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Morphology Grading Table

Cell Name Few/1+ Mod/2+  Many/3+
Schistocytes <1% 1-2 >2
Sickle cells N/A 1-2 >2
Bite cells N/A 1-2 >2
Blister cells N/A 1-2 >2
[rregularly N/A 1-2 >2
contracted cells

Howell-Jolly bodies N/A 23 >3
Pappenheimer bodies N/A 2-3 >3
Oval macrocytes N/A 2-5 >5
Polychromasia N/A 5-20 >20
Acanthocytes N/A 5-20 >20
Echinocytes N/A 5-20 >20
Elliptocytes N/A 5-20 =20
Ovalocytes N/A 5-20 >20
Spherocytes N/A 5-20 =20
Stomatocytes N/A 5-20 =20
Target cells N/A 5-20 =20
Teardrop cells N/A 5-20 =20
Basophilic stippling N/A 5-20 =20
Anisocytosis N/A 1120 =20
Macrocytes N/A 11-20 =20
Microcytes N/A 11-20 =20
Hypochromic cells N/A 11-20 =20

Morphology Grading Table

Cell Name Few/1+ Mod/2+  Many/3+
WBC
Dohle bodies N/A 24 >4
Vacuolation N/A 4-8 =8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 11-20 >20

“n/a or N/A not applicable,



/_\ —
MCH MCHC Hb H-RBC Anoulocyte | Leptocyte &
(1) (pg) (g/dl) Target Cell
Hypo 1+ 22-28 >32 11-12 5-10% + -
Hypo 2+ 18-21 29-31 8-10 11-20% ++ +/-
Hypo 3+ <18 <29 <8 >20% +++ ++







Pluripotent stem cell
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@ (Centroblast)
Small cleaved
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Bone Marrow <— Lymph Node —

Germinal Center

Pluripotent Lymphoid Pre-B XA Centrocyte Plasmablast RPN
Stem Cell Stem Cell Cell Cell

Antigen Expression: CD19 CD19

Precursor B-Cell Acute Leukemias
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P |
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5A. Small lymphocyte

5D. Lymphocyte of
intermediate size

5G. Large lymphocyte with indented
nucleus and pointed cytoplasmic
projections

5J. Large lymphocyte with irregular
cytoplasmic contours

5C. Lymphocyte with
indented nucleus

5B. Lymphocyte of
intermediate size

&

o2

5E. Lymphocyte with pointed

5F. Spindle-shaped

cytoplasmic projections (frayed lymphocyte with
cytoplasm) indented nucleus
P
<% .- .
r & - ~
. ° \\
. o;",
"~
"‘22. s o /,.

5H. Large lymphocyte 5. Large lymphocyte with
purplish-red (azurophilic)

granules

5K. Large lymphocyte with purplish-red 5L. Large lymphocyte with
(azurophilic) granules and with purplish-red (azurophilic)
indentations caused by pressure of granules

erythrocytes







LAREE CRANMARBFROIE

Abundant light
blue cytoplasm

Absent
nucleoli

Pink/red

Round, mature granlues

nucleus

I 110um
Rashid H MD, Nguyen J MD et al. HematologyOutlines.com

LYMPHOCMIE

Slightly larger than
mature RBC

High N:C

Scant, light blue
cytoplasm with

Round mature nucleus no granules
with clumped chromatin
B 1101m

Rashidi H MD, Nguyen J MD et al. HematologyOutlines.com

MONOCYIE

Kidney shaped nucleus
with mature chromatin

Vacuoles are
.. commonly noted

T . ® Y
Low nuclear-to- s

cytoplasmic ratio
10um

Rashidi H MD, Nguyen J MD et al. HematologyOutlines.com

REACTIVEILYMPHOCY{TE

Cytoplasm indented

Increased
cytoplasm

/

-~

Granules are
absent

I 110um
Rashidi H MD, Nguyen J MD et al. HematologyOutlines.com
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Cancer Reseacher

Hal Downey Dies

4§ Dr. Hal Downey, 81, hematologist and emeritus professor of ana-
sy, died Friday at Northwestern Hospital,

DR. DOWNEY, WHO was on the University staff from his gradu- 5

Jsoe from Minnesota in 1903 until his retirement in 1946, has been
& the Father of Hematology.

He contributed to the medical understanding of leukemia and its +

ambgoancy, and infectious mononucleosis,
Alter being granted his Ph.D. degree from the University in 1909,

. Downey studied at the University of Berlin in 1910, and at the ;

Ywversily of Strassburg in 1911. He was professor of zoology at Min-
wola until 1929 when he became professor of anatomy. After his
waement in 1946, he lectured at the Mayo Clinic for two years.

Dr. Downey wrote many papers—the first in 1909 in a German
eesiific journal, “Folia Hematologica.” At the time of his death, he
s slll the only American editor of this journal.

HIS LAST SCIENTIFIC paper will appear in the journal “Surgery.”
M paper reports Dr. Downey’s attempt to produce cancer cells in
# by means of tobacco tar.

Survivors include his wife, Iva
e, wo woughters, Phyllis, Seat-
A Wash, Mrs. William (Jean)
aad, Minneapolis; one- son
bitard, Dayton, Ohio; three
o Ldnhlare and one arandenn,

Sarvices will be held at the
/mcn Mortuary, at 1:30 p.m.
wmerrow, Visitors may call at the
wstuary after 4:30 p.m. today.

T family requests that any
morials be directed to Malig-
s Disecse Research, University
d Mienesota Memorial Fund.

T T T

DIr. Hal Downey
Researcher dies
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Pro-B Early PreB PreB Im-B m-B
B-1 B-11 B-1II B-1V

CD45
HLA-DR
CD43
CD127
TdT
CD34 | S
CDI19
CD20
CD79a
Ige Igh
VpreB, A5
CDI10
CD24

Cu
CD22
CD79b
CD38
IgM
Kappa
Lambda
IgD

2508 0 5 3 )5 puleis (Sl 1) Common-B cgils (5 0 43 J9 395 0 45 s Common-B o9 3 Early-Pre-B uoglhe B-IT dus 4 323 0

By, gALL ¢l w EGIL saodid :FY-1) Jsix

(All categories are positive for CD19 and/or CD79a and/or CD22;
most cases, except mature B, are TdT positive)

B-I (pro-B) CD10-, cpy—, Smig-
B-Il (common) CD10+, Smlg—, cp-
B-Ill (pre-B) CH+

B-1V (mature B) corSmekorA
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Pro-B ———Early-Pre-B Pre-B Immature B Mature B
CLP | Pre-Pro-B | Early Pro-B | Late Pro-B | Large Pre-B | Small Pre-B | Immature | Transitional

Centroblast Centrocyte Immunoblast Plasmablast Plasma cell
B 1 xer1 [ 1xem
_— S 1 Paxs T ) chain T1) chain
T PANS —BLIMP | T paxs T xee1 T IRF4 1 IRF4
TRCL-6—BLIMP | T NF-k8 — T IRF4 —BCL-6| | TJchain T BLIMP1 —BCL-6, PAXS| | TT BLIMP1—BCL-6, PAXS
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DN-1 DN-2 DN-3 DN4
f f ' g T,
Stage of | ' . Double post : oo
m.&.m Stemcell ' Pro-T ' Pre-T ' positive (immature | mature T cell
i Tcel)
Hematopoietic
Hematopoietic stem cell cKit CD25s
- @ stem cell (HSC) CD44
l (HSC)
Marrow < Common Common
lymphoid lymphoid
@ precursor precursor
Blood{ l migration
l migration
[ @ T-cell
ou precursor ¥
ap TCR locus kit CD25 :r:ecltlnsor
ent
Teenengen: sl bl Lol DN1 TCR locus ]
rearrangement Pro-T cell
| —Dp-Jp (double 2 Ay
Oyl ol @ on2 negative, DN)
v, D, = k—\ l TCR B
v’ E°P TCRB RAG Pre-T cell chain
Thymes | VD6 chain | 11 fL | @K ons © expression— Vg-Dp-Jp (double. DN)CD3 LPre-Ty
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Ja l ¥o T cell; few l Pro-T cell W D4
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ons|-|- [~ | @K ona hsitsos Lot [’ {double chain | 2nd
D4 j phenotypé i positive, DP) cos
Tﬂ‘ and Double positive Vo-lp / »L
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18 N @—" cDs8
. @ = Q= T cel
L cDs s migration
Blood{ migration
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(All cases are positive for c or Sm CD3; some cases are CD10

positive)
T-1 (pro-T) CD7+, CD2-, CD5-, CD8-, CD1a-
T-l (pre-T) CD2+ and/or CD5+ and/or CD8+, CD1a-
T-ll (cortical T) CD1a+, membrane CD3+ or -
T-IV (mature T) Membrane CD3+, CD1a-
Group a Anti-TCR af+

Groupb Anti-TCR yo+
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Blood—

Thymus

Immature

Prothymocyte Thymocyte

Common
Thymocyte Thymocyte

Mature
T cell

Mature

Pro-T
T-1
DN-I DN-II

Pre-T
T-11
DN-IIT DN-1V

Cortical-T Mature-T

T-1V
SP

T-III
DP

~ CD45
- CD90
- CD127
- CD7

' CD34
- TdT

. CD44
- cKit

- CD117
- CD25
- CD2

' CD5

' eCD3
Pre-Ty
' CD3

. CD1
CD4/8
' TCR

- CD4

' CDS8

28l o ot CD1+/CD2+/CD3+/CD4+/CD5+/CD7+/CD8 a5l 1851 Gy 45 3584 438 35 Double Positive L Common-T s 8 Cortical-T s se T-IIT 4 4
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Stage CD90 TCR CD4 CDS CD44 CDI117ckie  CD25
ETP (DN1) —Mlow - —flow - + + -
DN2 + - - - + + +
DN3 + - - _ - - +
Pre-DP (DN4) + - - - - - -
DP + + + .
CD4 SP + + + -
CD8 SP + + = Ty

Prothymocyte Immature Common Mature Mature

Thymocyte Thymocyte Thymocyte T cell

CD45
CD34 [

TdT I

CD7 NSNS T—

CD2 - ——————— ]

CD5 I —

cCD3 I
- RN
- ——

CD4
CD8
CD3
TCR
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FAB category

L1TALL

L2 ALL

L3ALL

Cell size

Nuclear chromatin

Nuclear shape

Nucleolus

Amount of cytoplasm
Cytoplasmic basophilia

Cytoplasmic vacuolation

Mainly small

Fairly homogeneous, may bhe
condensed in some cells

Mainly regular

Not visible or small and
inconspicuous

Scanty
Slight to moderate

Variable

Large, heterogeneous

Heterogeneous

Irregular; clefting and indentation
common

Usually visible, often large

Variable, often abundant
Variable

Variable

i
|

Large, homogeneous

Finely stippled,
homogeneous

Regular; oval or round

Usually prominent

Moderately abundant
Strong

Often prominent

-
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ALL L3 or Burkitt type




Extramedulary lymphomatous
mass 1n ALL L3







Prognostic factor in ALL

Factor Poor risk Neutral or good risk
Presenting WCC 30 x 10°/1 B ALl Low presenting WCC
>100 x 10°/1 T-ALL
Age Worse outcome with advancing age Younger age
Immunophenotype I-cell phenotype better outcome than B-cell Expression of myeloid antigens generally
phenotype not associated with worse outcome

Early T precursor ALL (ETP)
Expression of CD20 worse outcome (some

studies)
Cytogenetics 1(9:22) (BCR-ABL1) 122D (ETV6/RUNX D)
t(4;11) (MLL/AF4) Hyperdiplddy

Complex karyotype (five or more chromosomal
abnormalities)
Low hypodiploidy/near triploidy

Specific genetic IKZF1 deletions, particularly in NOTCH1I and FBXW7 mutations in
abnormalities Ph+ ALL [-ALL

tarly response to steroid Poor nitial response to steroid therapy

MRD Positive signal at protocol-relevant time point Negative signal at protocol-relevant time

pomt




Biphenotypic Lukemia




Figure 4.6 Type | haematogones. Later haematogones are difficult to photograph as they cannot be differentiated from normal maturing B-cells.



Table 4.1 The stages of haematogone maturation in contrast

to mature B-cells.

Antigen Stagel Stage Il Stage lll Mature B-cells
TdT Pos Neg Neg Neg

CD34 Pos Neg Neg Neg

CD10 Posbright POs Pos Neg

CD19 Posdim Pos Pos Pos

CD38 Pos Pos Pos Pos/neg

CD20 Neg Posdim Pos Pos

Cyt lgM  Neg Neg Pos Pos



Mature B-cells Type Il

CD19

Type |

CD10

Figure 4.7 A schematic scatter plot showing the distribution of
haematogones and normal B-cells according to CD19/CD10

expression (the inverted S pattern).



Mature B-cells Type lll

Common ALL

CD19

Type |

CD10
Figure 4.8 As per Figure 4.6, with common ALL blasts superimposed.



Type |
Common ALL

Mature B-cells

CD34

TypellT?P9|”

CD20o
Figure 4.10 As per Figure 4.9, with common ALL blasts superimposed.



Haematogones

CD38

Common ALL

CD45

Figure 4.11 Expected distribution of haematogones and ALL blasts
according to CD38 and CD45 expression.



Type |

Typell Type lll Mature B-cells

CD34

CDz20

Figure 4.9 A schematic scatter plot showing the distribution
of haematogones and normal B-cells according to CD34/CD20
expression.



FAB Acute Lymphoblastic Leukemia

Acute lymphoblastic leukemia (ALL)*
L-1 85%
L-2 14%
L-3 (Burkitt's)1% childhood




ALL: Cytochemistry

* The blasts are negative for Peroxidase’ SBB’
naphthol ASD and CAE.

* In few cases of ALL azurophilic granules may
be present but they are Peroxidase and SBB
negative.

e PAS stain shows coarse blocks of material in
at least some lymphoblasts.



Acute Lymphoblastic Leukemia(L1)

SRR




Acute Lymphoblastic Leukemia(L2)




ALL (L2

ilm

(Blood F




(Acute Lymphoblastic Leukemia(L2




cute Lymphoblastic Leukemia(L3)




Acute Lymphoblastic Leukemia
PAS Positive granules




T-Cell Acute Lymphoblastic Leukemia
Sheep Red Cell Rosette Formation




























Investigations




Investigations

e ALL(Lymphoblast)  AML (Myeloblast)
* Blast size :small * Large
e Cytoplasm: Scant  Moderate
e Chromatin: Dense * Fine, Lacy
* Nucleoli :Indistinct * Prominent

* Auer-rods: Never present * Present in 50%



Investigations

2. Bone marrow aspiration
and trephine biopsy

e confirm acute leukaemia
(blast > 30%)
 usually hypercellular




Investigations

3. Cytochemical staining

o) Peroxidase :-

e * negative ALL
e * positive AML

Positive for myeloblast



Investigations

b) Periodic acid schiff
*Positive ALL  (block)
* Negative AML

Block positive in ALL



Investigations

c) Acid phosphatase :

focal positive
(T-ALL)
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Follicular Mantle cell Plasma cell
Marker CLL PLL HCL lymphoma lymphoma SLVL leukaemia
Smlg Weak Strong Strong or Strong Moderate Strong Megative
moderate
Cylg - —+ —+ - - —H ++
CD5 ++ —+ - - ++ - -
CD19, 20,24, 79a +49 ++ ++1 ++ ++ ++ -
CD75b — ++ —+ ++ ++ s —
CDz23 ++ — — —+ =+ —H —
FMC7, CD22 —H ++ ++ ++ + ++ -
CD10 - —i+ - + I+ - —I+
CD11c - ++ ++ - I+ + 4
CDzs —H+ — ++ — - —H —
CD38 —H — —i+ —+ - —H ++
HLA-DR ++ ++ ++ ++ ++ ++ -

CLL, chronic lymphocytic leukasmia; Cylg, cytoplasmic immunoglobulin; HCL, hairy cell leukaemia; PLL, prolymphooytic leukaemia;
SLVL, splenic lymphoma with villous lymphocytes; Smlg, surface membrane immunoglobulin,
The fraquency with which a marker 18 positive in »30% of cells in a particular leukaerma 1s indicated as follows: ++, 80-100%:; +,

40-804:; —/+, 10-40%,; —, 0-9%,

*CLL cells exprass CD20 fairly weakly.

THCL cells are negative with at |sast some McAb of the CD24 cluster.



Disease Smig CD5 CcD23 FMC7 CcD2 CD22 cD CD79 CD200 CD10
ClL Weak ++ ++ - + + ++ - ++ -
B-PLL.  Strong ~/+ - ++ e - - .. - -
HCL Strong - - ++ ++ ++ ++ + ++ -/+
HCL-v  Strong - - ++ ++ ++ ++ + ++ -
SMZL Strong -+ —I+ ++ ++ ++ + ++ + —

FL Strong —/+ —/+ ++ ++ ++ ++ - - ++
MCL Strong s - ++ ++ ++ + ++ - -
DLBCL.  Strong —/+ - I+ ++ ++ ++ ++ ++ —/+ -/+

MM Negative —

+

-+

Scoring: (=), negative or positive in less than 10% of cases; (=/+), positive in 10-25% of cases; (+), positive in 25% to 75% of cases; and (++),

positive in more than 75% of cases.

B-PLL, B-prolymphocytic leukaemia; CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HCL, hairy
cell leukaemia; HCL-v, hairy cell leukaemia variant; MM, multiple myeloma; Smig, surface immunoglobulin; SMZL, splenic marginal zone lymphoma.
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CHRONIC LYMPHOCYTIC LUKEMIA




CLL WITH autolimmune
hemolytic anemia




CLL prognostic factors

Mutated IGHV

Unmutated IGHV

« Early stage (A, O)

« WBC count <30x10°/L

e LDT >12 months

« Low ZAP70

e Low(CD38

« Low B2M

* Low-risk genetics
- Normal, de(13q) (isolated)
- MYDS88 mutations

Median survival > 15 years

Advanced stage (C, IILIV)
WBC count > 30x10°/L
LDT < 12 months

High ZAP70

High CD38

High B2M

High-risk genetics

- Del(17p)

- Complex karyotype

- TP53, NOTCH1, SF3B1, BIRC3 mutations
Median survival: 4-5 years
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Sézary

Marker LGLL-T cell LGLL-NK T-PLL ATLL syndrome
ERFC/CDZ ++ ++ + 4+ ++ +4
CD3 ++ - + ++ ++

CD5 —/+ —/+ ++ ++ 33

CD7 -+ -+ .. ~/+ ~/+
CD4 - - ++ 43 ++
CcD8 <+ ~/+ —~/+ N —

CD2 - - ~/+ 4 —/+
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LGLL-T Cell(T-CLL )

T oz paim b pmnsd qulisdgioml Sl Y

Marker LGLL-T cell LGLL-NK T-PLL ATLL Sezary syndrome
ERFC/CD2 ++ —— — e -

CD3 ++ - + i ++

CcD5 —f- -+ - - -

CD7 —+ —+ ++ —/+ —+ | =  0-9%
CD4 — - ++ ++ ++ |-+ 10-40%
CDs - —+ —/+ — - +  40-80%
CD2 - - I+ ++ -+ |4+ 80-100%
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Hairy Cell Leukemia
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Hairy Cell Leukemia

Tartrate-resistant acid phosphatase reaction







Hairy cell
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Follicular lymphoma cells
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Mantle cell lymphoma cell
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Mantle cell lymphoma

Monomorphic small to medium sized lymphoid cells
with CD5+, CD10-, CD23- phenotype

Most common MCL(80[1‘€90°/0) Indolent MCL
CCND1 + CCND1 +
CCND2 - CCND2 -
SOX11 + SOX11 -
CCND2+ MCL* CCND1- Indolent MCL****
CCND1 - CCND1 -
CCND2 +** CCND2 +
SOX11 + SOX11 -
CCND1- CCND2- MCL*** CCND1- Indolent MCL****
CCND1 - CCND1 -
CCND2 - CCND2 -
SOX11 + SOX11 -
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Aggressive course

Indolent course
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Stage Signs and symptoms Laboratory tests Median survival

Pre ATL none slight lymphocytosis
Smoldering ATL Skin lesions marrow involvement
Chronic ATL lymphocytosis
Lymphoma ATL lymphadenopathy 10 months
Acute ATL all of the above and lymphocytosis, 6 months
hepatosplenomegaly, neutrophilia,
interstitial pneumonitis, eosinophilia, 1 LDH,
opportunistic infections hypercalcemia,

hyperbilirubinemia,
lytic bone lesions
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Floret cell, ,ATCLL
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T (Skin)

T0||Non Diagnostic (eg: Para psornasis)

T1 |Limited patch/plaque (= 10% of total skin surface)

T2 | Generalized patch/plaque (= 10% of total skin surface)
T3 | Tumors

T4 | Generalized erythroderma

N (Nodes)

NO

Lymph nodes clinically uninvolved

N1

Lvmph nodes enlarged. histologically uninvolved (includes “reactive” and “dermatopathic™ nodes)

N2

Lvmph nodes climcally nninvolved. histologically mvolved

N3

Lvymph nodes enlarged and histologically involved

M (Viscera)

MO

No visceral involvement

M1

Visceral involvement

B (Blood)

EO

No circulating atypical (Sézary) cells (= 3% of total lymphocytes)

Bl

Circulating atypical (Sézary) cells (= 3 and <20% of total lymphocytes)

B2

Circulating atypical (Sézary) cells (= 20% of total lvmphocytes)
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Mycosis fungoides Sezary

syndrome

MYCOSIS FUNGOIDES, FLANK
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Histiocyte
Small Cells Intermediate Cells Large Cells
Small round @ ;
(Lymphocyte) Lymphoblast
(Convoluted Lymphoblast) Large non-cleaved
@ (Centroblast)
Small cleaved
(Centrocyte) @
@ Small non-cleaved
(Burkitt’s lymphoblast)
Plasmacytoid small lymph Immunoblast
(Immunocyte) (Immunoblast)

®

Monocytoid small lymph
(Monocytoid lymph)
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Host response The malignant cell
(Reed-Sternberq)

Plasma cell
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Plasma cells
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Lymphoplasmacytic lukemia
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Promonocytes







