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2 types of clagsification

. WHO
*¢* Classification 2 B

»AMLs are diverse in terms of genetics, cellular
lineage, and degree of maturation.

» The WHO classification relies on these features to
divide AML into four categories:

(1) AMLs associated with specific genetic aberrations Ex: trandocatione
~abnormal morphological changes in cells

(2) AMLs with dysplasia, many of w
(3) AMLs occurring after chemotherapy

(4) AMLs lacking any of the foregoing features
(subclassified based on the predominant line of
differentiation that the tumor exhibits) NOQ

ich arise from MDSs Myelodysplastic
ayndromeg

WHO Classification of AML

2016 Revision: AML and Related Neoplasms

* AML with t(8;21)(q22;q22.1),RUNX1-RUNX1T1

* AML with inv(16)(p13.1922) or t(16;16)(p13.1;q22);CBFB-MYH11

*  APLwith PML-RARA

* AML with t(9;11)(p21.3;423.3);MLLT3-KMT2A

*  AML with t(6;9)(p23;34.1);DEK-NUP214

* AML with inv(3)(q21.3;426.2) or (3;3)(q21.3;426.2); GATA2, MECOM
* AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);RBM15-MKL1

* Provisional entity: AML with BCR-ABL1

*  AML with mutated NPM1

* AML with biallelic mutations of CEBPA

* Provisional entity: AML with mutated RUNX1

AMLS with myelodysplasia-related changes
Therapy-related myeloid neoplasms

AMLNOS

+ AML with minimal differentiation
* AML without maturation
* AML with maturation
* Acute myelomonocytic leukemia
*  Acute monoblastic/monocytic leukemia
*  Pure erythroid leukemia
*  Acute megakaryoblastic leukemia
* Acute basophilic leukemia

* _Acute panmyelosis with myelofibrosis
Arber DA, et al. Blood. 2016;127:2391-2405.




FAB (French American British) classification of AML

o ol Uas (5,¥) Lo Lo 5,480l
AML-MO (minimally differentiated) —— >20% blasts e o o R b Ledyses
<3% blasts are MPO + L33 il MO to M7

Myeloid antigens +

No Auer rods

AML-M1 (without maturation) = >20% blasts

With differentiation >3% blasts are MPO+
Mogt of the celle are mgloblagf <10% promyelocytes or mature cells

AML-M2 (with maturation) —  >20% blasts

0,
i oy ln WA oo ST Lo >3% blasts are MPO+

>10% promyelocytes or mature cells
promyelocyte

<20% monoblasts and promonocytes



AML-M3 (acute promyelocytic leukemia)

M2 ;e ,<i promyelocye J! duu
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>20% blasts and promyelocytes
Intense MPO reactivity

© Associated with t(15,17)

ARUCT TOUS U (ye Jdc J9a g Hiau Q)

AML-M4 (acute myelomonocytic leukemia)

Mixture of celle (myeloblagte, monoblagts, promonocyteg)

AML-M5 (acute monoblastic and monocytic leukemia)
monoblagte + monocytes J! «xis LT alaas

\

High incidence of DIC (Dieceminated [ntravagcular Coagulation)

>20% myeloblasts, monoblasts, promonocytes
Monocytic cells range from 20%-80%

Cells stain positive with lysosomal non-specific esterase.

>20% monoblasts, promoncytes and myeloblasts

>80% monoblastic cells (5A) or monocytic (5B)
No Auer rods

MPO -



AML-M6a (Erythroleukemia) >50% are erythroid precursors

Mix with erythroid precureorg >20% myeloblasts among non-erythroid cells
J3 agionns G
AML-M6b (pure erythroid) >80% of marrow cells are immature erythroid cells

erythroid precurgor J! duws el N :
J P JIs > No significant myeloblastic component

AML-M7 (megakaryocytic) >20% blasts

>50% megakaryocytic cells




AML Course & Prognosis Jeail ALL Jr prognosie J!

- Rapidly fatal if untreated.

- With chemotherapy, 70% remission rate and 15- %
0 : QO
20% 5-year survival. o,c\'b
s Good prognosis :*; \
t(15;17) q . "
ELT e T [RIE a1 ;cr(]s\;/,(zlé)) ome genetic abnormalitieg

W
Patient age “K - ,3:%“

¢ Poor prognosis

WBC count at presentation Age >60y
Prior MDS (dysplasia) wn m

De novo vs. Secondary leukemia Therapy-related AML
Leukocytosis >100,000/uL

Early relapse— 3,0 ;LS aa, tumour J!I gdke aas
del 50or7
t(9;22)

Cytogenetic abnormalities




The major differences between AML and ALL
Feature AML ALL
Age Common in adults Common in children
Rare in children Rare in adults
Blood Myeloblasts Lymphoblasts
Morphology Medium to large blasts Small to medium blasts
More cytoplasm Little cytoplasm
Cytoplasmic granules No granules (90%)
Auer rods No Auer rods
Fine chromatin Fine chromatin
Distinct nucleoli,Large Indistinct nucleoli  Small
Myeloperoxidase Positive Negative
TdT Negative Positive
CD Markers CD13,CD14 CD10,CD19,CD20
CD15,CD33,CD64 CD21,CD23,CD79a




Morphologic comparison of lymphoblasts and myeloblasts.

A. ALL: Lymphoblasts have fewer nucleoli than do myeloblasts, and the nuclear chromatin is more
condensed. Cytoplasmic granules are absent.

B. AML: Myeloblasts have delicate nuclear chromatin, prominent nucleoli, and fine azurophilic granules
in the cytoplasm




Neoplastic Proliferations Of White Cells

Hematologic malignancies

— T

Myeloid disorders Lymphoid disorders
T
Chronic Chronic
myeloid lymphoid

disorder disorder

Chronic Chronic Myelodysplastic
myeloid myeloproliferative syndrome

leukemia diseases

* Polycythemia vera
« Essential thrombocythemia

- Myelofibrosis with myeloid metaplasia




Myeloproliferative Neoplasms (MPN)

A family ofiacquired malignant clonal disorders of
B e g ol e U e (pluripotent stem cells with resulting@bnormalities in one’
L or more cell lines..
mgg#ggﬁél(ﬁgﬁyVE — At least initially, the clonal stem cells—

immature celle e o< differentiation
mature looking e cs<e cys<c MON JI Ll
abnormal functionally s



o Four major diagnhostic entities are recognized




o General characteristics

- Hypercellular marrow with maturation
(@ Effective hematopoiesisperipheral blood J! e alls ¢, bone marmow J1 4 8asasll Lotadl &Y
© Elevated peripheral blood levels of one or more cell lines:

© granulocytic (CML). £ g in 5 S Sae WA 5 £ 6]
> erythroid (polycythemia vera) sals3ll 055 ¢, Myeloproliferative Neoplagme



1. Chronic Myeloid Leukemia (CML)

- A disorder characterized by massive overproduction of normal-appearing but somewhat
defective granulocytes.
_

- Adults between 25 and 60 years (peak in 4t-5t decades).

_IDifferential diagnosi o
€ % tial diagnosis - Jie genetic testing J! T oy o¥ladl gla o4
- Leukemoid reaction (a dramatic elevation of the granulocyte count in response to

infection, and chronic inflammation),,,,,, Distinction can be achieved by testing for the
presence of the BCR-ABL fusion gene.

EX

)
- Other MPN



_JPathogenesis:

CHRONIC
NORMAL MYELOID
CHROMOSOMES LEUKEMIA
9 22 9 o
@
BCR
BCR
_ locus A/ locus AR B
_ hybrid gene
ABL
_ oncogene
— %\; Tyrosine Tyrosine
kinase =—— .
‘ inhibitor klnilse
ABL

Activation of
growth factor
signaling
pathways

oncogene
The BCR-ABLI fugion gene ig present in hematopoietic stem cells, ag well ag

their progeny, including granulocytes, erythroid cells, megakaryocytes, and B and
T cell precursors. However, the oncogenic effect of the BCR-ABLI fugion
rotein ig primarily limited to the granulocyte and megakaryocyte lineages




Clinical Features

7® (@ -
- Early: patients appear normal r ):'.ﬁ
- The onset is insidious. ratioue Mloss | Loss of appetite
* The initial symptoms usually are ® - (g r{l
nonspecific (e.g., anemia with fatigue, ﬂ ’R | ,‘
weakness, anorexia, weight loss) Shortness of  Bome pain Enlaged

breathe spleen

* Bleeding tendencies.

°* Infections.

- Dragging sensation in the abdomen caused
by splenomegaly.

- Median survival of 3 years, even without
treatment




d Laboratory Findings & mature megakaryocytes and granulocyteg J! s ¢ysSi 3aL3)1 ageo

B P peripheral blood sl alks ¢, bone marrow J! o8 il ol LA Lss oY

- The leukocyte count is elevated, often exceeding 100,000 cells/pL. Tgranuloogfeg

- The circulating cells are predominantly neutrophils, metamyelocytes, and myelocytes, but basophils
and eosinophils are also prominent

— High platelet counts (early), thrombocytopenia (late) I megakaryocytes

-Mild to moderate anemia

o, -Low/absent leukocyte alkaline phosphatase (LAP) scores



] Pathology

Bone marrow:

- Markedly hypercellulariowing to increased numbers of maturing granulocytic
and megakaryocytic precursors.

- Mild reticulin fibrosis

- Blasts <10%

Spleen

- Expanded red pulp with extramedullary hematopoiesis



CML—peripheral blood smear: Granulocytic forms at various stages of
differentiation are present

~ neutrophil

.

¢ -
. lymphocyte ‘

early promyelocyte with  *
cytoplasmic granules

.

’
early metamyelocyte







. Course and Prognosis

- Slow progression of 3 phases (chronic, accelerated, and blast crises phases).

Chronic phase

01-5 years

oMild-moderate elevation of WBC
oMild anemia

oBlasts <5% in BM

o0rganomegaly, which responds to intermittent myelosuppression



Accelerated phase ..i. .,y

o 50% of CML cases
o Increase WBC count despite treatment

o Increasing anemia

o New thrombocytopenia

o The appearance of additional cytogenetic abnormalities = 2~ xie s, L cancer celle J!
o Increasing splenic size despite treatment

o 10 -19% blasts in BM  acute leukemia JI Lluay Ls Laas eligd %20 ope J3I



Blast crisis acute J chronic oo tisas

© > 20% blasts (definition of acute leukemia) or extramedullary blast proliferation

> Abrupt or gradual over weeks (Can occur abruptly without the previous accelerating %
phase)

> 70% are myeloid leukemia s¢ lymphoid 0,5 Jlaial od o]

- 30% are lymphoid leukemia atem celle o oLo Lula¥ | mutationg JI ¥

o Associated with additional chromosomal abnormalities



increage in the concentration of red blood

[ PO chyt h e m i a } celle in the bloodetream due to a decreage

in plagma volume, rather than an actual

increage in the production of red blood

Causes of Polycythemia / celle by the bone marrow.

*Relative : Reduced plasma volume(dehydration due vomiting or diarrhea): Hemoconcentration
*Absolute:

! | Primary: PV

1 Secondary: Increased Erythropoietin level:

- Adaptive: Lung disease, Smoking, cyanotic heart disease, high altitude living

- Paraneoplastic: Erythropoietin secreting tumors: RCC, HCC



erythropoietin JI pathway J! sd Jai JAKZ ay3i)
a3y 1ia o8 mutation JI 5 thrombopoietin J

2. Polycythemia Vera (PV)

Lol sla o4 proliferation JI e a5

- Insidious clonal disorder of pluripotential hematopoietic stem cells dominated by an expansion of the'red
cell mass.

- Strongly associated with activating/mutations in the tyrosine kinase JAK2.
- This produces an excessive proliferation of erythroid, granulocytic, and megakaryocytic elements
(panmyelosis).Ooly = pan

- But most clinical signs and symptoms are related to an absolute increase in red cell mass.

erythroid celle JI sa & 53 ST o< gy Lolaldl <
() Associated with low levels of serum erythropoietin OsSi abe¥ ! S el red mage ! (od 3als oLl
[f gerum erythropoietin levels were red magg Jbs dasi e

high in a patient with polycythemia , it

would be geoondari iolioifhemia
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2016 WHO Classification
Major Criteria 1.(Hb > 16.5 g/dL in men/Hb > 16.0 g/dL in
, , ) women, of Het 3 49% in men/Hct > 48% in —.T Red mage
99¢ genetic tegting Joas &,udll Lie Lo of women, O

T Red mage JLBaby Le < oSG 2.(BM biopsy showinghypercellularity for
" age with trilineage growth (panmyelosis)
+ including prominent erythroid,
¥ Erythropoietin granulocytic, and megakaryocytic
proliferation with pleomorphic, mature,
megakaryocytes (differences in size);
+ panmgelogig in BM 3.(Presence of JAK2V617F or JAK2 exon 12

mutation */l00

Minor Criteria Subnormal serum EPO level

All 3 major or the first 2 major and the

Criteria required for diagnosis Hinorciterion




*¢* Clinical Findings

- Appears insidiously, in late middle age.

T RBCxq Polycythaemia rubra
- Manifestations are related to expanded blood volume, increased blood ;‘fgil;gﬁ‘at_‘e“tw‘th

viscosity, and thrombotic and hemorrhagic tendencies (Due to excessive
distention of blood vessels and abnormal platelet function):

plethoric: ekin appears reddened due to increased blood volume ¢

flow
“*Thrombosis and infarction: Especially heart, spleen, and liver (Hepatic

vein thrombosis called Budd-Chiari syndrome).

“*Patients are plethoric and somewhat cyanotic.

“*Headache, weakness, hypertension, GIT Sx, hematemesis, and melena
are common

*2*Pruritus.

“*Splenomegaly




o L
¢ Laboratory Findings mature IS5 Lol 6l S5 s olle <€

abnormalities functionally s L

(The platelets are functionally abnormal in most cases, and giant platelets and megakaryocyte
fragments are often seen in the blood)

- Basophilia is common.

**Pathology

Bone marrow:

- Hypercellular owing to increased numbers of erythroid, myeloid, and megakaryocytic forms.

- Some degree of marrow(fibrosis:

- Organs thromboses and infarctions




Chronic Myeloid Leukemia J1 & 1537 cye anls 1 S35 age
acute leukaemia J1 dla e o8 Jasy (2L o Sas

» PV Course & Prognosis Spent phase J1 5

- Proliferative phase
Erythroid proliferation S ol Gy i
Median survival =10 years (With repeated phlebotomy)

- Spent phase: 15-20% (marrow fibrosis) -k <! bone marrow J! <

sl U<
- AML: 5-10% ==

treatment J! (e aaias qurvival J

-Without treatment, death occurs from vascular complications within months.

- With treatment, the median survival is increased.



