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Definition

MPN show effective overproduction of mature (= functional ) At is possible that these various

hematopoietic elements conditionsd 'myeloproliferative

Clinical symptoms related to disorders'd are all somewhat
variable manifestations of

_ proliferative activity of the bone
oBlood cell sequestration and re-emergence of extramedullary marrow cells, perhaps due to a

hematopoiesis
~Marrow fibrosis
~Blastic transformation or other forms of disease progression

ofunctional disturbances due to inappropriate cell mass

hitherto undiscovered stimuluso

clonal disorder of hematopoietic stem cell

Myeloproliferative / myelodysplastic neoplasms show overlapping
features of MPN with cytopenia

W. DameshekBlood 1951}




MPN inthe new classifications

Overallonly minor ICC 2022 WHO 5th Edition

Change&ompared‘:o Chronicmyeloidleukemia Chronicmyeloidleukemia
WHO 4th Edition Polycythemiavera Polycythemiavera
: : Essentiathrombocythemia Essentiathrombocythemia
Largediagnostic | L . L
t . h d Primarymyelofibrosis Primarymyelofibrosis
categorieunchange early/ prefibrotic phase

|aneaS€d§mphasis)n Overtprimary myelofibrosis

mutation profile Chronicneutrophilicleukemia Chronicneutrophilicleukemia
Chroniceosinophilideukemig NOS Chroniceosinophilideukemia
MPNunclassifiable Juvenilemyelomonocytideukemia&
MPN NOS

Includedin pediatricand/or germlinemutation-associatedlisordersin ICC
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Chronicmyeloid leukemia, B

Definedby presenceof

BCR::ABL1

Almostalwaysp210transcript

p230with neutrophiliaor thrombocytosis

Table 2. Diagnostic criteria for accelerated and blast
phase chronic myeloid leukemia (CML)

Accelerated phase Blast phase

Bone marrow or peripheral
blood blasts 10%-19%

Bone marrow or peripheral
blood blasts = 20%

Peripheral blood basophils
= 20%

Myeloid sarcomat

Presence of additional clonal
cytogenetic abnormality in
Ph+ cells (ACA)*

Presence of morphologically
apparent lymphablasts (=>5%)
warrants consideration of
lymphoblastic crisist

APdeletedin WHO 5th
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Chronicneutrophilic leukemia

DI UCT NS TN, B

PR WA D
BCR::ABL:Aegative B ,}’;,,QM.‘.,? <% 70y 2
leukemiawith increase WS it e e S Ari i zo‘ ?’
In mature granulocytes o ‘ ‘0,9 ¢ %

Lackof dysplastic
featuresandsignificant
left shift (DDaCML)

80%showCSF3R
mutationsencoding
G-CSKeceptor




CNLdiagnosticcriteria

iccoo22 | >80%of CNLhave

>13.000leukocytes >80%neutrophilsand EEEEEEEEEEEEEEEEmEEEEEE ACtivatingmutationsof
bandforms, <10% immaturdéormsor am | CSF3R
—

monocytes : :
>25.000leukocytesin WHO 5th Ed N grlze%lgqtm:&tflnx“e
) I

HypercellulaiTmarrowwith dominant :
yp fat ! myeloid genes
granulopoiesisnormalmaturation

Overlappingprofile with
' aCML

Poorprognosis

ActivatingCSF3RT618l1)or persistenceof
leukocytosis>3mo, splenomegalyno
reactivecauseor plasmacellneoplasm or
clonalmarker

Exclusiorof other MPN

CarrenaTarragona et al, Bloo#Adv2023
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Polycythemiavera

Chronicmyeloproliferativedisorder
characterizedoy uncontrolledoverpro
duction of red cellsand mutated JAK?2

PVmaybe precededby JAK2#re-
polycythemicphase

JAK?2 allelburdenplaysmayorrole in risk
for complicationsand progression

PostPVmyelofibrosisusuallyhomozygous
dueto uniparentaldisomyof Chr9

Evolution =~ Manifestation

» Transformation

10 - 15 yrs.

(t)
T W

definite increase in
red cell mass

l f I

Post-polycythaemic
myeloid metaplasia
(post-PV MF)

~ 20 %

<10 %

Post-PV MF with
blastic transformation

Pre-polycythaemic  Polycythaemic stage
stage

Terminal stage

Thiele J, Kvasnicka HM, Orazi A et al. WHO 2008
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Major criteria

1. Elevated hemoglobin concentration or elevated hematocrit or
increased red blood cell mass*

2. Presence of JAK2 V617F or JAK2 exon 12 mutationt

3. Bone marrow biopsy showing age-adjusted hypercellularity
with trilineage proliferation (panmyelosis), including prominent
erythroid, granulocytic, and increase in pleomorphic, mature
megakaryocytes without atypia

Negative iron

stainin BM

Minor criterion
e Subnormal serum erythropoietin level

The diagnosis of PV requires either all 3 major criteria or the first 2
major criteria plus the minor criteriont




Essentiallhrombocythemia

Major criteria

1. Platelet count = 450 x 10%/L

2. Bone marrow biopsy showing proliferation mainly of the
megakaryocytic lineage, with increased numbers of enlarged,
mature megakaryocytes with hyperlobulated staghorn-like
nuclei, infrequently dense clusters*; no significant increase or
left shift in neutrophil granulopoiesis or erythropoiesis; no
relevant BM fibrosist

3. Diagnostic criteria for BCR::ABL 1-positive CML, PV, PMF, or
other myeloid neoplasms are not met

4. JAK2, CALR, or MPL mutationf

Minor criteria
e Presence of a clonal marker§ or absence of evidence of
reactive thrombocytosis||

The diagnosis of ET requires either all major criteria or the first
3 major criteria plus the minor criteria

- Arber et al, ICC Blood 2022 = —




Prefibrotic primary myelofibrosis
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Distinction between prePMFand E’I¢ an ongoingcontroversy

Roleof BM biopsyin Phir MPNcontroversial reproducibilityin somestudieslow
Prognosi®f both entities good, longterm follow-up required

Both ICC and WH¥@tain the distinctionbetweenprePMFand ET
Hypercellularitytight clusteringandatypiaof MEGanostrelevant

Attemptsto useAlimageanalysidor better stratification .
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Table 3. Differentiation and comparison of the BSCH-defined cohort
of ET patients'? by applying the diagnostic criteria of the WHO
80 7 classification®
60 - 81ET BCS5H-defined ET (n=238) WHO-defined ET (n=232)
©
2
2 126 pre-PMF ET 141 (59.2%) 232 (100%)
wn
N . preP MF 77 (32.4%) 0
X 40 1 12casexverlappingfeatures PV 16 (6.7%) 0
21vs14yearsest. Mediansurvival PMF 4 (1.7%) 0
207 eET Abbreviations: BCSH, British Committee of Standards in Haematology;
v early PMF ET, essential thrombocythemia; PMF, advanced PMF; prePMF, prefibrotic
0 - —————T 11— primary myelofibrosis; PV, polycythemia vera.
0 2 4 6 8 10 12 14
Years after diagnosis
Thiele et al, Blood 2011

Gisslingeet al, Leukemia 2016
Comparison of British Committee of Standards in Hematology versus WHO



Primarilydiseasef elderly

Leukoerythroblasti®B,anemiaandleuko- R

1. Bone marrow biopsy showing megakaryocytic proliferation and

andfrequentlythrombocytOSIS atypia,* accompanied by reticulin and/or collagen fibrosis
rades 2 or 3
|ncreasin®p|enomega|ﬁnd 2. iﬂ.KZ‘, CALR, or MPL mutationt or presence of another clonal
.. markerf or absence of reactive myelofibrosis§
extramedullaryhematopoiesis 3. Diagnostic criteria for ET, PV, BCR:ABL1-positive CML,
_ _ myelodysplastic syndrome, or other myeloid neoplasms|| are
Constitutionalsymptoms not met

Poorprognosisand more frequent Ainor criteria

tranSformationtO aCUteleUKemia Anemia not attributed to a comorbid condition

Leukocytosis = 11 x 107/L

Palpable splenomegaly

Lactate dehydrogenase level above the above the reference range
Leukoerythroblastosis




OvertPMF

Fibrosis > grade 2
Normo- to hypocellular,
often patchy distribution

peritrabecular fat

Intrasinusoidal
hematopoiesis

Increase in atypical meg
clusters related to ectatic
sinuses

Increasing osteosclerosis
with osteoblast rimming
and buds

No increase in blasts



Common driver mutations iiPh- MPN

A Distribution of JAK2, MPL, and CALR Mutations in Philadelphia Chromosome—Negative Myeloproliferative Neoplasms

Polycythemia Vera Essential Thrombocythemia Primary Myelofibrosis
(N=382) (N=311) (N=203)
Monmutated Monmutated MNonmutated
JAKZ2, MPL, JAKZ2, MPL, JAK2Z2, MPL,
and CALE‘—l and GM_E—| and GﬂLLR—l

CALR

mutation JAK2

mutation

AR N jakz
mutation mutation

JAK2
mutation

MPL mutaltiwt:mJ MPL rnutatit:-nJ

50%of ET and PV and 2086PMF lack additionahutations KlampflT, et al. NEngly Med. 2013;369:23790




How doesmutant Calreticulininduce myeloproliferation?

CALR is ER chaperone protein

52-bp deletion (L367fs*46) type |
and 5-bp insertion (K385fs*47) (type
II) delete negatively charged AA and
create a new C-terminus

Type Il more common in MF

Mutant CALR binds to MPL in the
ER and is transferred to the surface

Results in ligand-independent
receptor activation in stem cells and
megakaryocytes

A Mechanism of mutant
CALR-induced oncogenesis

Mutant CALR

B Targets of therapy

Mutant
/J<\ CALR blocking
antibody




Impact of different driver mutations in°Ph- MPN

CALRnutated ET has higher 2000 | Atelet count

platelet and lower leukocyte
counts

Lower risk of thrombosis

No transformation to PV (vs. 29¥%
at 15 years for JAK2+ ET)

Younger age of patients

CALR+ ET is differemisological
entity

PLT count (x103/L)
..

CALR mutated ET  JAKZ2 (VB17) mutated ET JAKZ (VB17) mutated PV

Rumi et al, Blood 2014 _
19 T




Impact of mutations in PMF

CALRnutated PMF has *  Typs Mike CALR absent
superior diagnosis . o Nipe iMinCil Rpman T
N=112; mediansurvival=8.1 yaan

Less development of anemi %_ i
leukocytosis and af P=<0.0001
transformation N
Independent from IPSS 8
scoring 5

g

o
GUNKSHISGA OSE E ..
worst prognosis, even if °© - ‘ ) Vtan )
corrected for age a: Overall survival of 709 primary myelofibrosis patients from the)Mayo Clinic,

stratified by presence or absence of type 1/like CALR mutations

Tefferi et al, Am J Hematol 2018
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Is mutational profiling enough?

5 ThieledJ et al Blood 2011;117(21):5716718)
1

Survival

Elala et al, Am. J. Hematol. 91:503i 506, 2016

JAX2 mwtated
N«321
Median 18.7 years
v
Pvalue~0.007
Pvalue adjusted for sex « 0.006
Pvalue adusted for age =04
° o Povalue adiusted for age and sex= 05
0 10 20 30 40 50
Years
In essential thrombocythemia, triple negative cases
show the best prognosis = —




-
na
§§
e ]
e
£ =
8
~
-

Interferon
weekly "
4

Diagnostic
pitfallsX

- WBC
-&-Hb
“a~Platelets
s BCR-ABL

26-yearold male

(/) 29m
Lnd.nb
0 O
C
°
= O
L O
< &
= 9
=

a‘.

Bonzheim et al, Blood 2015

.
<
. B
. ®©
£10Z hewy J m,.k___ a
£10Z Areniga 4 8
oz 2 { =
z10z Aepy - ] .M ..Z m
. : : - £
10z Prew <. S W8
| - 18 - i r.ﬁ._ —
210z Areniga; 2 B
I § (74 _ o
. § 774 @__ S
| $quianoN 1
' s S|
"R H (A1 1A vioz
B - R
g g
1 L] ..n||;u % K === lb %
— R B T ETTm
figs i— i
L2 T8
e 2 | o | o~
> C
e g g
T 0 . 1
w ) iy e i
ST TR 1]
®)) Loz vi0
X 3
< ‘= 6 UOXa 7vV0O
—~ 0O




G Interferon Interferon
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Newonsetleukocytosisn 2014 detectionof BCR::ABL1
CMLarisingin the backgroundf ET
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Ph+ CML and MPN withAK2or CALRnutation

b, #0149 Xia: ET (CALR™) and CML

. SR r |
N . -
¢ . L
: . o,
’ -
- v l‘«

Probablyboth presentin samepopulation
aswell asseparateclones

Temporal sequence of mutations variable:
- CML may appear at later time

- Treatment with TKI unmasks second
clone

Clinical and morphological changes
suggestive of second MPN

to discern from TKI resistance or

CML/CN4ike progression i
Cases of SH Workshop Chicago 2017 | pre
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GIPSS: genetically inspired prognostic scoring system for primary

Theimpactof myelofibrosis
: Leukemia (2018) 32:1631-1642
secondarymutations (2018)
. Ayalew Tefferi' - Paola Guglielmelli(? - Maura Nicolosi' - Francesco Mannelli? - Mythri Mudireddy' -
N P M F Niccolo Bartalucci? - Christy M. Finke' - Terra L. Lasho' - Curtis A. Hanson® - Rhett P. Ketterling® - Kebede H. Begna'
Naseema Gangat' - Animesh Pardanani' - Alessandro M. Vannucchi?
A I nteg ra.t|0n0f a 1.0 Both Mayo and Florence cohorts included
A Clinical variables
Low rigk
. N=55 [11%)
A Cytogenetics 08 - Median 26.4 years
A Additonaldriver mutations mosxa)
. High risk 17.7 (9.0-40.3)
(80%0f patients) > 06 - IntEerrnT!dlate-I rick 8.8 (4.5-19.9}
. Intermediate-1 risk 3.5 [1.8-7.5]
g Low risk reference
A ASXL1, SRSF2, U2AF1, 1 €
EZH2 unfavorable “ 04
Intermediate-1 risk
A Presence andumber of oz
. ] | edian 10.3 years
additionalmutationshave 0.2 Intermediate-2 isk
significantprognostic Hg{ﬂ;ﬁﬁ mﬁﬂﬁﬁm
. N=87 (18%
ImpaCt 00 edian 2.-EI1.rears . : | . 1
0 5 10 15 20 25 30

Survival time in years
25



Newscores
include

clinical
features

blood counts
(anemig
leukocytosis
blastg

genetics

PassamontF Blood

2023

Score

Variables MIPSS-70*
(weight) MIPSS-70 version 2.0 MYSEC-PM MTSS
Clinical features | Age =65 y (1) Age =65y (1) Age (0.15 x y of | Age =57 y (1)
age)
Constitutional Constitutional Constitutional Constitutional Constitutional
symptoms (1) symptoms (1) symptoms (1) symptoms (2) symptoms (1)
RBC transfusions
need (1)
Karnofsky
<20% (1)
MMUD (2)
Complete blood |Hb <10 g/dL (2) Hb <10 g/dL (1) Hb <10 g/dL (1) Severe anemia”® (2) Hb <11 g/dL (2)
count Moderate anemiat (1)
WBC >25 x 10%/L (1) | WBC >25 x 10°/L (1) | WBC >25 x 10%/L (2) WBC >25 x
10%/L (1)
Blasts =1% (1) Blasts =1% (1) Blasts =2% (1) Blasts =2% (1) Blasts =3% (2)
PLT <100 = 10%/L (1) | PLT <100 x 10°/L (2) PLT <150 x PLT <150 x
107/L (1) 107/L (1)
Drnver mutation Absence of CALR Absence of CALR Absence of Absence of
status type V/like (1) type V/like (2) CALR (2) CALR/MPL
(2)
Additional 1 HMR (1) 1 HMR included ASXLT (1)
myeloid-gene U2AF1Q157 (2)
mutations =2 HMR (2) =2 HMR included
U2AF1Q157 (3)
Cytogenetics Unfavorablet (1) Unfavorable§ (3)

Very high-risk|| (4)

BM morphology

BMF grade =2 (1)




MPN evolution

Oftenlong, stable
diseasephasesandlow
rate of progressison

MPNshowlow genetic
complexityand high
geneticstability

Progressiortraditionally
definedaseither
myelofibrosisor AML
transformation

AML transformationin
20%o0f PMF and 2.5%f
ET and PV after 10

27

Separation between CHIP/CCUS and
manifest MN based on arbitrary

criteria -

Progression to AML
associated with maturation
arrest

I




Progressiorof MPN

Clinicalprogression
Increasinghepatosplenomegaly

Increasingcytopenia
Changeof PBfeaturessimulatingother myeloproliferativeneoplasms; leukocytosismonocytosis

Constitutionalsymptoms

Morphologicalprogression

Increasingibrosis+/- osteosclerosis

Increasdn blasts¢ acuteleukemia
Otherchangeqdysplasia CNL/CMMilike featuresetc.)

Genetic/molecularprogression

Clonalevolutionwith acquisitionof secondarygeneticalterations¢ clonaloutgrowth




PostPV and PosET MF

Late event (>10 -15 vy)

»

f; R RS
in 10 -15% of PV and ET #7a~ oa. Sl
patients after 15y 1’%,%25#‘“% .
Parallel increase in %"‘”’; 73

cytogenetic alterations

(+8 ,+9, del20q, -7,79

dell3q, del9p)

Distinct morphological

features compared to

PMF

- Less atypical
megakaryocytes

- Higher cellularity

- More cytogenetic
aberrations

ey o
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Post-PV MF

Required criteria

1. Previous established diagnosis of PV
2. Bone marrow fibrosis of grade 2 or 3

Additional criteria
1. Anemia (ie, below the reference range given age, sex, and
altitude considerations) or sustained loss of requirement of
either phlebotomy (in the absence of cytoreductive therapy)
or cytoreductive treatment for erythrocytosis
. Leukoerythroblastosis
. Increase in palpable splenomegaly of >5 cm from baseline or
the development of a newly palpable splenomegaly
4. Development of any 2 (or all 3) of the following constitutional
symptoms: >10% weight loss in 6 mo, night sweats,
unexplained fever (>37.5°C)

Lad M2

The diagnosis of post-PV MF is established by all required criteria
and at least 2 additional criteria
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Non-classical forms of MPN progression
14-year history of ET,

new pancytopenia
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Non-classical forms of progression

Postpolycythemic
myelofibrosis

associated with

marked persistent

neutrophilic

leukocytosis,

consistent with
progression

(neutrophilic type

disease progression)

Poor prognosis
NoBCR::ABL1




