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POLICITEMIA

nolys = molto
kytos = cellula
hema = sangue



HCT

Rapporto che intercorre tra gli elementi figurati
del sangue ed Il plasma

(rapporto % tra GR e plasma)

Composizione del sangue

Plasma

(55-60%)

Globuli bianchi
(leucociti) -

Globuli rossi
(eritrociti)




Relative

Disidratazione
Stress

Terapia diuretica
Ustioni

ERITROCITOSI

Acquisite
|

d" Hb > 165 g/L o Ht > 49%
2 Hb> 160 g/Lo Ht>48%

* Policitemia Vera (PV)

. Altitudine

« Malattie polmonari croniche ostruttive
+ Shunt cardiovascolari

« OSAS

- Tabagismo

- Malattie renali

« Tumori (HCC, polmone, ovaio)

« Androgeni

- Doping

=

* PFCP (Mutazioni EPO--R)

* Mutazioni in OSP (VHL,
HIF2a, PHD2)

* Metaemoglobinemia

* Hb alta affinita per O,

* Difetti del 2,3
bifosfoglicerato

ERITROCITOSI IDIOPATICA

McMullin MF. Ther Adv Hematol. 2012;3: 391-8.




Storia della PV

® 1" descrizione: 1892 L.H.Vaguez e 1903 W.Osler
(PRV, malattia di Osler-Vaguez)

® Inclusione nei ; W.Dameshek

® Nascita del ; (Dx*)

® Natura clonale: 1976 J.W.Anderson

® Scoperta mutazione JAK2: 2005 vari autori

® classification of MPN:



CRITERI DIAGNOSTICI PVSG

* Maggiori: RCM 2 36/32 mL/Kg, Sat. O, 2
92%, Splenomegalia

 Minori: PLT 2 400.000/uL, GB 2 12.000/puL,
ALP score > 100, Vit.B12 > 900 pg/mL



Storia della PV

® 1" descrizione: 1892 L.H.Vaguez e 1903 W.Osler
(PRV, malattia di Osler-Vaguez)

® Inclusione nei . 1951 W.Dameshek

® Nascita del . 1967

® Natura clonale: 1976 J.W.Anderson

® Scoperta mutazione JAK2: 2005 vari autori

® classification of MPN: 2008 e 2016



AGENDA

® Fundamentals

® Inquadramento nosologico

® Diagnosi e Diagnosi differenziale
® (Clinica)

® Terapia



AGENDA

® Fundamentals

® Inquadramento nosologico

® Diagnosi e Diagnosi differenziale
® (Clinica)

® Terapia



L’eritropoietina ¢ essenziale per I’eritropoiesi

Eritropoietina
/_ v 4 Ferro
SCF, IL-1, IL-3, SCF, GM-CSF, :

IL-3

Circa 8 giorni

Pluripotent Burst-Forming Colony-Forming Proeritro- Eritro- Reticolociti RBCs
Stem Cell Unit-Erythroid Unit-Erythroid blasti blasti
Cells (BFU-E) Cells (CFU-E)

Aumento della densita Diminuzione della densita dei
dei recettori EPO recettori EPO

EPO Dipendente EPO Indipendente

Papayannopoulou T, et al. In: Hoffman R, et al., ed. Hematology: Basic
Principles and Practice. 4" ed. 2005;267-288.



Erythropoletin is the primary regulator of
erythropoiesis

Iron is critical for heme synthesis
(O? carrier as part of hemoglobin)

Erythruld RBCs . Circulating
marrow RBCs

## haematologica

- the hematology journal

Haematologica 2003;88:601



EPO stimola I’eritropoiesi agendo sul recettore EPO

EPO

/

Recettore /

EPO
Attivazione
membrana
Fostorilazione di JAK2 (tirosin kinasi)

Trasduzione del segnale

Papayannopoulou T, et al. In: Hoffman R, et al. eds. Hematology Basic

Principles and Practice, 41" ed. Philadelphia, PA: Elsevier Churchill

Livingstone. 2005:267-288. Watowich SS. Int J Biochem Cell Biol. Crescita e differenziazione
1999;20:1075-1088.



Il recettore EPO attiva il gene che promuove I’eritropoiesi

\

membrana

]

nucleo

Attivazione del gene

Constantinescu SN, et al. TEM. 1999;10:18-23.
Miuray, et al. J Biol Chem. 1994;269:29962-29969.
Rossert J, et al. Nehrol Dial Transplant. 2005;20:1025-1028.



VALORI NORMALI

o) ?
Hb gr/dL 14 - 18 12 - 16
Hct % 42 — 36 —

47+ 5 41 £ 5



Fattori che possono variare Il valore di Hb/Hct

- Eta | (non tutti d'accordo)

- Etnia | 1-2% Afro-americani

- Altitudine 1 1 gr/dl ogni 3-4% | Sat O2
- Fumo 1 0.5-1 gr/dl x ipossia

- Laccio 1 2,5-5% Hct

- Stress 1 fino a 1 gr/dl x ansia e dolore
- Dieta (introito H20)

- Attivita fisica



Legge di Poiseville

Fluidodinamica: lega la viscosita di un fluido
alla sua

=8S /1
S = sezione della condotta
u = viscosita del fluido considerato



Effects of elevated red cell m

it ==t
I0 20 30 40 50 &0 70 30 90

Hematocrit {%6)

ass in PV

® Red cell aggregation increases

at high Hct level, favouring
vascular stasis

* The resulting enhanced

interplay between platelet,
leukocytes and vessel wall
might facilitate thrombosis

) i é —
CEndothelialcells . S

Spivak JNEJM. 2004 Jan 8; 350(2):99-101.
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Relative

EMOCONCENTRAZIONE
(sudorazione,vomito,
diarrea, DM, D.Insipido,
terapia diuretica,
Ustioni)

STRESS o M.di Gaisbok

d Hb > 165 g/L o Ht > 49%
2 Hb > 160 g/L o Ht > 48%

ERITROCITOSI

Acquisite
|

e P. PRIMITIVA o Vera (PV)

* P. SECONDARIE

1) > FISIOLOGICO produzione EPO

- Soggiorno in altura, Malattie
polmonari croniche ostruttive, Shunt

Dx-Sn, OSAS, Tabagismo
(carbossiHb)

2) INAPPROPRIATA secrezione EPO
- Malattie renali (r.policistico,cisti,
idronefrosi), Tumori (HCC,

cerebellari, renali, fibromi),
S.Cushing

3) ASSUNZIONE EPO

\

ERITROCITOSI IDIOPATICA
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POLICITEMIA VERA

® Disordine clonale della cellula staminale
emopoietica multipotente (WHO: Ph neg
cMPN)

® Mediana eta 60 aa
® M/F1.2:1.0

® Incidenza 0.6 — 1.6 /100.000/anno



MUTAZIONE JAK2V61/F

 Mutazione puntiforme in posizione 617 del

Cr. 9, con sostituzione di Valina con
= IEIERIGE

 Avviene nell’esone 14 nel 95-96% del casi;
nell’esone 12 nel 2-3% =

 Codifica per unatirosin kinasi (Janus
Kinase 2) coinvolta nella via di
segnhalazione JAK-STAT



La mutazione JAK2 attiva il gene che promuove I’eritropoiesi

membrana

Pl-3-Kinase

nucleo

Attivazione del gene

Constantinescu SN, et al. TEM. 1999;10:18-23.
Miuray, et al. J Biol Chem. 1994;269:29962-29969.
Rossert J, et al. Nehrol Dial Transplant. 2005;20:1025-1028.



ORIGINAL ARTICLE Hematolymphoid Malignancies
Influence of JAK2V617F allele burden on clinical phenotype of polycythemia

vera patients: A study from India
Sudha Sazawal, Kanwaljeet Singh, Sunita Chhikara, Rekha Chaubey, Manoranjan Mahapatra, Renu Saxena

Abstract

Background: Elevated JAK2ZVEI/F allele burden is associated with enhanced expression of downstream target genes in Philadelphia negative chronic
myeloproliferative neoplasms (CMPMNs) which include PV, ET & PME Previous studies have shown the impact of |JAK2ZVEIJF allele burden on clinical
phenotype of CMPMNs. However, there is no data from India regarding the association between JAK2WSI17F allele burden and clinical phenotype in PWV.
Aims/Settings and Design: Ve aimed to investigate the effect of allele burden on clinical phenotype in 90 JAK2V6 1 7F positive PV patients and to see
its influence on disease related complications. Material and Methods: Allele burden of 20 JAK2VE | 7F positive PV patients was quantified by Real-time
polymerase chain reaction (ROQ-PCR). Results: 74/90 (82.22%) were males and 16/90 (1 7.78%) were females (median 45 years, range 35-78). Patients with
age >50 years had significantly higher |JAK2V517F allele burden {median 40.15%, range 0.49—91.62 %) than patients with = 50 years age (median 48.59 %,
range 0.56—86.74 %5; P = 0.031). Patients with splenomegaly had significantly higher |AK2V6 1 7F allele burden (mean 50.24%, range 6.91-84.17%) than patients
without splenomegaly (mean 33.82 %, range 0.49—71.83 %; P = 0.017). Patients with higher allele burden (median 57.20, range 43.4—72.03%) had significanthy
raised thrombotic events than the patients with lower allele burden (median 37.38, range 0.49—84. | 7%5; P = 0.043). 49/90 (54%) were homozygous and 41 /90
(46%) were heterozygous. Conclusions: Higher |AK2ZVE17F allele burden showed association with increased age, splenomegaly and thrombotic events.
Thus, it may be considered for prognostication and setting up the treatment protocol in PV patients.

| Key words: |JAK2V6I17F allele burden, polycythemia vera, real-time pelymerase chain reaction

FTherapeuhc Advances in Hematology

Ther Adv Hematal

JAK2 allele burden in the myeloproliferative . e

neoplasms: effects on phenotype, prognosis =
- © The Authoris], 2010.
and change with treatment e e———

JournalsPermissions.nav

Alessandro M. Vannucchi, Lisa Pieri and Paola Guglielmelli

Abstract: The field of Philadelphia-chromosome-negative chronic myeloproliferative
neoplasms (MPNs] has recently witnessed tremendous advances in the basic knowledge of
disease pathophysiology that followed the identification of mutations in JAKZ and MPL.
These discoveries led to a revision of the criteria employed for diagnosis by the World Health
Organization. The prognostic role of the JAK2V417F mutation and of its allelic burden has been
the objective of intensive research using a variety of cellular and animal models as well as in
large series of patients. While a definitive position cannot yet been taken on all of the issues,
there is a consensus that the presence of higher V617F allele burden, that is on the basis of a
stronger activation of intracellular signalling pathways, is associated with the clinical pheno-
type of polycythemia vera and with defined haematological and clinical markers indicative of a
more aggressive phenotype. On the other hand, a low allele burden in myelofibrosis is asso-
ciated with reduced survival. Finally, a significant reduction of JAK2V617F allele burden has
been demonstrated in patients treated with interferon, while the effects of novel JAK1 and
JAK2 inhibitors have not yet been fully ascertained.




Thrombasis (?)
Myelofibrosis
Leukemia (?)

Disease-
complications
and evolution

Allele burden of
JAK2 (V61TF)

Clinical
phenotype

WBC Hb PLT  WBC Hb

Cells heterozygous for JAK2 (V617F)

Cells homozygous for JAK2 (V617F)

Normal range Above normal range Below normal range




WHO (2008) criteria for polycytemia vera (PV): diagnosis requires the presence of both major
criteria and one minor criterion, or the presence of the first major criterion together with two

minor criteria
”“p A g‘; -& ~~-"s'z'l
a“

Major criteria R e . =S ..

\ .o c.’ ﬁ
1. Hemoglobin >18.5g /dL in men, 16.5g/dL | 254 ¥ "
in women or other evidence of increased red b
cell volume

2. Presence of JAK2 V617F or other functionally
similar mutation such as JAK2 exon 12
mutation

Minor criteria

1. Bone marrow biopsy showing hypercellularity
for age with trilineage growth (panmyelosis) with
prominent erythroid, granulocytic and
megakaryocytic proliferation

2. Serum eryhtropoietin level below the
reference range from normal

3. Endogenous erythroid colony formation in vitro




Revisione deil Criteri Diagnostici della WHO
per la Policitemia Vera nel 2016

e Perché?

— Sottostima della diagnosi sec. criteri del 2008 nel 30-65%
dei soggetti nei quali si dimostrava un aumento della massa
eritrocitaria

— Dimostrazione dell’elevata sensibilita e specificita della
biopsia osteomidollare

— Dimostrazione dell’esistenza di una forma iniziale
(“mascherata”) di PV

— Necessita di distinguere le forme “mascherate” di PV dalla
Trombocitemia Essenziale



Implicazioni del nuovi criteri diagnostici

+ 1 “nuovi” livelli di emoglobina ed 5
ematocrito si riscontrano in € g
almeno il 5% della popolazione § °| Masked PV ) —|__q=[,'f;}}.';;i-:0'sw
sand e s g : Overt PV —
| “nuovi” criteri potrebbero =
risultare in un numero 5 S
eccessivo di esami non - Cfn
diagnostici 8 - Overt PV
| “nuovi” criteri devono essere 0 2 4 8 8 w1
utilizzati ed interpretati da Anni dalla diagnosi
ematologi esperti °| pazienti con PV mascherata

presentavano un piu elevato
numero di eventi trombotici,
dovuto ad un trattamento meno
intensivo
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Discrimination of ET and PV in JAK2V617F
patients by hemoglobin levels

HB

2008 WHO
ET JAK2V617F Masked PV Overt PV
HB values not meeting 2008
WHO criteria
M: 16,5 g/dL Hct 2 49% M: 18,5 g/dL Hct = 55.5%
F: 16,0 g/dL Hct = 48% F: 16,5 g/dL Hct 249.5%

Proposal to lower HB threshold values as
major criteria of PV diagnosis

Barbui et al, Leukemia 2014, Barbui et al. AJH 2013, 2014




WHO 2016 - Diagnostic criteria for PV

Major criteria:

1.Hb > 16.5 g/dL in men , Hb > 16.0 g/dL in women OR,
Hct > 49% in men, Hct >48%b0 in women OR increased red cell mass

2. Bone marrow biopsy showing hypercellularity for age with trilineage
growth (panmyelosis) including prominent erythroid, granulocytic and
megakaryocytic proliferation with pleomorphic megakaryocytes

3. Presence of JAK2 mutation

Minor criterion:

Subnormal serum EPO level

Diagnosis of PV requires meeting either all three major criteria, or the first two

__major criteria and the minor criterion




WHO 2016 — Revised criteria for PV

* |n cases with sustained absolute erythrocytosis (Hb levels >18.5 g/dL,
Hct > 55.5 % in men or >16.5 g/dL, 49.5% in women, bone marrow biopsy
may not be necessary for diagnosis if major criterion 3 and the minor
criterion are present.

= However, only by performing a bone marrow biopsy an initial myelofibrosis
(up to 20%) may be detected that indicates a more rapid progression to overt
myelofibrosis (post-PV MF).




Work-up diagnostico

Ricerca Mutazione JAK2 + esone 12
Dosaggio EPO circolante
(Saturazione O2)

(Ecografia addome)
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Sospetto diagnostico

Data della diagnosi

Fase della malattia

Precedenti campioni analizzati per la stessa indicazione

Se si, T ) e oro e A S B (Y G S

MALATTIA MIELOPROLIFERATIVA sospetta (poliglobulie, piastrinosi...)
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Precedenti campioni analizzati per la stessa indicazione [ 1no [ ]si

Se i, dRiB....eoies i B I R vt s i ras weomsbsnsbonavidhinasige ssasatsass sansseunn s i enssanaeaae .

MALATTIA MIELOPROLIFERATIVA sospetta (poliglobulie, piastrinosi...)

[ ] mutazione V617F JAK2
Se JAK2 V617F neg, [ ] ricerca mutazioni CALR
se CALR neg, [ ] ricerca mutazioni MPL WS15L/K

MALATTIA MIELOPROLIFERATIVA nota (TE, MF, PV) JAK2 V617K negati
[ | mutazione CALR
se CALR neg, [ ] ricerca mutazioni MPL WSI15L/K

[ ] ricerca mutazioni JAK2 esone 12

Materiale inviata [l 1 midalla



Algorithm for diagnosis of PV

‘ Suspected PV

JAK2(exon 12) + EPO

A 4

JAK2 positive + Low EPO

A 4

M:
F:

Hb levels
> 18,5 g/dL
> 16,5 g/dL

|

Polycythemia
Vera

A 4

A

y

JAK2 negative

A 4

Hb levels
M: 16,5-18,5 g/dL

F: 16,0-16,5 g/dL

l

Bone marrow
biopsy

Low EPO High EPO
Emoconcventrazione Not PV
Mutazione ignota? Evaluate for

P. da strgess ' secondary
Eritr.ocitosi idiop causes of
Differente MPN erythrocytosis




Indicazioni alla BO

casl JAK2 neg (PMF > ET)
casl con Hb borderline (DD MPN)
fibrosi midollare (indice prognostico)

cambio quadro clinico



The role of erythropoietin

Absolute erythrocytosis
162 untreated patients
99 PV, 60 SE and 3 IE

Standardized Serum Epo Assay

EPO < 1.4 IUL 1.4 <EPO <13.7 UL EPO = 13.7 IL/L
65 patients 88 patients 9 patients
65 PV; OSE; OIE 34 PV; 51 SE; 2IE OPV; 9 SE; OIE

& & &

Diagnosis of PV - . Other - Diagnosis of SE
and investigations and
exclusion of SE required exclusion of PV

Figure 2. Efficiency of serum Epo level at first diagnos-
tic test in untreated patients with absolute erythrocyto-
sis. The figure represents the efficiency of Epo thresholds
1.4 and 13.7 IU/L (as defined by ROC analysis) at diag-
nosing PV and secondary erythrocytosis among untreat-
ed patients with absolute erythrocytosis. Polycythemia
vera (PV), secondary erythrocytosis (SE), idiopathic ery-
throcytosis (IE).

The evaluation of serum erythropoietin is an
easy, fast and cheap parameter that aims the
physician in the diagnostic evaluation of the

patient with polyglobulia

Mossuz P et al. Haematologica 2004 Oct;89(10):1194-8
Tefferi A. Mayo Clin Proc 1999 Feb;74(2):159-62
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Evolution of the Disease Progress in PV

Early Stage — Manifestation > Transformation
l Post-polycythemic
Includes masked/ myeloid metaplasia
early stage of PV (spent phase)
~30%
10 - 15 yrs.
L J 1 1 1 1 1 1 1 1 1| —
T >Plenomegay,
~10-15%
Blastic crisis
I | | 1| |
Initial stage Polycythemic stage Terminal stage

Barbui T et al, Leukemia 2014; 28:1191-5



Burden of PV

Disease-
Major Associated SPlenomegaly ~
thrombosis Symptoms « Abdominal discomfort

e |Infarcts

Microvascular |
« Compression

Symptoms

\ PPV-

AML

2nd
cancers




Overall Survival in PV

8 N ET
PMF
\ y
= R
©
=
o o _|
o ©
@
&
§ Expected survival
g ET vs Expected p < 0.001
T ET
Median survival = 19.8 yrs \
K | ETvsPVvs PMFp<0.001
Median survival = 5.9 yrs Median survival = 13.7 yrs |
2 | | | |
0 10 20 30 40

Number at Risk Years

292 207 85 11 1

267 153 34 7

267 37 3

Survival in 337 Mayo Clinic patients with PV (44% followed to death) compared with expected
survival based on individuals of the same age and gender from the US population

Tefferi A et al, Blood 2014; 124: 2507-13



PV patients mortality rate is about 1.6 times higher vs.
general population?

= Patients can live with PV for many years

but ||fe expecta ncy is shorter than the Survival in patient; with PV compared with expected
] survival for age and sex
average population of the same age! 100
= If not treated, PV can lead to death within 80
18 months (median)? o
g 60 P <0.001
° - (O]
" If treated, PV patients median overall 5 a0
survival (OS) is approximately 14.1 years? ormenes
20 xpecte
. - po . Number at risk
=46% of PV Patients are classified as high N . 126 6 28
risk Patients* with a median OS of 8.3 0 5 10 15 20
ears
2
years Survival in 337 Mayo Clinic patients with PV (44% followed to

death; median survival, 14.1 years) compared with expected
survival based on individuals of the same age and sex from the
total US population.

1. Tefferi A, et al. Leukemia. 2013;27:1874-1881; 2. Alvarez-Larran A, et al. Blood. 2012;119:1363-1369.
3. Marchioli R, et al. N Engl J Med. 2013; 368:22-33.
4 Passamonti et al., 2014



Causes of Death in PV Patients

Thrombosis Hemorrhage

16))
o

29.7%

9.2% 9.2%

Percentage
N
)
|
Percentage
N
o

2.6% 4.3% 1.4%

1961 1995 2005 2013 1961 1995 2005 2013
Chievitz GISP ECLAP Tefferi Chievitz GISP ECLAP Tefferi

MF & AL Cancer

o))
o
|
&)
o

Percentage
N
o
|
Percentage
N
)

4.8%

1961 1995 2005 2013 1961 1995 2005 2013
Chievitz GISP ECLAP Tefferi Chievitz GISP ECLAP Tefferi

Thiede T, et al. Acta Med Scand. 1961;170:443-448. Gruppo ltaliano Studio Policitemia. Ann Intern Med. 1995;123(9):656-664. Marchioli R, et al, J Clin Oncol.
2005;23(10):2224-2232. Tefferi A, et al, Leukemia. 2013;27(9):1874-1881.




ECLAP: European Collaboration on
Low-Dose Aspirin in PV

Central Coordination )

Central registry

RCT N=518
3§
Clear Indication ASA Uncertain Clear Contraindication
to ASA benefit/risk ratio for ASA

Cohort for the Evaluation of Natural History (1,638 pts)

Landolfi R et al, NEJM 2004;350:114-24.




Superiority of Low Dose Aspirin to Placebo in the
ECLAP Study

“
": Aspirin
=
A
2
I!d-_.': 0.85— 1
ol T
:g__ 0_B0— Placeba
=
[}
=
[ 0.75—
[
0.7 0—
&
.00 I I I I I I I I I I 1
] 180 360 540 70 S 1080 1260 1440 1&20 1500
Days after Randomization
Mo. at Risk [Mo. of Ewents)
Aspirin 253 (1) 249 (5) 243 (3) 223 (2) 204 (3) 145 (1) 108 () TE (0O} 23 (o) 1 (i) Q0
PMlacebo 65 (10) 254 (B) 242 (6) 226 (7) 214 (2) 157 (4) 112 (2} 702} i 0] 1 (i) Q0

* Probability of survival free of myocardial infarction, stroke, and death from cardiovascular causes,
pulmonary embolism and DVT. HR: 0.40 (95% Cl, 0.18 to 0.91)
 Atrend for more frequent minor bleeding was observed

Landolfi R et al, NEJM 2004;350:114-24.



Risk Factors for Thrombosis:
Results of the ECLAP Observational Study

Probability

1.00 Low-risk
______ I Events/100
0957 W . g g No prior thrombosis persons/yr HR
No prior thrombosis™—, _ Age < 65 years
0.90 ~_Age = 65 years TV —— 25 1
. |
0.85 e }
B Intermediate-risk
0.80 Prior thrombosis
Age < 65 years Events/100 HR
0.75 persons/yr
0.70 | —\—Hi Prior thrombosis 50 200
. Age = 65 years
0.65 4.9 1.96
0.60 . .
ECLAP cohort 1,638 High-risk
0.55 T T T T T T T T T ‘\ Events/100
0 180 360 540 720 900 1,080 1,260 1,440 1,620 1,800 persons/yr HR
Cardiovascular Event-Free Survival (days
. 10.9 4.35
Patients at risk (events)
1638 (40) 1487 (46) 1412 (30) 1280 (37) 1118 (24) 855 (21) 649 (14) 455 (7) 247 (5) 85 (1) 21

Marchioli R et al., JCO 2005, Apr 1;23(10):2224-32



Rate of Major Thrombosis by Risk Group in PV and
Calendar Period of Diagnosis

LOW RISK HIGH RISK
Dx before 2005 IR: 2.03 % pts/yr; | IR: 4.01 % pts/yr:
IR per 100 person/yrs 95% CI: 1.58-2.61 95% CI: 3.28-4.90
Dx after 2005 IR: 2.24 % pts/yr; | IR: 2.93 % pts/yr;
IR per 100 person/yrs 95% CI: 1.33-3.78 95% CI: 1.89-4.54

* AMI, stroke, PAT, DVT, PE, TIA, SVT

DVT = deep-vein thrombosis, IR = incidence rate, AMI = acute myocardial

infarction, , PAT = peripheral arterial thrombosis), PE = pulmonary embolism,
TIA = transient ischemic attack Barbui T et al, Am J Hematol 2015; 90:934-7



Thrombotic risk stratification in PV %;eam‘ LeukemiaNet" E

Age > 60 Years or

Risk Category History of Thrombosis
Low NO
High YES

High hematocrit, hypertension, leukocytosis, JAK2V617F allele
burden, and other risk factors for thrombosis (smoking, DM,
hypercholesterolemia, thrombophilia), are not formally integrated
into current scores.

Barbui et al. J Clin Oncol. 2011; 29:761
Vannucchi AM Haematologica 2017; 102:18




Optimal Target Level of Hematocrit in the
Management of PV: the CYTO-PV Study

Eligible Patients

WHO-2008 diagnosis
All comers with no contraindications

‘, 1
Standard arm 1-1 Experimental arm
HCT< 45% ' HCT 45-50%

Median follow-up 31 months ( range 1.5-48)

Marchioli R, et al. NEJM. 2013; 368:22-33



Lower Rate of Cardiovascular Events or Major Thrombosis in
Stringent Hematocrit Control Arm (Cyto-PV trial)

1.0
1
> 094 Log-rank test P = .01
i
o — Low HCTD
8 — High HCT
a 0.8
Events HR (95% Cl)
8/182 (4.4%) 1.00.
20/183 (10.9%) 2.69 (1.19-6.12)
07 I I I I I I I 1
0 6 12 18 24 30 36 42 48
Months
Low HCT_182_J(1)L176_(3)U165_ (2)L 151_ (1)_127_(0)_ 94_ (1)_ 60_ (0)_ 18_ (0)_ 0.
0) 0

High HCT 183 (7) 167 (0) 159 (4) 141 (4) 108 (2) 91 (2 53 (1) 11

In patients with hematocrit
levels 245%, the risk of CV-
related death or major
thrombosis was increased
approximately 4 times (P =
0.007) versus patients with
hematocrit <45%

1. MarchioliR et al. N Engl J Med. 2013;368:22-33.



Hematocrit is a risk factor for thrombosis in PV v-ro;g

HCT< 45% HCT HR
n =182 45-50% = (95% CI)
n =183
Primary Endpoint*, n (%) 5 (2.8) 19 (10.4) 24 (6.6) @ 0.005
(CV death, MI, stroke, PAT, DVT, PE, TIA
and abdominal thrombosis) (1.54-11.0)
IR person/year 1.1 4.7 2.9
Total CVevents*, n (%) 8 (4.4) 21 (11.5) 29 (8.0) 2.83 0.012
(Primary Endpoint plus superficial
thrombosis) (1.25-6.38)
IR person/year 1.9 5.2 3.5

* After a median of 31 months of follow-up.

Marchioli et al. NEJM 2013;368:22



Hematocrit Level During the Cyto-PV Study

Hematocrit Level (%)

No. of Patients
Low HCT
High HCT

524

50

48—

High HCT
75th Percentile

481 e \edian

25th Percentile

46 \‘
[ Low HCT
44 44.7 442 44.4 44 4 44 2 1 75th Percentile
= s == Nedian
42— —_— i
% 25th Percentile
0 I | | | I | |
0 6 12 18 24 30 36 42
Months
182 179 171 157 135 103 64 26
183 178 166 145 127 a7 63 22

Marchioli R, et al. NEJM. 2013; 368:22-33
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Goals of Therapy in Patients with PV

5

EI:N LeukemiaNet"

European

Prevention of CV Symptomatic Prevention of PPV-
complications burden MF / AML

100 Satisfaction

- Barbui T, et al. J Clin Oncol. 2011;29:761-770.



Management of the disease is tailored to individual patients
on the basis of their risk for thrombotic events and age

Low risk patients PV Population High risk patients

- <60 years old AND - 260 years old AND / OR
- No history of thrombosis - History of thrombosis
In case of: A
s N ~ D
Treatment Frequent phlebotomy " Treatment
‘ requirements/intolerance 4
i Phlebotomy Symptomatic splenomegaly £ Phlebotomy
b4 i I I +
+ Severe disease related .
b Aspirin low dose symptoms . b Aspirin low dose
L ) PIt count > 1,500 x 109 / L +
Progressive leukocytosis HO. Cytoreductive
; H therapy, mainly
i i hydroxyurea?
Add cytoreductive therapies [----- > yaroxy #
% of PV patients are not fully responders - Not fully respondent patients
because they become resistant or intolerant to HU Resistant or intolerant to hydroxyurea

1.Alvarez Larran BLOOD, 9 FEBRUARY 2012 VOLUME 119, NUMBER 6; 2.ELN guidelines



ELN criteria for resistance and intolerance to HU in PV

Not fully respondent patients
Resistant or intolerant to hydroxyurea

\ 4

INTOLERANT PATIENTS

Non hematologic toxicities

* Leg ulcers

» other unacceptable HU-related non-
hematological toxicities, gastrointestinal
symptoms, pneumonitis or fever at any dose of
hydroxycarbamide

Hematologic toxicities

* Neutrophil count <1,000/mL

* platelet count <100,000/mL
\_* Hb<10g/dL

Barosi et al 2010

\ 4

RESISTANT PATIENTS

R is defined after 3 months HU = 2 g/day by:
inability to adequately control blood counts
without phlebotomies or symptoms:
* Need for phlebotomy to keep Ht <45%
* Uncontrolled myeloproliferation:
* platelet count >400,000/mL
* blood cell count >10,000/mL

* Failure to reduce massive splenomegaly by
more than 50% as measured by palpation OR
Failure to relieve symptoms related to
splenomegaly?




Development of resistance or intolerance to HU in a real
life setting represents a therapeutic challenge

( N
Potentially leukemogenic in long term treatment

Tobeusedonly>75y
\,

(
Busulfan

( N
Potentially leukemogenic in long term treatment;

withdrawn from the market
L Y

( )

Radiophosphorus Not recommended

\, J

Pipobroman

Cytoreductive <
agents

-
IEN- Off label

High discontinuation rates
\, J

\.
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Pegylated interferon alfa-2a for polycythemia vera or essential
thrombocythemia resistant or intolerant to hydroxyurea
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Interferon Alpha in Polycythemia Vera

 IFN-a has shown evidence of

olecular responses/in patients with early stages of PV

— Relieving pruritus in some patients
— Use in pregnancy

— Inducing complete hematologic responses

— Based upon phase 2 studies in a limited number of patients, IFN-a affects rates of
thrombosis, the evolution to AML or secondary MF, and the development of bone
marrow fibrosis?

— However/15-25% of thepatients have to discontinue treatment with pegylated




Eventi avversl associlati al trattamento con
oncocarbide o interferone

Peg-IFN
MIM
2 (6%) 7 (19%) 0.07
_m_ 6 (17%) 7 (19%) 0.76
: 1008w <oo01 | <
Diarrhea 5 (14%) 7 (19%) 0.53
Dyspnea 1(3%) 7 (19%) 0.02
Fatigue 10 (28%) 18 (50%) 0.05
Bl Flu-like syumptoms  BEESNELD 12 (33%) <0001 | <
Headache 4 (11%) 7 (19%) 0.33
Injection site reaction - 9 (25%) 0.001 <
Leukopenia 3 (8%) 8 (22%) 0.10
[T 7 (19%) 7 (19%) 0.99
N © (>5%) 11 (31%) 060
Pruritus 3 (8%) 10 (28%) 0.03
Thrombocytopenia 7 (19%) 6 (17%) 0.76
Overall (g 32 (89%) 36 (100%) 0.04
5 (14%) 17 (47%) 0.002
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Treatment
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Perspectives for Therapy Improvement in the Management of
PV

Strategies to Reduce the Residual Risk of Thrombosis

* Earlier diagnosis

* Aggressive control of CV risk factors

* Personalized use of prophylactic ASA

* New anti-thrombotic strategies?

* More stringent criteria of phlebotomy

* Appropriate and more timely use of cytoreductive drugs
* New drugs (ruxolitinib)

Strategies to Reduce the Risk of PPV-MF & sMDS/sLAM
o 7777




Composizione del sangue

Plasma
(55-60%)

Globuli blonchl
(leucociti)
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