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ACUTE MYELOID LEUKEMIA

Introduction 00:00:15

Feotures :
Acute mge\o'\d leukemia. (AML) is o neoplasm characterized by :

InSikkrodion of the blood, bone marrow, and other tissues.

Proliterative, clonal, poorly ditSerentioted cells of hematopoietic system.
1.3% of all cancers.

21% of all acute leukemias.

eut, 6a% of oll leukemic deaths.

AL is the most common acute leukemia in older patients, with a. median

oge ok d‘\agnos'\s of b7 years.

Couses:

\diopathic (most common.
Genetic pred\spos'\’don.
Rodiadion.
Chemicals/other occupoational exposures — Benzene, chloramphenicol,
pheng\bu’cazone.
Drugs :
i Alkyloding agents — Lakency period of S yrs Chrs s D.
il. Topoisomerase-I\ inhibitors — Latency period of -3 yrs Chr 10a2).

Clossification of AML :
LWHO a0l mgelo'\d neop\asms with Serm\'me preo\\spos\’c‘\on :

NN with 8erml'me pred\spos\’c‘\on :

°* AML with 3erml'me CeBPA.

° MmN with Serm\'me DOXA.

NN with 5erm\'\ne pred\spos‘\’don + pre—ex'\s’c'\ng p\a’ce\e’c disorder :

° MmN with 8erm\'\ne RUNXI.

e N with 8erm\‘\r\e ANKRDG.

°* MmN with Serm\‘me eTVo.
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NN with germline predisposition + other organ dystunction :
* MN with germline GATAQ.
* N with amM Lailure syndromes.
* N with telomere b‘\ologﬂ disorders.
* N with Down/Noonan syndrome.

Down 35nolrome associoted AML ¢
2 F\ge <4 years.
* Acute megalﬁarﬂoblas’dc ’r5pe
* mutotion of GATA | gene.

Pre malignan’c stotes :

CHIP or ARCH DUsS Icus
Mutodions + = =
Dysplasio. = + =
Cytopenias = = +

* Mutations in DNMT2A, TETAR, ASXLI,DTA has 10X rigk of haemadological
malignancy and increased risk of v rortolity,

* ARCH: Age-reloted clonal hematopoiesis.

* CHIP: Clonal hemodopoiesis of indeterminate potential.

* ICUS : Idiopathic eytopenia. of undetermined significance.

* IDUS : Idiopathic dysplasia. of undetermined significance.

Diagnosis of AML 00:04:39

Cose scenario :

A SO year old man with %GdSue and gum bleed since a weeks, CAC 7.0 / 1.3S lac
/15,000, peripheral smear reports 80% otypical cells (Shown in panel on right),-
Sow cg’come’crﬂ shows cells +ve for CD4AS dim, cmMPO+, CD34+, CDI3, CD23+,

COIIT+, w -
Diagnosis is AML. ‘
@, ®e ©

PeripheroJ smeoy

Clinical Clinical Hematology * v1.0 « Marrow SS Medicine



Acute Myeloid Leukemia |

Flow cg%ome’crg/ immunophenotyping :
* uses antibodies against specific proteins on surface of cells to difSerentiote
leukemic cells from normal cells.
* Side scaftered indicotes granudar'\‘\'ﬂ) Lorword scattered indicotes size.

BASIC COMPONENTS OF A FLOW CYTOMETER

light flow optical light computer
source chamber system detectors

i

FLOW CHAMBER sample

(with some dyed cells)

[¢]
g

cells in suspension

side scattered light from
all cells and fluorescence
from dyed cells

forward scattered light
from all cells

laser light
source

{;}‘\- fluorochrome

#— antibody

cell

| 004004004+%0

H
H

Flow cg’come’«g
Auer rods :

* Auer rods are rod-shaped crgs’cal\\ne structures
derived from the primary granules of m\jelo'\d
cells.

* Auer rods are of considerable diagnostic

ond the neop\as’dc noture of the condition

observed,

nssisnmen’c o¥ lineage :
LOHO 3008 Acute leukemios of ambiguous lineage

Lineoge Requirements

mge\operox'\dase (Sow 05‘come+r5, imnunohistochemistry or cg%ochemis&rg)
or
monocytic ditSerentiation (DifSuse positivity Sor NSE or odleast two of the
$ollowing : CDIIe,CDI4,CD26,CDE4 lYsozyme.

mkjelo'\o\,

Cytoplasmic CD3 (Flow cytometry with antibodies to CD3 epsilon chain
T. or
surface CD3.

Strong CDI9 and strong expression of atleast one of the Following :
CD7190, cg‘cop\asm'\c cDaa, CoIo.
2. or
Weolk CDI9 and strong expresion of ofleast two of the Following * L7190,
cytoplasmic CDaa, CHIO.
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AML

WHO 3016 classification :
It is bosed on :
* Clinical presentadion.
L morpholo%.
® C@Jcogene’dcs.
* molecular $features.

Diagnosis :
BmM (or blood) blast count 230%, except for AML with recurrent genetic
obnormalities.

(ST}

ii. +(&aD.

iii. v or 46l

Acute myeloid leukemia (AML) with recurrent genetic abnormalities
AML with t(8;21)(q22,q22); RUNX1-RUNXTT1
AML with inv{16)(p13.1922) or t(16;16)(p13.1,q22); CBFB-MYH11
Acute promyelocytic leukemia with PML-RARA
AML with t(9;11)(p21.3,q23.3); MLLT3-KMT2A
AML with t(6;9)(p23,q34.1); DEK-NUP214
AML with inv(3)(q21.3q26.2) or (3:3)(q21.3;q26.2); GATAZ MECOM
AML (megakaryoblastic) with t{1;22)(p13.3;q13.3); RBMI5-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1
AML with biallelic mutations of CEBPA
Provisional entity: AML with mutated RUNX1
AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, not otherwise specified (NOS)
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
Myeloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome

AL classificotion
Associodion of chromosomal albnormalities with specific features :
* 1v(e) (pI31ga8) with abnormal &m eosinophils.
* (853D (93a508a * Slender Auer rods, CDIO+, increased normal eosinophils,
mﬂeloid sarcomaos.
* (s : DIC.
* 95D (p335082), other lI9a3 obn : monocytic feotures, em involvement.

Clinical Clinical Hematology * v1.0 * Marrow SS Medicine



Acute Myeloid Leukemia

*  NPMI mutoation esPec\aJ\5 when co-ocCuming with FLT2 mutotion: Active space -
“Cup-shaped” nuclear morphology, high weC count.

* (83D and t(siD : Younger age.

* Delsg, del1g, TPS3 mutoadion : Older age.

APML 00:14:48

A sudo’cBPe of AML. There is block in mge\o'\d difSerentiotion of the promﬂe\ocg’ce

level.
Blast Promyelocye Myelocye

+
wn <« Ul "N

Neutrophil Band Metamyelocye

mge\o\d difSerentiotion

Peripheral smear findings :
* Normal promge\ocg’ce > Less prominent nucleoli, Primary (azuroph'\hc)
granules, nucleus with immadure chromadin.
* Abnormal promﬂe\ocgke * Apple core/ buﬁeri\g wing nucleus, prorm'men% violet

Smnudes N c5+oP\a3m.
* Pathognomic %nd‘mg of APML : Faggo’t cells — punch of auer rods.

FREMELCOVIE ¥ g
Primary (azurophilic) .

Less prominent
nucleoli grantiles

Hypogranular AML-M3 - Apple core nucleus
or butterfly wing nucleus

Nucleus
with immature
chromatin

PO &
&
Abnormal promge\ocg’ce

Eo

- 10um

Normal promge\ocg’ce

The bare naTes sEprae thews nunetous shaormal promrysiocyles wih proninect
oo, e ol wcuta [

Vo W A 4R D00 93 4 SHER-E0E

Faggo’c cell
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AML

i ul L
H5per8mn e J“:)Pi colar e, H5Pogrcmudar or microgranulayr AP

(m2aw).
©0 to 70% of coses. Leukocytosis.
Numerous albonormal promﬂelocg’ces
Low white blood cell count. reao\ilg identified on aperipherod blood
smeay.

Abnormal promgelocg’ces with

numerous red to purple cg’coplasmic \rregular nucleus and granulotions
granules that are Jojpicod\g darker sparser and finer compared with the
and lourger than normal neutrophil hﬂpergmnujour Sorm.
gronules.

ldentifiable ¥a850’c/ modchstick cells Faggo’c cells with mud’r'\ple ouer vods less
with numerous auer rods. commonly seen.

S e
®-

- e

“’2" 

AML-3v

APM

Tgpicod characteristics in Sflow cg’come’crg :
* Intense MPO posmvwg.
* Awtofluorescence on CD4S on X axis and side scottered cells on the Yy oxis.

A [Ungated] CO45 PC5.5 7 S5 T
1o . i o 10004 -~
Granuiocytes
. 768 80
Plasma cells, e
eythroid = ——p—1 ¢
) 5124 2 6o 00
precursors, etc | Monocytes v ; g
256 ) 2 ol G
’ ! B Lymphocytes
0 - 0 200 @
ks 1 2 4
10° 10"/ 10 ® 10
/cm&eco 1 , DI =«
B 10 10 1 w W 1 w % 10
lasts . i N CD45 PC5.5
AutoSluorescence

T o

MPO positivity

K
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Acute Myeloid Leukemia |

°* Flow 05’come+r5 podtern in pemL : A ' I n

-
i, HLA DR CD24-. -
4

Myelo/monoblast  Promyelocyte MyéE)cﬁe Metamyelacyte  Neutrophil

+ + +
. CDI2+ CD33+ COIIT+. cp34 Band cell
cbn7 cbn7
iii. CDlb-. HLA-DR
cD13™ cD13™ cD13™” CD13 cD13™"
cD33™" cD33™ CcD33" cD33*™ CD33
CD15 CD15 CD15 CD15
CD11b CD11b CD11b™"
CD16 cD16™

Staining 3. CD34 / CD117 / CD45/CD13.33

Staining 5. CD16/ CD13 / CD45/ CD11b

Pathogenesis : Flow cytometry in APML
Padhognomic of APML is IS/17 translocakion/PrL RARA.

This translocation was given by Janet rowley M.D. (19aS - 301%).

Normoal cellular functions :

RARA :

* RAR-alpho interocts with RXR .

e Normal RAR-0—RXR heterodimer recruits corepressor (CoR) or coactivators
(Com complexes at the chromatin level to differentially regulate transeription
of its target genes.

P

* Present in spec'\?\c nuclear structures called nuclear bodies (Ne).

* Promotes apoptosis, ond acts as o tumor Suppressor.

APL PML-RARA degradation by RA/As APL + RA/As
! PML-RARA < 7 PML-RARA
!* LIC sof renowal EWWM ++ LIC self renewal
- x % oy
¢ @B t “éusé:ﬁ Yo b ©
P yo h S -d
24
| i 1
e A 3 . -
| P LN
&) ' < 3
; & :
E = 14
Ca-Al Co-& . &
iy BB £PL% s |
NO dfferantanon Y V. W , “%ib"‘ D D‘ra!:?o"::-g»‘m f
i —— /3 » . P ‘\
é é suuo-_z; 3,«(5&!!40 ‘
oo i
@9 Q\ Proteasome /%gb U%
§ ) uw 5o .
S K i
b * - ] |
A B Cc
| CORMosculy Patheays - ‘ AC

PML RARA gene po@choger\es'\s
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AML

mMutodions :

NP, biallelic CesPp — good prognosis.

FLT3 mutations — gither 1TD (bad prognosis) or Trd (uncertain prognosis.
FLT2-1TD — Occurs pre%renﬁang in CN-AML.,

FLT3 allelic ratio (number of mutated alleles +o wild-type alleles) is more
relevant (Alielic ratio is determined bg DMF\—?raSmen’c leng’rh anodgsis. AuUC of
FLT2-ITD / AUC of FLT3-wild type).

Rotio <05 — low allelic ratio (AR) — good prognosis.

Rodtio >0.5 — high allelic ratio — pad prognosis.

Clinical features of AML 00:26:44

Salient features :

Fatique (SO%).

Anorexio. and uoeigh’c loss .

Fever with or without an identifiable infection (0%).
Signs of abnormal hemostasis (S%) :

eleeding ) easy bruus‘mg.

Petechioe.
gone pain.
Lgmphadenopa’chg.
| Leukemio cudis. | Sweet syndrome.
Locodion. Trunk. Faceneck,arms.
Tenderness. No. Yes.
s . ;:f;r‘:: ﬁéﬁ ;Tﬁ; oo | Infitrate gsz new«ophusa DitSuse/
e et (e e band like dermal infiltroate.
Rx. Same as underlying disease. Steroids.

Leukemio cutis Sweet syndrome

AL feotures

Clinical Clinical Hematology * v1.0 » Marrow SS Medicine



Acute Myeloid Leukemia

Myeloid sarcoma 00:28:54

general features :

* extramedullary collections of myeloblosts.

* Skin, LN, &IT, soft tissue, and testis.

* pssociotion with monosomy T, frisomy) 4, trisomy 8, lIga3 rearrangemen’c, in-
versionli], t(8;a1].

* mMay precede or coincide with blood and/or &M involvernent by AML.

* mS pafients typically develop blood and/or &M involvement ouickly
Hhereofter and. cannot be cured with local Rx (radiakion or swrgerﬂ) olone.

mge\o'\o\ 20CoOMoL

Risk stratification of AML 00:30:03

eLN 2017 rigk strotification of AML :

Complex CT& *
>3 unreloted CTE abn [in absence of £(85aD, iV 1o, 1659, +(93D, inv(2), AnL with

BCR-ABLI
mMonosomal Har5o+5pe :
* 1 monosomy (except loss of X or ¥) + | additional Monosomy.
* I monosomy + | additional structural CTE abn (except CHF amL).

+oyD) + adverse risk mutotions : Count it as +(93D

RUNIXI, ASXLI, TPS3 should not be counted for prognostication, i# they occur with
Lavourable risk CTE,

Clinical Hematology * v1.0 *+ Marrow SS Medicine
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RISK CATEGORY* | GENETIC ABNORMALITY

----- Active space ----- Favorable 1(8:211922:922); RUNX1-RUNX1T1

inv{16)(p13.1922) or {16;16)(p13.1,22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-TDwe)
Biallelic mutated CFBPA

Intermediate Mutated NPM1 and FLT3-ITDbsel

Wild-type NPM1 without FLT3-ITD or with FLT3-ITD's#
(w/o adverse-risk genetic lesions)

19;11)p21.3,923.3); MLLT3-KMT24¢

Cytogenetic abnormalities not classified as favorable or
adverse

Adverse 1(6:9)(p23:934.1); DEK-NUP214
tlv;11923.3); KMT2A rearranged
1(9;22}(q34.1;911.2); BCR-ABL1

inv(3){q21.3026.2) or t(3;3)(q21.3,q26.2); GATAZ,
MECOMIEVIT)

=5 or del(5q); -7; ~17/abn{17p)

Complex karyotype,® monosomal karyotype'
Wild type NPM1 and FLT3-ITDbse

| Mutated RUNX P

Mutated ASXLI

Mutated 7P53"

Prognostic factors :
* Potient reloted.
® ﬂge.
. Comorbidities : lnodoili’cg to give intensive chemo.
i Intrinsically more resistant disease Higher number of mudtations, CHIP
S DS,
* Poor eCOG-PS.

Disease reloted :
l. Og’cogene’dcs :
* D have o very good prognosis (85% cured).
* CBF-AML - (83D, inv(i) have a good prognosis (5% cured) (exception — KIT
mudodions).
* NoCTg abnormodi’rg - 40% cured.
* TPS3 mutation, complex karyotype, (&9, inv(3), or =7 — Very poor prognosis.

3. Antecedent MdDS/MPN.

2. Cg’copenia duradion :
* Lesser CR rate in pofients who have had anemio, leukopenia, and/or
’chrombocSJcO{Jema for »2 months before the diagnosis of AML.
4. Hyperleukoeytosis (>100,000/microL) : Risk 0% early CNS bleeding and
pudmor\arﬂ leukostasis.

Clinical Clinical Hematology « v1.0 » Marrow SS Medicine



moleculox prognos’dc moykers :
Prognoshc molecular markers in AML are not mwcual\g exclusive § otten occur
concurrently (>80% potients have ot least 7=3 prognostic gene mutations), the

likelinood that distinet marker combinations Moy be more informative thon s‘mgle

Acute Myeloid Leukemia

movkers
NP FLT2-ITD
Fovoroble + =
+ +
Intermediote
Bod - +
GENE SYMBOL | GENE LOCATION PROGNOSTIC IMPACT
NPMI mutations 5935.1 Favorable
CEBPA mutations 19q13.1 Favorable
AT31TD 13q12 Depends on allelic ratio and
: NPM1 mutational status
KIT mutation 412 Adverse
AT3TKD 13q12 Unclear
RUNX1 mutations ‘qnn Adverse
W mutations 11p13 Adverse
ASXLI mutations 20q11.21 Adverse
DNMT3A mutations 2233 Adverse
:DH mutations (10H! and 2034 & 15g26.1 Adverse
KMT24-PTO 128 Adverse
TET2 mutations vl Adverse
BAALC overexpression 80223 Adverse
ERG overexpression L Aq23 « Adverse
MN! overexpression g1t : Adverse
EViloverexpression 39262 Adverse
miR-155 overexpression  21g213 Adverse
miR-3151 overexpression 89223 Adverse
mif-181a overexpression  1g32.1 and 99333 Favorable
*This table excludes acute promyelocytic leukemia.
Abbreviations: AML, acute myeloid leukemia; ELN, Eurapean LeukemiaNet ITD,
internal tandem duplication; PTD, partial tandem dupfication; TKD, tyrosine kinase
domain, WHO, World Health Organization
Treatment 00:35:35

Pre treatment evaluation :

D‘\agnosis :

o CoC : median WAC IS,000, I/3rd - <SK, 80% - llac, <5% —= Aleukemic

leukemio.

o Platelet <loc in 5% (/440 with <asK).
* &m aspirate, biopsy, Sow-cytometry, CTE,

Clinical Hematology * v1.0 « Marrow SS Medicine
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QeS{Jonse ossesment :
Definition of CR :

Fitness :

LFT, RFT (espec'\od\g uric acid, calcium,

Purine cotabolism

ereat, phosphorue). ;

Coagulation — PT, PTT, Fibr'mogen)

D-dimer. Hypoxanthine @
Cardiac — €cho or MUGA scan. i \ i
Viral markers, Xanthine > Xanthine oxidase
Blood 9rouping. 'L &«

uric acid

Future : HLA moecch'\ng) cryopres—

Urinary excretion, normal endpoint in human

ervation of leukemio cells, sperm

| Urote oxidose

|
cruopreservotion. ‘ "
\[j e | rasburicase | i
_Yosouricase 1y

Allantoin

ur inary excretion

Purine cotobolism
Achievement of CR is associoted with better outcome and |on8er survival.

ANC 21000/micro L.

Platelet count 2100,000/micro L (Hb is not considered in determining CRD.

BM blasts <S%, without Auer rods.

Circuloding blasts should be absent. ﬂl’chOuSh rore blasts may be detected in
the blood during mawrow regeneradion, Jcheﬂ should disappear on successive
studies.

&x’cmmedul\arﬂ leukemia. should not be present.

Principles of treatment :

Rx divided in & parts : Induction § Consolidation.
Induction ’chempg : To induce CR.
Consolidation chemo’chempg : Prolong survival and achieve cure.

Induction chemo’chempg :

Intensive chemotherapy e — 1+3 regimen :

7 days Ara-C (100-300ma/ma/d continuous infusion) + 3 doys Daunomycein
((oOmS/ ma/d.

CR rates : Young (“bOyrs) — LO-80%, elderly & — 30-60% CR.

Rest have induction deadhs or dmg resistant leukemio.

Cg’cambine : Cell 05016 speci%c (S—-phase) becomes phosphorglo@ced
intracellularly to an active triphosphote form .Interferes with DA synthesis.
Anfhracgclines : Ce\\—cgc\e nor\—-speci?\c (DN intercalotors),inhibition of
topoisomerase |, leading to DNA breaks.

Clinical Clinical Hematology * v1.0 + Marrow SS Medicine



Acute Myeloid Leukemia

consolidaion or Post-remission Rx in favourable risk AML IDAC/HIDAC
* Puroble CR-I is critical to \ong—’cerm survival in AmL.
* without further theropy after induction, virtually all patients relapse.
* Consolidadion Rx is given o eradicote residual leukemic cells to prevent re-
lopse.
* HDAC (3 g/m3, everyla hon D, 3, S or IDAC (-1 g/maD.
* Number of cycles ¢ a-4.

Consolidotion or post-remission treodment in Intermediote or h'\gh—r'\SK AL :
* Allogeneic HCT is the best relapse-prevention stroteqy cwrrenﬂg ovadiloble
for AML.
* why transplant ?
i. Once AML relapses, it is @pical\g resistant to chemo’cherapﬂ.
il. Hence, allogeneic HCT in CRIis o favoured strateqy.
* why allogeneic HSCT, it autologous HSCT has less transplant-reloted
mor’cam—g ? Relapse rofe is less due to Sm%—\/erw&\eu}«emia effect.

Novel agents :

FDA approvals in d0IT ¢

* gemtuzumab ozogomicin.
* gnasidenib.

° midostourin.

* CPXa9l.

gemtuzumalb ozogamicin ¢
* | gep/ 01T, FOA approved.
* ndicotions :
.. Adults with newly diagr\osed CD32+ AML.
ii. 78 yrs with Co33+ AML relopsed / refroctory,

MYLOTARG" |

(gemtuzumab ozogamicin 4
for Injection)

5 mg/vial

Store. d solution
refrigerated for up to 8 hours.
Protect from light. ‘Js 451001 3
‘ienluhr?a;roze aRmi[c;h @
% Injection) 2
Wyeth Laboratorief > mehial
.‘A’ Division of Wyeth-Ayers} Bonyy
Pharmaceuticals inc. Ww,..,, Laborstores LIREE
Philadelphia, PA 19101 Ovaion o iyt Aperst PO
Pitadetphia, PA 19101 -

gemtuzumob ozogam'\c‘m

Clinical Hematology * v1.0 - Marrow SS Medicine
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14 AML

mMidostourin :
FLT2 inhibitor.

Soratenits
" Quizartinib

(
o
", — mutations
é TKD
8 G510, SN snaomtmun

Crenotanit

{midostaurin) e,
Capsules (25mg)

Bix oy

5% Wit Capsutes
Cordorin: 2 pacha cortaring 28 capusies asch

th NovarTIS

NMOA of midostourin mMidostaurin tablet

CPX=3S I: VY¥Xe0S :
* FDA approved for elderly (bo-T15
years) §it patients with +- AmL or
ANML — MRC.

CPX-351

CPX-351 is taken up intact

* A nano scale liposomal co formulotion
of cytarabine and daunorubicin ot a
sgnerg'\s’dc S molayr rodio.

* Takenup pre—?eren’dod\g by hurman

Prolonged exposum of
CPX-351 in the bone mamrow
and sustained delvery of

ic drug ensures the
death of tumcr cells.

leukemia cells, ensuring intracellular
del'\\/er5 of the optimal dose.
N Htjpo{hesized thot pre?eren’dal

uptoke into leukemio. cells boosts e%‘—%icacﬂ while main’couning o very
Lavorable non hemoccologicod Jcoxic\+5 pro%le.

elderl5 AML :

E:lderlg vulneroble : Consider lower 'm’censi’rg ’chempg.
* Hypomethylating agent (decitabine or azocitidine) + Venetoclax.
®* Low dose cﬂ’cambine + Venetoclox.
® IDHI or IDHA inhibitor, i mutated,
* gemtuzumolb single agent.
’ pre¥embl3 investigational therapy,
glderly froil : Best supportive care/pallintive care.

Supportive care :
* Maintain a platelet count above 10,000/micro L.
L. 780000/micro L - $ebrile patients and during episodes of active
bleeding.
il. »S0000/microL — hyperleukocytosis.
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