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= In contrast to erythroid cell disorders, Most WBC disorders are neoplastic.
= Acute leukemia (with its 2 types: myeloid & lymphoblastic) is the most aggressive WBC disorder.
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COccur at all age groups, but more common in elderly 5. ...-

RN o
@ ALL (acute lymphoblastic leukemia) = Jlik¥! s Ji<i >
In contrast to acute lymphoblastic leukemia (ALL), which occurs at all age groups, but more common

in children. eues Pt
Slaaiallg (liyskly (JSal ua Suaais Lic,yd ¢ 13T 4 :(Heterogenous) ¢ siie (i et Ll 43! :(Morphologic)

* Heterogonous (with many subtypes).diagnosis is made by morphologic;™ e
Immu nophenotyp|C(the antigens they express) and ka ryOtype (chromosomes}; ‘e

Lkl

studies (searching for mutations) PGS '.M.&km s

_7 5] sgens Laglie (ole Jo5 oA Ts (@Ol Bana Dlaiual g3a3 Ll Gaay :(Karyotype / Molecular)

- Pro n05|s depends most importantly on type of mutations R
olecular and cytogenetic studies

((Symptoms) al,e¥!
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. Symptoms are accelerated, become significant within few weeks

Laaleadl LAY 0S5 ety ¢ Ll 3 Ll LWAIT Y (Cytopenia) dunsdall ! Lola (ol L

" Bone marrow becomes rich in “blasts” instead of normal mature cells, as a result,

Symptoms are related to cytopenia: anemia, thrombocytopenia and s>
neutropenia  wicaew.
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* Myoblasts mostly remain confined to the BM and peripheral blood (in contrast to ALL), so

/Involvement of LN, spleen and solid organs is rare. When occurs, |ts
e called myeloid sarcoma (acute monobiastic leukemia)

ki plly plaal € a5 Jals Lol 5 3oler
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= Mutations in genes of transcription factors required for
maturation and differentiation of myeloblasts (they don’t mature)

= Additional mutations in tyrosine kinase pathways (RAS) (most common)

= Epigenetic mutation is common (20%); mutation in isocitrate

dehydrogenase (IDH) produces an oncometabolite that blocks
enzyme of epigenome and interferes with myeloblast differentiation
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Transcription factor mutation
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o251k (WHO Classification) dallall dasall daliie Ciial ¢ il 3 jsuall
(Acute Myeloid Leukemia — AML) sulall Lie sl LuasSsll
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1. Therapy»related AML

.(radiotherapy si chemo) e lasy! §f (SLasIl Eolall aay &uase
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- Therapy related AML -very poor prognosis-: occurs after treatment
with chemo or radiotherapy they are harmful to BM stem cells. =

o s ;su gy Ten B ] s Luae
17) (= Lualall ULl 4as Promyelocytic Leukemia)

WM~JM oy e s e

= AML with common recurrent cytogenetic mutation, if present, its called bg
its name.

n Myel

B e e Rapidly
= AML Wltﬂ mye“loaysplasm occurs de novo or complicates MDS (slow)
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MDS: The earliest phase of AML, it’s neoplastic but does not release huge amounts of cells,
can be distinguished by morphology.

= |f any of the previous cases does not exist: AML-Not otherwise spec:ified7
= Diagnosis of AML: 20% blasts in peripheral blood or bone ==t “
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Mﬁﬁu £155 51 adl g (blasts) duag,Y M,-;S Ja K 13fe

marrow (of nucleated cells) B o e

If less than 20% but still elevated (e.g. 19%), we call this: MDS . . Tl e

Therapy-related AML weleblfibesS Z)e oy

AML with recurrent mutation Bouswe duiuz Ulpab

AML with myelodysplasia Slals of MDS ¢ro yobai

AML - NOS Ll glgs oy ¥




(o 3aall LA gy (Myeloblasts) Lsiill duas Y1 LAl Glaas, € olls §,5eall sia
(AML - Acute Myeloid Leukemia) slall saill anll (sl
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(Large cells) anall 35S Lolae

a33siecdls Bl 5,08 8151 sty = (High N/G ratio) dlle a3slysises o] 8ls3 i (-\>
sl jue WAl i wle Ju — (Fine, pale chromatin) cald 5.8, cpiles SII

= Morphology:large cells, high N/C ration, fine granules in cytoplasm mostly containing
myeloperoxidase, fine chromatin (pale immature nuclei), prominent nucleoli (normal
mature cells don’t contain nucleoli). - & Auer Rods:

.(immature cells) Luas,¥1 Lokall oé daslsll 33,11 — (Prominent nucleoli) 83,k ol L 81531

.Myeloperoxidase (MPO) a3 sle (s5ia3 (Fine granules) @uss ol ole @ sing a3dlbsills

poMlasaeall (o el Y| €t B is Gaays Ll 5l (e
(M2 subtype Lalas) AML Jd 85as Lodle jiads (pEroxidase syl cuss Jiaie

= Auer rods:small pink rods (needles) presentin cytoplasm, represent peroxidase enzyme
Y
((Markers) Le bl & laclsl!

= Myeloblasts express CD34, myeloperoxidase (MPO), CD13, CD33 ‘coss iz biai i b o lestcols,
= CD34 is only expressed in immature “blast” cells. R @

= Sometimes: monoblast, erythroblast, megakaryoblast, myeloblast is the most common.

g Sl slog ¥ ¢ Iss
-Myeloblast (s <Y1 ()
*Monoblast

«Erythroblast
*Megakaryoblast




(Acute Myeloid Leukemia — AML) salad! 458301 LaSslll (250 o8 (Outcome) giliall se daati day il oia
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Aeyeu 5skig (aggressive disease) slsae Ll oY L 2

" Generally poor,<30% responds to chemotherapy

(aggressive disease)
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= Worse than ALL ocas s
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*P53 mutation — LL).J,« Wlall Llas ipn (o Gl qans

= P53 mutation: more WOIrSe OULCOINE oo imiom oo wissioms iiom oz o

* [DH inhibitors are new promising drugs
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(targeted therapy) Lugicd | Lsa¥! oo won ¢ 55 @
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= Promyelocyte is the next cell after the myeloblast.

= Promyelocytes are heavily granulated (much more granules than myeloblasts).
They are CD34 negative.

= Vitamin A is important for myeloid cell maturation.

ACUTE PROMYELGEYTIC LEVKEMIA

il
(Lmsas JoS5 Le L)) Promyelocyte da e sie aall WA © gl mm‘,.u AML 5o pols 55 sac
= Al S O C al le d AM L M3 .myeloblasts c.uly promyelocytes 4uis s aall i ¢ Laill éas).J.J
el sliall
-(heavily granulated) sy sisall (o8 8,58 Sla (ole @ siad WAL

= Maturation is arrested at promyelocyte Stage o o amron i

*CD34 sulis (a2y dsye LY myeloblast).

= Leukemic cells appear similar to promyelocytes instead of myeloblasts
(heavy cytoplasmic granules, numerous Auer rods, negative for CD34)

= Carry recurrent mutation: t(15;17) fusion between PML gene (chrom 15) with
alpha retinoic acid receptor (RARA) on chrom 17. Chimeric fusion gene
produces a protein that blocks promyelocyte maturation by inhibiting the action

dagll 4511 3,4k

Of retln OIC ac 1 d\ 1(15;17) (translocation) asesss Sl Jusdle

(17 asusas5) RARA gene g (15 ageusas <) PML gene gow —
-(vitamin A) ebisiis )l Gaes Jae Jabaad 31,k e promyelocytes s e ganb 5 Olign & — ()L.M.H GJ&_J“) C}‘AK [V EN [,

= All trans-retinoic acid (ATRA), a high dose vita analogue, overcomes this
block and force the cell to mature. Effect is synergistic with arsenic trioxide _
(toxic) (degrades oncoprotein). If they’re given together they may cause e
synergistic effects. o

Haell (&21,)) Arsenic trioxide gs paaiowe
-All-trans Retinoic Acid (ATRA) = ¢pelis oo JS& A .(toxic to oncoprotein) ,alall cigsll sy —
(synergistic effect) SelSiag Gss 1550 oliaay ¢ B Lagualasioal wic —,

: R e N : : :
= Malignant promyelocyte sétrete tissue factor, causing DIC (special for this @

leukemia)

(Disseminated intravascular coagulation: widespread thrombosis and severe bleeding till death)




Acute Promyelocytic Leukemia (AML-M3)

Promyelocyte
t(15;17) - PML-RARA fusion
CD34- (glw)

ATRA + Arsenic trioxide

[
6 eall Ciagll
.(malignant promyelocytes) s Promyelocytes ga Lia 8agasl! Latalls

AML Ul 85100 Lodle w23y myeloperoxidase a3yl oy oluuyi gag «(Auer rods) sl é..a’nj (granules) cluasdl (e S sae (sle @ sing a3l
Olsead! e @@L sladl aldi¥ ] JIA G (NUCHei 2) cpilsis DT el Tkl (cleaved nucle) sk i facdio 0,5 Sole 3l53le
(Lage CD34 (65 il dla,ll qa5) myeloblast J1 dla s way o35 promyelocyte J1 dla ¥ CD34 (CD34 negative) J alle Lolall sias

= APL: malignant promyelocytes
show numerous cytoplasmic
granules and Auer rods. The
nuclei are commonly cleaved.

6
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.Acute Promyelocytic Leukemia (AML-M3) (] 8585 i = dacudio 3153 + 5,55 Auer rods + 5.5 lusa Lad WA sage

ATRA (vitamin A 2 auyw ©le ¢ liagy laa pha a0l ellil DIC (Disseminated Intravascular Coagulation) _,_u_. alse 75 LRS! siae
.derivative)

Promyelocytes &z

Auer rods + 8,8 Ol

We can observe 2 nuclei

eliadl o)l CD34-

buiyell yoyell  Acute Promyelocytic Leukemia (APL / AML-M3)
because of the malignancy.

®
= CD34 Negative. (VJMWM&J&\W?MJ(%&MAO‘{M%
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T (Precursor B and T cell neoplasms) s B Lotall 4l &slialll alyg¥ 1 ¢ s dag il s ia
.(lymphoblasts) daslill ;2 duslaalll LI Cuaal &bl yos a9

(Types 2) Luasiyll £ s3]
A P[]
Lol gousgill el 1.Lymphoblastic lymphoma

PRECURSOR B AND T CELL NEOPLASMS

2 types
iAW IRVEFRARVET ) AN ALLN

&= 1. Lymphoblastic lymphoma:
(il 5T gliall] sl Jie) oo g o sl sy Loie Sange
.B-cell type (T > B) s g SiST T-cell type o6 Uladl sia o
( lymphoblastic lymphoma s daci¥l o8 L 13] 5 daeal | 5 alaall ¢ 5 08 Taw o oSare

= Lymphoblastic lymphoma when occurs in solid tissue (T>B) T is more
common.

= [t can arise in the bone marrow or in the tissue. When it arises in tissues then
we call this case: lymphoblastic lymphoma.

‘ 2. Acute lymphoblastic leukemia (ALL):
il £ 15 e i5ig ol (o illa el LIAT1 L85 Loies
T-cell type (B > T) o esas ST B-cell type os<s Lias

= Acute lymphoblastic leukemia when circulates peripheral
blood and involve bone marrow (B>T) B is more common.

.(childhood malignancy) JLk¥! sie s Uy ST 58 B-ALL £ 5301 slall pallanll

. - . (s MU' ,ziiejj-ibﬂl L_n?‘-‘\”) \ymphoblasts o Lyl oladle
= B-ALL is the most common childhood malignancy. oo

el wletall e yuale

/ 0 CD34 (faalill i LAl dosle).
; R . )

TDT (Terminal deoxynucleotidyl transferase) L.l Lglialll UL pala 3] gas.

= Neoplastic cells are lymphoblasts, the most immature lymphoid
cell. Aggressive neoplasms, express CD34 and TDT Terminal deoxynucleotidyl transferase

= T-ALL is less common, presents in adolescents, involving Thymus (the
most common site), more common in boys @

@ T-ALL Jsléo B-ALL:

= B-ALL tends to disseminate to solid organs (brain, testis, spleen)

esdll ol gBsall  gonidl Olasdall

B-ALL Juab¥l aully planll gl Lowd ST idwasdl gloadl ] w5 o8

T-ALL (sS4l Uoguas) ouinluall  (Thymus) dypicdl sosll  Eguis J8T




» AML can affect all age groups, but more

common in elderly.
5 5 g Pthogenoss — (ALL) S ! Lol i 5l i > ALL can affect all age groups, but more

bcaally o S il eld]
common in children and teenagers.

:(General mechanism) gelad! !
(&Sl ! Lotad) blasts 1 Lola £ gedd b aSaTs (o301 lisall b ik 5T JIA Eaase
/’3 L

.pally alaall ¢ Las o3 (lymphoblasts) Laubk né LA oI5 = Gy andiliy sl e (35 WA dsgull

- Mutations in transcription factors for genes
responsible for maturation of blasts

. I

* In B-LL, mutation in PAXS gené'szr

= Mutations in RAS signaling and tyrosine Kinas€ =iz,
proteins promoting cell survival (inboth amL & ALLY ™ ™"

D\ i(Childhood B-ALL) JUY! 4
= (s 135) pgasas S 50 e JiST 61 (Hyperdiploidy) e ki pgeal Gller

= Most childhood B-ALL have hyperdiploidy (>50 2= v e

bl

chromosomes) (has a good prognosis) and t(12;21), involving ETV6

& TUNX1 genes, creating new transcription factor
(-5 AU BALL sl o

2550 = BCR 5 ABL sia ¢ 1(922) JIil Sraase

* Adult B-ALL exhibits t(9;22) between ABL and BCR »=meme .

22331 138 ki il Imatinib (Gleevec) «lsa gllae

Genes in Philadelphia chromosome, Similar to chronic myeloid
leukemia CML (will be discussed later), creating a new

tyrosine kinase (imatinib) _ e,

7 (YLl s %70 5d) NOTCHT (i (o 5,k angee
f 5 553ty LA s > 5,501 ey T LA € e ity Gpall 1ia ©

= T-ALL shows mutation in NOTCH1 gene (70% of [
cases), PTEN gene (tumor suppressor) and CDKNZA
(promotes cell cycle) @i cocns

*CDKN2A — Lolall aLuisl 335 (promotes cell cycle).




o2k (Morphology) LSl s liall ¢y §ysall
(Acute Lymphoblastic Leukemia — ALL) salaJl &slialll LaSlll @
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:(Blasts) Lall ¢ eall J<all 1

(Large blasts) aaall 5, Lolalle

(High N/C ratio) Iia dadiye apdsive ] 3153 s e 55323 ©
s Lo Julill 3153 Bl alins 0 61—

(AML Lla) Myeloblasts s sasasll elli e slel Ll sda ©

= Blasts are large, high N/C
ration higher thanin myeloblasts

= Chromatin is open (pale)

Slag 1
31,4151 Y (pale) cals ek —

Lai (N

weitz.. oo Nucleolus sometimes

present (white dots)

= Cytoplasm is not granular

sl Slis 3
(not granular) g s p3hsidls
(Auer rods s ol sle 5ia3 AML Wka 5¥) AML e ALL Susi 25 aaf sdag =
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o _ Intracellular TdT CD10

L3 I

:(Flow cytometry) duclill asaill .4
AT 51 B) LasSoll £33 spanl paied
gl Ji] 5yseall gt

dseliall Olowslgll  TdT+, CD19+, CD10+, CD22+ - B-ALL | z:;j“’”"""“'“*”“"” Up + Right= pOSitiUQ fOI' Up + Right= pOSitiUe

CD10 Jinge sl gall ©

esesseniesissr - both TAT & CD22 for both CD10 & CD19
» B-ALL » B-ALL
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(Acute Lymphoblastic Leukemia — ALL) sslaJl ixslialll LaSslll @
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:(Bone marrow infiltration) alsall ¢ L 53¢ ce a3l Gale¥) .1
Lona o Lok €L quliany ¥ «(blasts) dslapedl LIAIL plsall ¢ 155 (o Losie

(7 ””;:*::;;‘M& s
n Anemla thrombocytopenla -can be fatal-

B O ne p a i n +Bone pain (sUsall o i) = alaadl sle Lehaisy Luillpeadl LOAIL abiall £ 153 230l ot

involvement) alsall ¢ Lai ¢ L\_,Q)L Lel 2

 Lymphadenopathy and hepatosplenomegaly A

>
 Testicular enlargementww B

tinal mass (4 T-ALL)
7 M,J_,...,,m W)ﬁ&bw@)mw
(Thymus & ie3ll 5301 Lola oo Ly & T-

 Mediastinal mass (T- ALL) (chest mass, which compresses the lungs)
facs (S5 sl )

.ﬁw)—mtm > oSsll Jaadl 1 Laall sl LAY s 0 o5

« CNS involvement, that’s why it’s difficult to be treated ===t

Bpha sliclas .3

?Dﬂarﬁggwemfmgmsﬁglfid organs secondary to leukemic infiltration
leading to death

= Favorable prognostic factors in B-ALL: hyperdiploidy, low WBC
count,age between 2-10 years

= Poor prognostic factors in B-ALL: age < 2 years, age in
adolescents or adults, WBC count >100k

= It needs harder therapy than AML Dt et 0

Y1 Tl gendl w;faw




Fs g fpotsa i’

e Ugsal (dendritic cells) duiuaill LAl o ¢ 55 o2y «(Langerhans Cells) (ula,idd Laks s sk st SIS 51 a5 52 — Langerhans Cell Histiocytosis (LCH) e €25 Gl sia
Aelidl

LANGERHANS CELL HISTIGCYTGSIS rumer

Neoplasm of dendrltlc cells D

™ »Mm Lo el

ﬁ . T P e el , i |
- Langerhans cells express CD1a and Langerin S

*Langerin is a transmembrane protein, attached to Blrbeck
granules (tennis ricket shape under electron mlcroscope)

- Proliferating Langerhans cells appear largé =

Ll Tl dyieats (YA Jy danly Lok gl Taiiall i oS0

and vacuolated, similar to macrophages (hlstlocgtes)

But actually they’re totally different from each other’s

Laaldl Lla Glai oty @

- Pathogenesis: acquired mutation in == v ...
serin/threonine kinase BRAF, leads to e
hyperactivity of this kinase = ——

djo0ll OloMe)l  CD1a g Langerin (CD207)
djaonll duul  Birbeck granules (pud wude JSib)

duiy=dl 8,4kl BRAF mutation

LA S dpasll] duid 1 Olg=d lgad 18y

dapbll (Neoplastic proliferation) p9




MULTISYSTEMIC LCH

ﬁOccur; “mostly in children less than 2 years (mfants)

= Multiple cutaneous lesion, composed ofLCs RS SET cc en
= Hepatosplenomegaly and lymphadenopathy ST

* Pulmonary lesions == o

Osteolytic lesions ez .

Extensive bone marrow infiltration leads to pancytopenia then
death

-(Treated with chemotherapy

Saaxie Sl (od 5, Ll sy (Chemotherapy) el el - gllaie ‘dsy | A=l j

dbidl Multisystemic LCH

ozl

Glaall oSl PN S BTN | RNCN [ BN PR J PRV

Olaclao)l  Pancytopenia = sl

>3l wdl  Letterer-Siwe disease

ZM=)l Chemotherapy




ansz Langerhans Cell Histiocytosis (LCH) se ,a1 £.55 €25 8 55all
@ Unisystem LCH (5] Eosinophilic granuloma) — skl se asase ¥y a¥1 J<all say.

tdsy | oMl B

dwoldl  Unisystem LCH

» Under the microscope, the neoplastic dendritic cells attract other normal WBCs iy
leading to mass formation, this mass consists heavily of these neoplastic cells + [

>3 euwdl  Eosinophilic granuloma

hid o>y guac
(dazozd| Loguas) pliasll

bl ¥ ol msg0 @i

wolsdl JSidl Hand-Schiiller—Christian triad (DI +

Exophthalmos + Skull lesion)

normal inflammatory cells like eosinophils and neutrophils. el
'II"I\TT('V("FI"I\II ”
UINID 10 1 LIW LCH

mLCH s L

(.yl--’bJJu sldel 4‘.;-—’)@» e (o puilnadl IS ol i SIS a0
nophi g LYV
(neop\asnc ) s Gain Glell ol Y G tolbls pund ] )

- AKA eosinophilic granuloma although it’s a misnomer since it is a neoplastic
condition not inflammatory

]
Loyl oSG L1

= Affects a single organ, most commonly bone, then skin, lung, ==,

Bl saall 1 &)1 caladl 5 @

stomach

= Can be unifocal (usually asymptomatic) or multifocal (sgmptomatlc)

* Unifocal is commonly asymptomatic, can cause pain =

Matic) iadly Lalel cande

ria) Lasaal! LL.‘\_G,..a JWLY T s Gllee

= Multifocal unisystem disease presents in children, commonly
affects calvaria bone (base of the skull), extends to pituitary gland
causing diabetes insipidus, exophthalmous (Hand- Schuller-
Christian triad).

= Proliferating LCs are admixed with numerous eosinophils,
lymphocytes, plasma cells and neutrophils

* Treatment: unifocal: surgical excision, multifocal:
chemotherapy, sometimes spontaneous regressmn

(Surgical excision) >l Jlasiwdl

(Chemotherapy) JSkesSJl zMsl

(Spontaneous regression) Wl iy

SlasS Zile of d>lp>
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