\Acute Leukemia
| & I

Objectives:

e “To understand the general concept of cancer pathogenesis

e “To understand the basis of acute leukemia classification

e “To appreciate the role of molecular in diagnosis ang

e “Treatment of acute leukemia

e “Torecognize the clinical presentation of acute leukemia

e “To differentiate between AML and ALL
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The mean of leukemia
=cancer of blood
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Acute leukemia
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Acute myeloid Acute Lymphoid
leukemia leukemia
FAB
WHO l l
o . e Genetic abnormalities
——0 Mo : minimal differentiation —O0 Good prognosis WHO FAB
——0 M1 without maturation
' l l L1 o—
——O0 M2 : maturation —oO ’F\)AVELOdVSPlas_'a Homogeneous
00r prognosis B—ALL T—ALL
——0 M3 Promyelocytic Vounger
8 Older et L2 o
o M4 : Granulocytic , Monocytic —O Therapy eterogeneous
v Y Poor prognosis
——O0 M5 : a-Monoblastic , b-Monocytic L3
o
0 M6 : Erythroid L0 Not otherwise specified ( burkitt's)
Standard prognosis Homogeneous

o M7: Megakaryocytic

Lo M8 : basophilic

[ HISTORY j

It means White blood in greek , it was named by pathologist Virchow in 1845, and was
Classified by FAB( French - American - British ) classification system in 1976, then
REclassified again by World health organization in 2001 and 2008

[ Definition j

Acute Leukemia is: an Aggressive malignant hematopoietic disorders Caused by
Accumulation of abnormal blasts (Immature precursors of WBCs)
in bone marrow and blood leading to:
1-Bone marrow failure (anemia , neutropenia , thrombocytopenia )

2-Organ infiltration ( hepatosplenomegaly , lymphadenopathy)
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Acute leukemia

]

PATHOGENESIS

marrow or the hematopoietic cells

& & & &

Is unknown but it can be these causes (infection...etc) which all lead
to a sequence of genetic alterations of immature precursor in bone

&

Genetic Environmental Infection Previous Other
predisposition factors therapy hematological
Like : P53 mutation disorders

End by Acute
@Unknown mechanism leukemia

%  Block of differentiation *

Still immature and not maturing

*

Enhanced proliferation

Normally the cells
differentiate and
proliferate (o )
and undergo normal
cell death (<
)

will cause Genetic alteration in the immature precursors,
which will causes the following(sequence of malignancy of leukemia):-

Decreased apoptosis

(1-2) =

‘ { This abnormal

malignant cells in
Bone marrow in
Acute leukemia
called blast(J! steas
| BM infiltrated by
these precursors )

We have 2 types of leukemia:
If the leukemia in the
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Acute leukemia

[ EPIDEMIOLOGY ]

e Acute Leukemia represent about 8% of neoplastic disease & cause about 4% of malignancy
related deaths (but highly curable)!

e AML has an incidence of 2 - 3 per 100 00O per year in children, rising to 15 per 100 00O in
adults.( more in adult and less in children

e ALL has an incidence of 30 per million & represent about 76% of childhood leukemia

[ GENERAL CLASSIFICATION j

Acute leukemia is classified into :

Acute Myeloid Acute Leukemia Acute Lymphoid
Leukemia of Ambiguous Leukemia
Lineage

1X L saud lymphoid ¥s myeloid & ¢ssasy 15,38 L
(pein 0589 carry both bio phenotype of the 2

How we recognize the blast or diagnose (patient)

[ BASIS OF CLASSIFICATION j

>> Clinical history (Previous therapy)

Leukemia cells

Neutrophil Red blood cells

>> Morpholog\/ .(important to identify the

type and the features of cells )

>> Flow cytometry.

o

\ == Platelets

>> Chromosomal Karyotyping

(study the chromosome of the patient ) Normal Blood ] Leukemia Ciotand

>> Molecular study

(latest genetic studies- very important to
recognize and know what is the change in the
genetic level)




Acute leukemia

[ BASIS OF CLASSIFICATION ]

> 1- Light microscopy :
(blood smear, bone marrow aspirate & biopsy )

First of all we will use the light microscopy and and blood smear above the requested CBC
And take a piece of the bone marrow to aspirate it and stain it then read it the microscopy

The definition of AL is Blast count : it should be > 20 % out of the total cells

normally 3-5%
Is important to let you know what you deal with

Blast
Morphology Myeloblast Lymphoblast
You have to know
the morphology
so when you go
to the clinical you
‘ can know the
52 paiall 4 52 needle-like bodies 4 5 ) swall 8 Laadl ) cme types of AL.and
the diagnosis of
. ) . the patient
Size medium-Large small medium
Nucleus round, oval or irregular round
Nucleolus prominent Not prominent
Cytoplasm abundant, granular Scanty agranular
Almost no cytoplasm
Auer rods
Notes * may be vacuolated

> 2- flow cytometry

Laser based technology allows for cells counting & detecting of their

surface & cytoplasmic markers by suspending them in a stream of fluid

followed by analysis through electronic system It reads the idea of the cell
And the markers and the you see what's the

’
Q) >
Marker is +ev which means Ag of the marker

Ftclbar a s Red-labelled 10*
. cna ntibody 13.25% g - 82.36%
Is present v_mm — Co8 marar 13:22 -
.

o= 3)ke markers e bayy
Cell and give you % and the light dosage

C045 PE
3

Labelled CO4 and 10° 10’ 10° 10’ 1w0*




Acute leukemia

[ BASIS OF CLASSIFICATION j

Stem cell markers: (CD34 & TDT)terminal deoxynucleotidyl transverse

Myeloid B-lymphoid T-lymphoid

MPO
* cD13 CD3

CD33 gg}g * CD4
CD14 CD22 CD5
CDe4 CD793 CD7
CD41 CD8

CD235a

>> 3- Chromosomal karyotype

Set of the chromosomes from one cell during metaphase to study the
numerical (deletion & trisomy) and structural (translation & inversion)

abnormality

ol M o on
2 EC ¢ 28 2 B

e M a ax a2 3r

e -3 a8 B ‘ &
i 20 21 22 x v

Study the number of chromosomes to look if there’s trisomy or deletion and the structure
23 chromosomes from each parent

T cell CD antigen- B cell CD antigen.

CD45R CD45R
CD40 CD8o
CcD28 A b cD28 .
@ Q \Q 0 Lm0

% y \ _ CD86
co2 d > . \o cD2 cosz of )
) ; v )
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er € O Ter N Y coz
' e o C©
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> 4- Molecular studies ale dr: you have to understand it .

Several techniques used to detect and localize the presence or absence
of specific DNA sequences on chromosomes

Fluorescent In-situ hybridization (FISH)
Is the test that “maps” the genetic material in a person's
cells. This test can be used to visualize specific genes or

portions of genes

Polymerase Chain Reaction (PCR) \:
i
i
i
j
[ RECURRENT GENETIC ABNORMALITIES ] Female dr : (karyotype only )
Finding of chromosomes and molecular study Common and important
© AML © ALL
e  Common recurrent genetic finding in patient with AML
Molecular * Karyotype Molecular * Karyotype
AML 1-ETO t (8:21) BCR-ABL1 t (9:22)
CBFB-MYHTT t (16:16) or inv (16) AF4-MLL t (41)
PML-RARA t (15:17) ETV6-RUNXT |t (12:21)
MLLT1-MLL t (9:11) IL3-1GH t ( 5:14)

O Wline £(8;21) oat oo aal (ol saad) Jadas ¥
Sl 5 27 asmsas S = 5 12 B a s se5 S (= SEgMENT (G

intracranial hemorrage —uw Cisa #)) G sall delu 24 JIA 3o Cunla 1315 agin 5haY) £(15:17)
ety =15 9690 Ay Aol 24 VA #3all sy 131 Jiad) b
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ACUTE MYELOID LEUKEMIA &)
(AML)

e Group of hematopoietic neoplasms caused by proliferation of malignant
myeloid blasts(so it's the main abnormally of AML ) in bone marrow and blood
The blast is equal to 20% or more, or t(8;21) t(16;16) or t ( 15;17)

e More in adults (do occur in infants) , Worse than ALL
Male dr:

if you understand it you will not need to memorize it .

(1 one Jaind a5 ) suall (b e IS i jal (m g kel lh o (S gy 4

Female Dr:

These cells »aa¥l el

never leave the BM

All you have to know is the where is the defect and what's giving to you
Ex: B lymphocyte precursor cells = give you B-ALL

HSC mature to myeloid and
lymphoid then each if them

. mature :
Mixed Lymphoid - B & T

Myeloid = megakaryoblast ...etc

Mo , M1

Y
Myeloid stem cell Lymphond stem cell

'— (.1

Megakaryoblast Erythroblast Myoloblut Monoblm Blymphocyte  Tlymphocyte

5083733

* E Promyelocyte Promonocyte B-ALL T-ALL
Note's according to the female doctor the red one c Q

are important

Eosinophils Baséphils Neutrophuls Monocytes a|ymphocym T lymphocytes

(a) A b) (e) . (d) (e) (f)
0!0' .‘A
§

-
.‘0 so’- A-F go to the circul
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ACUTE MYELOID LEUKEMIA
(AML)

[ FAB CLASSIFICATION ] Drs femalevery mportant 0 =

WHO in the classification of AML is genetic abnormalities while the FAB on the morphology
Based on morphology and flow cytometry and flow cytometry markers

Subtype Genetics in :
ale's dr Features Notes Pics
Vi WHO s
® Q. @
MO | pinimal ) > e
differentiation @J
MO ° \/QI;\/ immature
M1 Without i
maturation
M2
With maturation t(8:21)
M3
Promyelocytic t(15:17) DIC
455 Granulocytic and . , Gum Teedle e
. t or inv(16;16) , PE, &0 °
monocytic hypertrophy | & o d%% Seee
:‘Joi ST v
M5 'Y
Monoblastic (M5a) €(9:11) Gum 7Y ® o
Monocytic ( M5b) ' hypertrophy ® "
M6
Erythroid - CD235a
M7
Megakaryocytic - CD41
ma Basophilic -




ACUTE MYELOID LEUKEMIA
(AML)

[ AML CLASSIFICATION (WHO) ] Male's dr

Based on molecular and cytogenetic . C g e P
- Molecular and cytogenetic IV & eludi (5 58 o ¥ 5 lall Jaiine

AML with , :
recurrent ggnetic rg/l\;/’?epdla:;\/a\'L Therapy related AML A’\gtlerc]%e?jtl‘(][? ;\é\/)lSQ
abnormalities
o {t(8:21) o 20% e Blastsis 20% e Blasts are 20%
o t(1616) e Significant or more or less
o t(15:17) dysplasia e Previous e (Genetic: normal
chemotherapy e No dysplasia
Prognaosis: Prognaosis: for any malignancy Prognosis:
Good Poor Prognosis: Standard
Poor
[ CLINICAL FEATURES j

© 1- Pancytopenia: (acute onset)

In AML have BM infiltration so it's cause pancytopenia
|WBC—lInfection,Fever,Septic shock ~ functional WBL Jits < saidd
|Hb— Anemia(fatigue, headache,pallor,S0B...)
Iplatelets—bleeding(bruisis,epistaxis,menorrhagia..)

¢ 2-Organ infiltration:
Lymphadenopathy(rare)
Hepatosplenomegaly
Myeloid sarcoma

Gum hypertrophy More With Acute M5
CNS disease Monoblastic leukemia

Gum hypertrophy
gum increased
Galaile Gliey) Al

© 3- Leukostasis (increase blood viscosity)

¢ 4- Disseminated Intravascular Coagulation (DIC)
(more with Acute promyelocytic Leukemia M3)
Widespread activation of coagulation system leading to intravascular fibrin
deposition and consumption of platelet and coagulation factors which can be
manifested as bleeding (85%) or Thrombosis(15%)




ACUTE MYELOID LEUKEMIA
(AML)

[ CASE STUDY j _________________________________________________________

e 65 yo Male presented to ER with Fatigue, Fever, and nose bleeding for 2
weeks

e (O/E:moderate hepatosplenomegaly & multiple bruises.

e (CBC:WBC40*105L HB: 7g/dl PLT: 51%109/L

> Blood smear & bone marrow:
AML with maturation (M2) FAB

Heavy blast count
In the cell with rued aur = myeloblast

> Flow cytometry :
The blast are positive for CD34,CD13.CD33,CD117 and MPO(character of myeloid)

THEY are negative for CD3 T cell, 'CD10,CD15,CD79a B cell’

> Karyotype : t(8;21)(q22;q22)
The final diagnosis: AML with t(8,21) (WHO)

> PROGNOSIS : e 21

Better prognosis
e Genetics t(8:21). inv(16:16) or t(15:17)
o Age<60
e Primary better than secondary(is from other disease o it has Poor
prognosis )

> TREATMENT :
Chemotherapy
e AML: MO-M8 but not M3 (same protocol)

e AML: M3 (ATRA(all trans retinol Vitamin A) OF arsenic)
e Stem cell transplantation




ACUTE LYMPHOBLASTIC ®

( ) Medicosis
,", e Acute leukemia characterized by proliferation of malignant
lymphoid blast in bone marrow and blood

e BandTcells

e More common in children

® Better than AML (has better prognosis even if it's in the adult )
[ CLINICAL FEATURES j

@ 1- Pancytopenia’
IWBC—lInfection,Fever,Septic shock  funcionat wac us e Acute onset

|Hb— Anemia(fatigue, headache,pallor.50B..)

| platelets—bleeding(bruisis,epistaxis,menorrhagia...)

@ 2-Organ infiltration:

e lymphadenopathy(Very common) and less in Ant

Characteristic for T-ALL

e Hepatosplenomegaly morebin Amt

e Testicular involvement in male

e Maediastinal MASS (characteristic of T-ALL)
e (NS disease

1- because there's heavy infiltration of lymphoblasts occupying all BM production

So the BM _iSI 4gais e for lymphoblastic production which result in =

A-no matureation

B- decreased other cells

Normal WBC & platelets production and even more sometimes the bone marrow lake of megakaryoblast (the mother of platelets



https://youtu.be/IN2MtisTzC0

[ MORPHOLOGICAL SUBTYPES (FAB) ]

Morphology
Size
Cytoplasm

Nucleoli

Genetics

ACUTE LYMPHOBLASTIC
LEUKEMIA (ALL)

L L2 L3 (Burkitt’s)
Homogenous Heterogeneous Homogenous
Small Variable(larger than L) Small

Little More Vacuolated
Not Prominent Prominent Prominent
Variable

Variable
AL b ey £ Al

Lo San s Lgd Ganatia ¢ Lglla
Associated with any chronic
abnormalities

t(8:14) c-myc

L3 (Burkitt's):
mature lymphoid neoplasm

-a type of lymphoma NOT Acute
lymphoblastic leukaemia

s shas more with lymphoma

R

IMMUNOPHENOTYPIC SUBTYPES (WHO) ]

B cell T cell
Markers CD19
e D10 D3
isitBorT CD75a
Percentage Most of ALL is 80% B cell 20%
Age More in Younger More in Older
Clinical _ e Mediastinal mass More character to T
e (NS relapse
WBC count Less If I have Higher WBC is more T cell
Prognosis Better Most T cell have Worse
T(9:22)
Genetics T(4Mm) —

T(12:21)




ACUTE LYMPHOBLASTIC
LEUKEMIA (ALL)

TYPE OF ALL ‘ how we differentiate

between the mature and precursor cells

J

Both are + CD3 then we look is is C or S CD3

‘ **B-ALL **T-ALL
Cell stage precursor mature precursor mature
>tern cell D34 Surface Completely CD4+CD8
markers TDT immunoglobulin Positive or One positive and
(CD34 + TDT) D10 negative both other neeative
CD4+CD8 &
Markers 1:\/_;515‘0};;1‘:;?/ —Zé:;eiiriémgll and C:C\/topla:nECDB S=surface +sCD3
CD15,20,79a or +ev CD-|9 l+ev surface .
CD34 TDT anld +ev mmunogloblulln and +ev CD2
CD19,20,79a is more CD20 CD19,20,79a is more likely
likely to bg or you're CD79a Bgrrl](ett's (\/ou'rﬁ)dealing CD5
- t t
eEia oy, B o7
Dan-T cell marker
. Common Burkitt? T- Acute lymphoid
- 1 -
Disease B-ALL B-ALL lymphoma leukemia T-cell lymphoma
[ PROGNOSIS j
Better Worse
Age 2-10 yrs Less or more
Gender Female Male
WBC count Low High
Cell type B cell T cell
B-ALL phenotype Common(cDio) Others
46 e B8
) : Hyperdiploidy® t(12;21) Hypodiploidy” t(9:22) chromosome
B-ALL genetlcs 3-number of chromosomes is more than 50 4-number of chromosomes is less than 45
CNS involvement No Yes
[ TREATMENT j

' Chemotherapy high cure rate " Stem cell transplantation




REMEMBER!!

Acute leukaemia is a fatal neoplastic condition

20% or more blasts = Acute leukaemia

Diagnosis requires special investigations

Auer rods = AML

AML M3 = DIC &target therapy

Gum hypertrophy = mostly M4 or M5,

Mediastinal = T-ALL

Subtypes of AML (MO-M8) + cytogenetic abnormalities

Subtypes of ALL (T or B cell)

Main lineages markers are MPO , CD19 and CD3
Stem cell markers are CD34,TDT

FAB classification based mainly on morphology

WHO classification focused more on genetics



Definition

Diagnosis

AML Type
M2
M3
M4

M5

Summary

A group of hematopoietic neoplasms caused by proliferation of malignant myeloid blasts in bone
marrow and blood. Primary AML has better prognosis than Secondary AML

Microscopy shows >20% Blast cells OR t(8;21) t(16;16) or t ( 15;17)

FAB Classification of AML
based on flow cytometry and morphology
Cell Type Karyotype Character
With Maturation (8.21)

Promyelocytic (1517) DIC (Emergency leukemia)
Granulocytic + Monocytic (16,16) Gum Hyperplasia
Monoblastic + Monocytic (9.m) Gum Hyperplasia, CNS Disease

WHO Classification of AML

based on molecular and genetic studies

e  AML with recurrent genetic abnormalities either t(8;21), t(16;16), or t(15;17) = good prognosis

AML with significant dysplasia = poor prognosis

e AML with previous chemotherapy = poor prognosis

Basis of Classification

Clinical history, Morphology, Flow cytometry, Chromosomal Karyotyping, Molecular study

Morphology

Flow cytometry

Age Group

Treatment

AML 1-ETO
CBFB-MYH
PML-RARA

MLLTT-MLL

Microcopy: Auer rods present 1- Pancytopenia: |WBC—lInfection,
- |Hb— Anemia

Positive for: 2- Hepatosplenomegaly

Stem cell marker (CD34) 3- Leukostasis

and Myeloid marker (MPO) Signs &  4- Disseminated Intravascular

Sym coagulation (with Acute
Adult (good prognosis if less than 60) Promyelocytic Leukemia, M3)

1-Chemotherapy ( For M3 Atra/ Arsenic)
2- Stem cell replacement

Recurrent Genetic Abnormalities
Molecular Karyotype
t (8:21) good prognosis
t (16:16) or inverted (16) good prognosis
t (15;17) good prognosis

t (9:11)




Summary

A group of hematopoietic neoplasms caused by proliferation of malignant lymphoid blasts ( B and T

Definition cells) in bone marrow and blood. Better prognosis than AML.
Diagnosis Microscopy shows >20% Blast cells.
FAB Based on flow cytometry and morphology

Classification (1) L1: Homogeneous (2) L2: Heterogeneous  (3) L3: Homogeneous (Burkitt's Lymphoma)

WHO Based on molecular and genetic studies
Classification (1) B- ALL, better prognosis (2) T-ALL, worse prognosis

Basis of Classification
Clinical history, Morphology, Flow cytometry, Chromosomal Karyotyping, Molecular study

Morphology Vacuolated 1- Pancytopenia | WBC—lnfection,, |Hb— Anemia

2- Hepatosplenomegaly

Positive for: Sions & | > lymphadenopathy(Very common)
Flow cytometry  in T-cell ALL (CD3) Igns 4- Testicular involvement

in B-cell ALL (CD19) =i 5- Mediastinal mass (T-ALL)

Age Group Children

Recurrent Genetic Abnormalities

Molecular Karyotype
BCR-ABLI1 t (9:22), worse prognosis
AF4-MLL t(4m)
ETV6E-RUNX1 t (12;21), better prognosis
IL3-IGH t (5:14)

Disease Depends on cells type and stage

T-ALL B-ALL

Cell stage Precursor Mature Precursor Mature
Completely Positive CD4+CD8 One Stem cell CD34 Surface
or negative both positive and markers TDT immunoglobulin

Markers CD4+CD8 other negative (CD34 + TDT) CD10 t(8:14) c-myc

+CD3,2,5.7 +CD19,CD10 CD79a
. T- Acute lymphoid T-cell B-ALL Common 13-Burkitt lymphoma
Disease .

leukemia lymphoma B-ALL

1-Mediastinal Mass
Signs 2- Pancytopenia 1- Pancytopenia 2- Lymphadenopathy
3- Lymphadenopathy




ﬁl

Q1) Lymphadenopathy more commonin:

A | AML B ALL C BOTH -. Aaaly ool
Q2) Auerrods characteristic for

A | AML B ALL C BOTH i Aaaly ool
Q3) FAB CLASSIFICATION based on:

A Morphology and cytogenetic B Cytogenetic and molecular C Molecular and flow cytometry None :)
Qg4) we will see gum hyperplasia in which subtype ?

A m3 B My - Mg C m5 M3 -M4
Qs) B-ALL genetics in Better prognosis:

A Hyperdiploidy t(12;21) B Hypodiploidy t(9;22) C Hypodiploidy t(12;21) Hyperdiploidy t(g;22)
Q6) L3 Burkitt's is:

A mature lymphoid B :\)/Ilr?qr;hc:t:rar;?cn in Acute C Precursor lymphoid Less common with

neoplasm leukaemia neoplasm lymphoma

Qy) FLOW CYTOMETRY was positive to CD3 and negative to CD1o, CD19, and MPO .Those results will indicate which type of AL?

A | AML B B-ALL C T-ALL CML
Q8) Mediastinal mass characteristic for :

A | AML B B-ALL C T-ALL CML

Qa Q2 Q3 Q4 Qg Q6 Q7 Qs
B A d b A A C C
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