderly

-fewer lymphs

-( RS cells:  lymphocytic, histiocytic  

-40% cure rate 
	Nodular Sclerosis 
-most common:  45-60% 

-1( F:   adolescents, young adults

-fewer classic RS cells, more lacunar RS cells 

-collagen bands:  divide lymph tissue into circumscribed nodule

-few, (small T-)lymph’s  

-excellent prognosis:  80-85% cure rate 

	Lab Dx
	Lymph Node Biopsy:

CBC:  N/(WBC:  1( lymphocytosis  (rarely >20-25,000 initially)

           -inflammatory background cells:  lymphocytosis, eosinophilia, thrombocytosis

           -(Hb, Hct- N/N anemia (resembles ACD),  sometimes microcytic
             -advanced:  (serum Fe, (TIBC,( BM-Fe                  

-High titer of EBV Ig

-associated w/ HLA B18

	DDX
	LA also present in:  IMN, toxoplasmosis, CMV, NHL, leukemia

Clinical Picture:  LU carcinoma, sarcoidosis, Tb


Plasma Cell Dyscrasias

	
	A group of lymphoid neoplasms of terminally differentiated B cells resulting form the expansion of a single clone of an Ig-secreting plasma cell with a resultant increase in serum levels of a single homogenous Ig (M component) or its fragments.  

	
	Multiple Myeloma
	Heavy Chain Diseases
	MGUS:  Monoclonal Gammopathy of Uncertain Significance
	Waldenstrom’s Macroglobulinemia

	Description


	Plasma cell neoplasm causing multiple tumor masses throughout the skeletal system formed by cells of later stages ( hyper viscosity syndrome
	Malignancy of very early B cell precursors (heavy chain production is early on) seen in CLL, SLL, lymphoplasmacytic lymphoma and other more rare conditions.
	Instances where M components are in the blood w/o other Sn/Sx of other monoclonal gammopathies.
	B cell lymphoma causing high levels of IgM  commonly seen w/  lymphoplasmacytic lymphoma and other more rare conditions

	Sn/Sx


	-Bone pain (>60%), pathological fractures

-weakness, fever, weight loss

-CNS involvement

-pos. GI Sx

-bleeding

-bacterial infections
	
	
	

	Onset/ Course


	-40-70 yr (mean- 60 yr) male> female
	
	
	

	Morphology
	-bone resorption

Inclusions:
-Russel bodies:  cytoplasmic 

-Dutcher bodies:  nuclear 
	
	
	-sausage link appearance of retinal vessels

	Lab Dx
	CBC:  thrombocytopenia, neutropenia

RBC: (N/N), Rouloux formations                    ( ESR

Chem Screen:  ( total protein w/ ( globulins, 

(serum [Ca2+]

Protein Electrophoresis: ( (-globulins 

Immunoelectrophoresis: 1( IgG, sometimes IgA

X-ray:  punch out osseous lesions, esp. skull

Urinalysis:  Bence Jones proteins:  free light chains ( renal damage
	CBC:  RBC: (N/N anemia) hyper viscosity, Rouloux formations

plasma cells rarely in periphery 

Chem Screen:  ( total protein w/ ( globulins, 

Protein Electrophoresis:  ( heavy chains (()

Urinalysis: NO Bence Jones proteins
	
	Protein Electrophoresis:  ( gamma globulins

Immunoelectrophoresis:  ( IgM

	DDX
	-WBC differential:  differentiate from neoplasm and infection/inflammation (also: presentation)

-Plasma cells in the periphery (should only be in BM, lymph nodes)

-Rouloux formation d/t ( serum proteins

-( ESR

-Chem Panel:  ( proteins (( albumin: globulins) 

· Protein Electrophoresis:  identify globulins/ portion of globulins

                                                                       (  Immunoelectrophoresis:  isotype of (-globulins




Also occurs in Primary or immunocyte-associated amyloidosis w/ secretion of light chains that are processed and deposited as amyloid.  The condition varies between a minor BM population of cells to multiple myeloma. (see immune system disorders in Chap 7 of Robbins)

Histiocytosis

Reactive proliferations of Langerhans cells, likely not due to neoplasm

	
	Generalized Histiocytosis
	Multifocal Histiocytosis
	Solitary Eosinophilic Granuloma

	Description
	Letterer-Siwe disease
	
	

	Onset
	-usually before age 2

-occasionally affects adults
	-usually affects children
	-any age

-more common at 5-10 yrs

	Sn/Sx
	-cutaneous lesions of Langerhans cells

   -scalp

   -front and back of trunk

-hepatosplenomegaly, LA

-pulmonary lesions

-infiltration of BM ( pancytopenia
	-skin eruptions is scalp and ear canal

-any bone may be involved

-50% involvement of pituitary stalk

   -diabetes insipidus

   -Hans-Schuller-Christian disease:  skull bone 

    defects, exophthalmos w/ diabetes insipidus

-frequent URI, otitis media, mastoiditis
	-any bone in the skeleton

-lung or stomach involvement

-skin lesions

	Course
	-rapidly fatal if untreated

-50% survival of 5 yrs w/ chemotherapy
	-spontaneous regression or Tx w/ chemo
	local disorder, treated by excision, irradiation or may heal spontaneously

	Morphology
	-HX bodies/Birbeck granules in cytoplasm:   

 like little tennis rackets
	
	

	Lab Dx
	anemia, thrombocytopenia, neutropenia
	
	


