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The 2016 revision to the World Health Organization
Classification of Myeloid Neoplasms and acute leukemias

Myeloproliferative neoplasms

Myeloid/lymphoid neoplasms with eosinophilia and rearrangement of
PDGFRA, PDGFRB, or FGFR1, or with PCM1-JAK2

Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)
Myelodysplastic syndromes (MDS)

Blastic plasmacytoid dendritic cell neoplasm

Acute leukemias of ambiguous lineage

Acute myeloid leukemia (AML) and related neoplasms
B-lymphoblastic leukemia/lymphoma

T-lymphoblastic leukemia/lymphoma

Arber DA et al. Blood. 2016; 127(20):2391-2405



The 2016 revision to the World Health Organization
classification of myeloid neoplasms and acute leukemia

Myeloproliferative neoplasms (MPN)
Chronic myeloid leukemia (CML), BCR-ABL1"
Chronic neutrophilic leukemia (CNL)
Polycythemia vera (PV)
Primary myelofibrosis (PMF)
PMF, prefibrotic/early stage
PMF, overt fibrotic stage
Essential thrombocythemia (ET)
Chronic eosinophilic leukemia, not otherwise specified (NOS)
MPN, unclassifiable
Mastocytosis

Arber DA et al. Blood. 2016; 127(20):2391-2405
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Differentiation and proliferation

MDS AML MPD
Differentiation Impaired Impaired Mormal
— —
Froliferation/survival Impaired Freserved Increased
— —

Arrows indicate where a second hit could result in progression to ANL.

Nimer SD. Blood 2008;111:4841.



Normal myelopoiesis and

myeloid malignancies

'

Dysplasia or ineffective haematopoiesis

Increased proliferation

Deininger MWN et al. Nature Review Cancer. 2017;17:425

Myeloproliferative neoplasms (MPN) are
characterized by excess proliferation in one
or more of the myeloid lineages and
frequently by extramedullary
haematopoiesis. Blood cell morphology is
normal and differentiation is maintained.

Myelodysplastic syndromes (MDS) exhibit
decreased numbers of cells in the blood,
whereas their bone marrow is frequently
hypercellular (ineffective haematopoiesis).

Acute myeloid leukaemia (AML) is
characterized by differentiation arrest and
accumulation of primitive undifferentiated
myeloid cells (myeloblasts)

MDS/MPN display a combination of the
features of MDS and MPN with dysplasia
and excess production of blood cells in at
least one of the myeloid lineages.




Tyrosine kinase genes in CMPD

9q34: ABL1

— 1(9;22)(934;q11): BCR-ABL1 CML
5q33: PDGFRB

— 1(5:12)(g33;p13): ETV6-PDGFRB CMML with eosinophilia
8pll: FGFR1

- t(8;13)(p11;912): 8p11 CMPD
4912: PDGFRA

— deld4ql2: FIP1L1-PDGFRA: HES
4912: KIT

— KIT (D816V): systemic mastocytosis
9p24: JAK2

— JAK2(V617F): PV, ET, IM



Tyrosine kinase involved in the pathogenesis of CMPD

BCR ABL1
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Classification and molecular pathogenesis of the MPD

MPD Activating
mutation

Mast —p Systemic KITD8I6V
cell mastocytosis FIPILI-PDGFRA
Red —— Polycythaemia JAK2V6I7F
blood cells vera JAK2 Exon 12
Platelets ———s Essential JAK2VEI7F

thrombo- MPLWSISL/K

cythaemia
Eosinophils=———s Chronic FIPILI-PDGFRA

eosinophilic

leukemia

Neutrophils (" Chronic myeloid  BCR-ABL

\ il TEL-PDGFRB
Chronic BCR-PDGFRA
myelomonocytic  TEL-JAK2
/ leukaemia other fusion TKs
Primary JAK2VEI7F
MONGCYIes \_myelofibrosis MPLWSISL/K

Levine RL et al. Nat Rev Cancer. 2007;7:673-83 Nature Reviews | Cancer



LEUCEMIA MIELOIDE CRONICA




The development of CML

Nature Reviews | Cancer



Milestones in the history of CML

1960: Abnormal chromosome 22 (Philadelphia chromosome) identified and associated with CML

1973: Translocation 9;22 defined

1983: Molecular studies of fusion abnormality of breakpoint cluster gene (bcr) with cellular abl gene (c-abl)
1984: Fusion cytoplasmic protein BCR-ABL found to alter cell proliferation, adhesion and survival

1984: Constitutive abnormal BCR-ABL tyrosine kinase activity defined

1988: Development of synthetic pharmacologic inhibitors that target tyrosine kinases

1998: Phase | clinical trials using STI-571 initiated

2001: STI571 is approved for treatment of CML that is refractory to IFN-therapy

1.



t(9;22)




Schematic diagram of the translocation that creates the
Philadelphia chromosome.

Changed chromosome 9

Normal

chromosome 9 Chromosomes break
Changed
chromosome 22
Normal (Philadelphia
chromosome 22 chromosome)
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The t(9;22) translocation and ts products

BCR-ABL oncogene
t[%22){q34:qll)
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Deregulation by BCR-ABL of proliferation,
adherence, and apoptosis




Main BCR/ABL-activated pathways regulating proliferation
and survival of hematopoietic cells
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Possible mechanisms of CML disease
progression
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LMC: epidemiologia

Rappresenta il 15-20% di
tutte le leucemie

Incidenza 1-1,5
casi/100.000 individui anno

M>F
Eta mediana: 50 anni




Clinical course of CML

Nature Reviews | Drug Discovery



LMC: clinica

Panel 1: Presenting symptoms and signs of chronic
myeloid leukaemia

Frequent
« Fatigue

: « Asintomatica in un terzo dei casi
+ Night sweats

— Leucocitosi di diversa entita

+ Malaise and weight loss :
— Splenomegalia

+ Left upper quadrant pain, discomfort, satiety
» Splenomegaly

Less frequent

« Priapism

+ Retinal haemorrhages

« Thrombaosis, bleeding, or both

. Bone pain® - Fase accelerata/blastica:
«  Hepatomegaly « come leucemia

+ Lymphadenopathy™

+  Skin infiltration™

« Extramedullary mass (chloroma)*

*Should raise suspicions of presentation with advanced phase disease.

Apperley JF. Lancet 2015; 385: 1447-59
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LEUCEMIA MIELOIDE CRONICA:
fase cronica




CML: fosfatasi alcalina leucocitaria
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1(9;22): citogenetica
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DUAL COLOUR FISH TO DETECT CHROMOSOME TRANSLOCATIONS
Fusion gene detection

Translocation

NORMAL




Mandatory diagnostic tests for CML

Blood count with blood film differential.

— This will typically show a so-called left shift of the myeloid series with the
presence of rare blasts, promyelocytes, myelocytes and metamyelocytes,
basophils, and eosinophils.

— these must be accurately quantified as the results contribute to accurate
identification of disease stage and prognostic scoring systems.

Bone marrow aspirate with differential

— toinclude percentages of blasts, promyelocytes, myelocytes, eosinophils, and
basophils.

Cytogenetics and karyotyping by G banding:

— fluorescent in-situ hybridisation is not sufficient at diagnosis as it is unable to
identify chromosomal abnormalities in addition to the t(9;22) translocation

Reverse transcriptase PCR for BCR-ABL1 mRNA transcripts.

Apperley JF. Lancet 2015; 385: 1447-59



Calculation of relative risk

Study Calculation Risk definition by calculation
Sokal et al. 19847 Exp 0.0116 % (age — 43.4) + 0.0345  (spleen — 7.51) + 0.188 x [(platelet count + 700)* — Low risk: <0.8
0.563] + 0.0BB7 = (blast cells — 2.10) Intermediate risk: 0.8-1.2

High risk: =1.2

Euro 0.666 when age =50 v + (0.042 = spleen) + 1.0956 when platelet count =1500 = 10%L + Low risk: =780

Hasford et al. 1558 (00584 = blast cells) + 0.2039% when basophils =3% + (0.0413 = ecsinophils) = 100 Intermediate risk: T81-1480
High risk: =1480

EUTOS Spleen = 4 + basophils < 7 Low risk: =BT

Hasford et al. 2011? High risk: =87

Ageis given inyears. Spleen is givenin centimeters below the costal mamgin (maximum distance). Blast cells, ecsinophils, and basophils are given inpercent of peripheral
blood differential. All values must be collected before any treatment. To calculate Sckal and Euro risk score, go to hitp.www leukemia-net.org'contentleukemias/cml’
cmil_scorefindex_eng.html. To calculate EUTOS sk score, go to hitp:/www . leuke mia-net.org'content Jleukemias/cmlieutosscorefindex_eng.hitmi.

Baccarani et al. Blood. 2013;122(6):872-884)
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Development of treatments for CML

[ Palliative therapy J'—[::-[ Curathee therapy I

l Arzenic

[ tpeen iradiation

=, Eieulfan
_E Hydrooyurea }

= [ Stem celltrancplantaticn -
[ Combination demotherapy :

- Interieron alpha -

[ Imatinib  ——

Casatinib, niletinib
A
I 1 - 1 1 1 | 1 1 1
1865 1903 19535 1364 1275 12683 192a 005

Lancet 2007; 370: 342-50




Imatinib Mesylate

Imatinib mesylate
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Druker BJ. Blood. 2008;112:4808-4817)
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Second generation inhibitors of BCR-ABL for the treatment
of imatinib-resistant CML
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Nilotinib Dasatinib

Nilotinib Dasatinib

Nature Reviews | Cancer



Tyrosine Kinase Inhibitors Available for
Chronic Myeloid Leukemia

égent

Indications for use

Dosing

Key toxicities

Comment

~

Imatinib

Nilotinib

Dasatinib

Bosutinib

Ponatinib

-

CP—newly diagnosed
CF, AP, BP—after
interferon therapy

CP—newly diagnosed
CE AP—patients
with resistance or
intolerance to prior therapy
CP—newly diagnosed
CP AP, BP—patients with imatinib
resistance or intolerance
CP, AR BP—patients with resistance
or intolerance to prior therapy

CP, AP, BP—patients
with T3151 mutation
CFE AP, BP—patients in
which no other TKl is indicated

CP—400 mg once daily
{up to 800 mg)

AP, BP—600 mg once daily
{up to 800 mg)

CP (newly diagnosed) —
300 mg twice daily

CP (prior therapy), AP—
400 mg twice daily

CP—100 mg once daily

AP, BP—140 mg once daily

500 mg once daily

45 mg once daily

Peripheral edema,
myalgias, nausea

QT prolongation, pancreatitis,
hyperglycemia, hepatotoxicity,
vascular events

Pleural effusions, hematologic,
pulmonary hypertension,
hemorrhage

Diarrhea, hematologic,
hepatotoxicity

Hypertension, arterial and venous
thrombotic events, heart failure,
pancreatitis, hepatotoxicity

First TKI approved for
CML, has the longest
duration of follow up

Superior to imatinib
in a randomized study
for newly diagnosed
patients

Superior to imatinib in a
randomized study for

newly diagnosed patients

In a randomized study
versus imatinib, failed to

meet the primary endpoint

(though was not worse)
Only available TKI active
against T315 mutations

/

Jabbour AJH 2016



Chronic phase treatment recommendations for first,
second, and subsequent lines of treatment

First line
Imatinib or nilotinib or dasatinib
HLA typa patients and siblings only in casa of basaline wamings (high risk, major
route CCAPh+)
Second line, intolerance to the first TKI
Anyone of tha athar TEls approvad first lina (imatinib, nikotinib, dasatinib)
Sacond line, failure of imatinib first line
Diasatinib or nilotinib or bosutink or ponatinib
HLA typa patiants and siblings
Second line, failure of nilotinib first line
Diasatinib or bosutinib or ponatinib
HLA type patients and siblings; saarch for an unralated slem call danor, considear
allesCT
Second line, failure of dasatinib first line
Milotinib or bosutinib or ponatinib
HLA typa patents and siblings; search for an unralated stam call donor, considar
alesCT
Third line, failure of and/or intolerance to 2 TKis
Anyana of the ramaining TEls, allbSCT mcommeandad in all aligible patiants
Any line, T315] mutation
Ponatinib
HLA type patients and siblings; saarch for an unralated slem call danor, considear
allosCT

In first ling, tha choica is among 3 TKls that are currently approved and availabla,
but ara not always rmimbursabla, worldwida. Tha approved dosas are 400 mg onca
daily forimatinib, 300 myg twica daily for nilatinib, and 100 mg once daily for dasatinib.
Highar dosas of all 3 drugs were tested, and a supenonty of a highar dose was
reported only in 1 study of imatinib.* There are no racognized and solid critaria
that can be mcommeandad for making the choica. Provisional clinical crtera can
ba the characterstics of the disease (high rsk, CCA/Ph+) on ona hand, and tha
ralationship batwaan tha patiant ( comorbiditias) and the salety profile of tha drugs on
tha ather hand. In second lina, a change of drug is prafarmed to an increase of
imatinib dosa >***" Tao make the switch from ona TKI fo another, thara are things
that must always be taken inlo account: the preseance and type of a mutation
(sea Table 4), the side effeck and the taxicity of the previous TKl, and diffarant
comorbidiies that can ba of concem with differant TKls. The définition of intolaranca
may somatimas be objaclive and based on evidanca, bul someatimeas is subjactive
and opan to criticism. Expariance and common sanse suggest that a patient who is
iniolarant to 1 TKI can easily respond to othar TKls, whareas a patiant in whom 1 TK]
has failed, and who is intolarant to anothar TKI, is al considarable fsk of subsequant
traatmant failure. Recommandatons for allkSCT are based on the results from
HLA-idantical siblings or HLA-matched unralated donors, myeloablalive and RIC,
T-call rmplaeta or T-call daplaled. Thay do not include cord blood or haplalype-
maiched donors, or exparmental conditioning regimans. The EBMT risk scoe™ is
slill of valua, although insufficient numbears of patients have bean transplantad in
racant yaars and after TK] therapy to allow a robust reanalysis.

Baccarani et al. Blood. 2013;122(6):872-884)



Box 2 | Concise recommendations for first and subsequent lines of treatment in CML

Frontline treatment

* No selective approach is recommended because overall survival rates are similar for patients with chronic-phase CML
independent of the tyrosine kinase inhibitor (TKI) used in the first line'®

* Early molecular response (EMR) failure rate is higher with imatinib than with second-generation TKls**: after EMR
failure, either event-free survival (EF5) and overall survival rates are significantly worse compared with patients
achieving an EMR

* Patients failing EMR have a significantly lower probability of reaching a deep molecular response™-™

* Imatinib has a more favourable safety profile than nilotinib and dasatinib; thus, accurate risk—benefit assessment
is essential®

= Second-generation TKls might be preferable as frontline treatment in patients with a high risk of progression to
advanced phase, and when treatment-free remission is the selected end point™

= Patients with newly diagnosed., accelerated-phase CML should be treated similarly to patients with chronic-phase
high-risk CML whereas patients with newly-diagnosed. blast-phase CML should be treated with TKls and/or
chemotherapy followed by allogeneic stem-cell transplantation'

Second and following lines

* Intolerance and resistance to frontline imatinib encompasses a heterogeneous array of conditions with different PF5
and overall survival outcomes. Failure and intolerance to frontline second-generation TKls are also troublesome
conditions, for which less evidence is available

= The timely implementation (by strict adherence to guidelines) of second-line treatments is pivotal for treatment
success!t™

* In patients who have not respended to imatinib therapy. and in the absence of safety concerns or BCR-ABL1 mutations,
second-generation TKls lead to favourable long-term resules" ™ 1611#

* Indirect evidence favours the efficacy of ponatinib over other TKls; ponatinib should be the first option in situations of
lack of sensitivity to previous second-generation TKl treatment. In addition, ponatinib is the treatment of choice in
patients harbouring the T315] mutation in BCR-ABL 1 [REF. 32)

* Allogeneic stem-cell transplantation should be considered for patients who do not respond to treatment with two or
more TKls, and for patients with accelerated-phase disease who progress despite TKI treatment™®

= The risk—benefit balance is a mainstay of the treatment decision, with cardiovascular safety being a priority. The
availability of five different TKls drugs with well-known safety profiles should help overcome the issue of intolerance to
previous TKls™

Rosti et al. Nature Reviews Clinical Oncology 2017



Chronic phase CML

High risk*

Low®* or Intermediate risk®**

* According to Sokal, Hasford or Eutos scores
** according to Sokal or Hasford scores

Non-optimal response

Long life expectancy | Short life expectancy
F |
-
2" generation TKI Imatinib or 2" generation TKI
3 months milestone 3 months milestone
[ | |
Optimal response Non-optimal response
g
| N\ / |

Mutation analysis,
switch to another 27
generation TK|

Co-morbidities
have a rale in the choice of TK

hOCT-1 expression levels:
High = use imatinib
Low

use 2™ generation or high dose imatinib

Continue the same If on imatinib:

mutation analysis,
switch to 2™
generation TKI

If T315I: consider
ponatinib & look for
donor

If on 2™ generation TKI:
mutation analysis,
switch to another 2™
generation TKI

If T315I: consider
ponatinib & look for
donor

Discontinuation of treatment should be considered:
* Specific patient characteristics

* “Operational cure”

* Under clinical trial only

Raanani Cancer Letters 2014:352:21




Imatinib Dasatinib Nilotinib Bosutinib Ponatinib

Allgrades Grade 3/4  Allgrades Grade3/4 Allgrades Grade3/4  Allgrades Grade3/4  Allgrades Grade 3/4
Fatigue 4t - i+ - e - MR ME 4 --
Rash bt .- e+ - R e - it .- 4t .-
Headache 4 - FIrar - L - FIrar ++ i+ ++
Myalgia and arthralgia et - +H++ - MR MR ++ - ++++ -
Bone pain 4 -- MR ME MR ME ++ - MR ME
Diarrhoea 4+ ++ 4+ + +E + 4 54+ NR MR
Mausea s+t - i - 4+ - i .- ittt -
Womiting EEES - 4+ - ++ - e .- NR ME
Abdominal pain + = MR MR MR MR FE4+ +H +H4+ H+
Pancreatitis - - MR MR ++ . MR ME +++ s+
Bleeding events (G, CNS) = - 4+ . ++ - MR MR MR MR
Oedema =t -- e -- +++ - +++ -- MR MR
Fleural effusion . - 4+ . ++ - MR ME MR ME
FAH ME ME + - MR ME MR ME MR ME
QT prolongation - ME ++ ME ++ ME MR MR MR MR
Hypertension ME ME MR ME MR ME MR ME +++ .
FAOD - - MR ME ++ -- MR ME +Hbr 4t
Elevated lipase s+t =+ MG - +H++ =+ +H++ =+ ++++ s+t
Elevated &1T 4t -- NG - B =+ e <=t 4 --
Low phosphate FEHHE FH+ NG i+ F i+ 4 +H MR MR
Raised g|LH:DSE - - - - TIEE ++ - - MR MR
Anaemia R s e+ - s+t b . - =+ +++ e+
Meutropenia R s R R R e+ et R R 4t R
Thrumho-cytnpenia +++++ ++++ +++++ ++++ ++++ +++ ++++ 54 +4++ ++++ ++++
Abn platelet tunction st ME e ME - - - ME TR MR
LGL expansion MR MR R ME MR MR MR ME MR MR

Data derived from studies of first line usewith the weption of ponatinib (so far used only as second or subsequent line) and rare events such as PAH, PAOD, and abnormal
platelet function P77eRBeEE 12w 1% of patients. ++=1-5%. +++=5-10%. ++++=10-50%. +++++=50-100% =specifically reported as absent. MR=not reported.
Gl=gastrointestinal. PAH=pulmonary arterial by pertension. NE=effect of side-effect not known. PAQOD=peripheral arterial occlusive disease. MG=data not given. ALT=alanine
transaminase. Abn=abnormal. LGL=large granular lymphooytes.

Table 4: Most frequently reported side-effects of tyrosine-kinase inhibitors

Apperley JF. Lancet 2015; 385: 1447-59



Risposta ematologica, citogenetica e molecolare

Risposta ematologica completa: Risposta citogenetica metafasi Ph+

*WBC <10 x 10"9/L (almeno 20)

*Piastrine < 450 x 10"9/L Minore 35-90 %

*Conta differenziale normale -

Milza non palpabile Parziale 1-34 %
Completa 0%

Risposta molecolare:

» Early molecular response (EMR): BCR-ABL1 £10% at 3 months

* Major molecular response (MMR): BCR-ABL1 <0.1% and, at least, 10,000 copies of ABL1 transcript
* Deep molecular response: detectable disease with BCR—-ABL1 <0.01%, or undetectable disease
with 10,000-31,999 ABL1 transcript copies (MR4); or by detectable disease with BCR-ABL1
<0.0032%, or undetectable disease with at least 32,000 ABL1 transcript copies (MR4.5)

Monitoraqgio

Ematologico: ogni 2 settimane fino allarisposta completa, poi ogni 3 mesi

Citogenetico: ogni 6 mesi fino alla risposta citogenetica completa, poi ogni 12 mesi
Molecolare: ogni 3 mesi; analisi mutazionale in caso di non risposta o risposta subottimale o
aumento del trascritto
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Soverini et al. The Oncologist 2016



Dptimal Warning Failure
Basaling MA High nsk MA
O
CCA/Ph+, major
routa
3 ma BCR-ABLY =10 BCR-ABL1 =10% Mon-CHR
andfar andfar and'ar
Ph+ ==35% Ph+ 36-85% Ph+ =85%
6 mao BCR-ABL1 <1% BCR-ABL1 1-10% BCR-ABLT =10%
andfor andfr andfar
Ph+ O Ph+ 1-35% Ph+ =>=35%
12 mo BCR-ABL1 ==0.1% BCR-ABL1 =0.1-1% BCR-ABLT =1%
andfar
Ph+ =0
Than, and BCR-ABL1 ==0.1% CCA/Ph- (=7, or Tg=) Loss of CHR
at any ima Loss of CCyR
Canfirmad lass of
MMR*
Mulations
CCAPh+

Definition of the response to TKiIs as first-line treatment

The dafinitions ara tha zamea for pafients in CP, AP, and BP and apply also 1o
second-ine treatmant, when firstline treatmeant was changed for intoleranca. Tha
ragponsa can be assassad with aithara molacular or a cyloganatic est, but bath ara
racommandad whanevar passibla. Culoff values have bean used to define tha
boundaries batwean opimal and warning, and betwean waming and failures.
Bacausa culoff valuas ame subjaded o fluduatons, in case of cyloganatic or molacular
data close to the indicated values, a rapsatition of the tesls is recommandad. After 12
months, if an MMR is achieved, the msponsa can be assessad by mal quantitative
polymarasa chain reaction (RO-PCR) evary 3 to & months, and cytoganatics is
raquirad only in case of failura or if standardized molecular tasting is nol availabla.
Mote that MMR (MR*? or batter) is optimal for survival but that a deeper response
is likaly 1o ba raquired for a succassful discontinuation of traatmant.

MA, nat appiicable; MMR, BCR-ABL1 =0.1% = MR or betler, CCAPh+,
clonal chromosoma abnomalities in Ph+ cells; CCAPh-, clonal chromasome
abnomalities in Ph= calls.

*In 2 consecutive lasks, of which one with a BCR-ABL1 transcrpts leval =1%.

Baccarani et al. Blood. 2013;122(6):872-884



Survival with CML in five consecutive randomized studies of
the German CML Study Group since 1983; update 2016.

1.0 -
- n = 3682
g (CML IV)
0.9 S5 ——— Imatinib, 2002 - 2012 (CML IV)
\.' S5-year survival 90%
0.8 \ 10-year survival 83%
> M
— (CML II1A)
= 071 \ IFN or SCT, 1997 — 2004
P CML IIIA) 5-year survival 71%
( y
m H o
0D 06 s, L0-Year survival 61%
9 (CML 1)
Q o051 — | IFN or SCT, 1995 — 2001 (CML 1)
[0} \ i . 5-year survival 63%
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>
5 - IFN, + HU, 1986 — 1994
(7 0.3 | (CML L, 1) 5-year survival 53%
10-year survival 27%
0.2 1 N
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Riidiger HehImann.Haematologica. 2016;101:657-9



Relative and overall survival of 2290 CML patients from the
European Treatment and Outcome Study (EUTOS) for CML
treated with imatinib

1.0

"""""""

0.9
n=2.290 Patients
0.8
""" Relative survival, 8 —year probability: 96%, 95% Cl: 93—97%
0.7
=
'E 0.6 — Observed survival, 8—year probability: 89%, 95% CI. 87—90%
£
S 05 _ _
= Median Observation 6.3 years
S 04
& Overall survival at 5 and 8 years:

99 92% (95%-Cl: 91-93%) and 89% (95%-Cl: 87-90%), respectively

e Relative survival at 5 and 8 years:

0.1 96%, 95%-Cls: 95-97% and 93-97%

0.0

0 1 2 3 < 5 6 7 8 9 10

Years after start of imatinib

Riidiger HehImann.Haematologica. 2016;101:657-9



Event-free survival by level of cytogenetic response at 6
months after the initiation of imatinib treatment.

% Without Event
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Hochhau et al. Leukemia (2009) 23, 1054-1061;
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In vitro sensitivity of unmutated BCR-ABL1 and of some more frequent BCR-ABL1 kinase domain

mutants to imatinib, nilotinib, dasatinib, bosutinib, and ponatinib

BCR-ABL1 Imatinib IC g range (nM) Milotinib WCgq, range (nM) Dasatinib I1Cgq, rmnge (nk) Bosutinib I1Cg, (nhf) Ponatinib 1Cs, (N}

Unmutated 260678 <10-25 0.8-1.8 41.6 0.5

M 244\ 1600-3100 3834 1.3 147.4 22

L2488y 1866- 10000 40.5-819 9.4 MA A

G250E" 1350 to =20000 48-218 1.8-8.1 17a.2 4.1

O252H T34-3120 1670 34585 aar 22
m'ﬁ AL _u‘"ﬁ i o 44 H‘l o g

I i 253H° = 540 0- 17 700 450-1300 1.3-10 A 6.2 I

E255K" 317412100 118-566 56-13 3084 14

E255V 6111-8853 430-725 5.3-11 2301 36

D276G 1147 353 26 25 T

EZTaK 1872 36.5-75 3 3aT M

VapaL S40-814 237 15.8-18 1086 M

F311L 480-1300 23 1.3 WA i)

T3151° = 6400 to =>20000 6487 to 10000 137 to =1000 1880 11

13158 = e o0 oy T

F317L" B10-7500 Ja.2-9 T4-18 100.7 1.1

F317V 500 350 MA MA 10

M35 T BRO-4000 7.8-38 1.1-1.6 241 1.5

Fasav™ 1400-1825 a1-175 2227 386 10

Varal 1000-1,630 51 0.8 MA A

L:3B4n" 67 4-2800 3841.2 4 185 M

L3BTM 1000-1100 449 2 A T

HassR* 1750-5400 41-55 1.3-3 3arT A

H3gsP B50-4300 4143 0.6-2 18.1 11

F485635 27289100 32887 56 861 M

Plasma drug concentration

Cmiin 2062 = 1334 1823 = 1233 55 1.4 268 (30-1533) G4.3 = 292

Cmax 4402 = 1272 2320 TF2 133 = 7348 382 (BO-1858) 1454 = T2.6

Tha hatt maximal inhibitory concantration (1Csq ) shown hara is univarsally regarded as a maasura of tha dagres of sansitivity of a BCR-ABL 1 mutant to a given TEl and is
axpanmantally datarminad by quanfifying the TKI concantration requirad to réduce by 50%%: viability of a Ba/F3 mousa lymphaoblastoid el line angingarad to axprass that
mutant form of BCR-ABLT. Tha table lists all of the BOR-ABLY mutants forwhich the 1Cg, valuas of al least 2 TKls ara available. Forimatinib, dasatinib, and nilotinib, ranges of
IG5, values ware provided whan differances in IC., valuas raparted by difarant studies were ohserved (reviewad in Baccarani at a). Forbasufini and ponatinib, 1C-, values
coma from a single study aach.®! Plasma drug concantration is also given in nM. Valuas of plasma drug concantration are maan * standard deviation for imatinib (400 mg
once daily), nilotinib (300 mg twice daily), dasatinib (100 mg onca daily), and ponatinib (45 mg once daily), and median (ranga) for bosutinib (500 mg onca daily), #4775

MN&, not availabla.

‘Rapresantative of tha 10 mast fraquant mutations 5852

Baccarani et al. Blood. 2013;122(6):872-884)
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Figure 2: Mechanisms of imatinib resistance
ABCB1=ATP-binding competitor B1. OCT1=organic cation transporter 1. CYP3A4=cytochrome P450 isoenzyme 4A. AGP=alpha-1 acid glycoprotein.

Apperley JL Lancet Oncology 2007, 8, 1018



Optimal Warning Failure
Bassalina A Mo CHR or loss of CHR on MA
imatinib or
lack of CyR to firsi-lina TKI
ar
high risk
3 ma BCRH-ABL1 BCR-ABL1 =10% Mo CHR
=10% andfar ar
andfar Ph+ 65-85% Ph+ =95%
Ph+ < &5% ar
naw mutations
& mao BCR-ABL1 Ph+ 35-465% BCR-ABL1 =108
=10% andior
and/ar Ph+ =65%
Ph+ < 35% and'or
naw mutations
12 mo BCRH-ABL1 BCR-ABLT 1-10%: BCR-ABL1 =10%
<19 andéar andior
andfar Ph+ 1-35% Ph+ =35%
Ph+ 0 andior
naw mutations
Than, and at BCRH-ABL1 CCA/Ph— (=7 ar Tg-) Loss of CHR
ary fma =0.1% ar ar
BCR-ABL1 =0.1% lass of CCyR or
PCyR
Mew mutations
Confirmad loss of
MMR®
CCAPh+

Thase definitions are mainly based on data

raported for nilotinib and

dasafinb 5 4246 60,77 104-109 but can ba usad provisionally also for bosutinib
and ponatinib, until mora data are availabla. Thasa dafiniions Gannal apply to tha
avaluation of the responsa o third-lina treatmant.

MA, not applicabla; MMR, BCR-ABL1 =0.1% = MR3.0 or battar, CCA/Ph +,
clonal chromoszoma abnomalities in Ph+ ealls; CCAPh-, clonal chromosoma
abnomalitias in Ph- calls.

fIn 2 consacutiva tasts, of which ona with a BCR-ABL transcrpts leval =1%.

Definitions of the response to
second-line therapy in case of
failure of imatinib

Baccarani et al. Blood. 2013;122(6):872-884)



CML, accelerated phase criteria Arber DA et al. Blood. 2016; 127(20):2391-2405
Any 1 or more of the following hematologic/cytogenetic criteria or response-to-TKI criteria:

« Persistent or increasing WBC (=10 x 10%L), unresponsive to therapy “Provisional” response-to-TKI criteria

+ Persistent or increasing splenomegaly, unresponsive o therapy + Hematologic resistance to the first TKI (or failure to
achieve a complete hematologic response* to the first
TKI) or

» Persistent thrombocytosis (=1000 X 109:"L}, unresponsive to therapy « Any hematological, cytogenetic, or molecular indications
of resistance to 2 sequential TKls or

s Persistent thrombocytopenia (<100 x 10%L) unrelated to therapy » Occurrence of 2 or more mutations in BCR-ABLT during
TKI therapy

» 20% or more basophils in the PB

» 10%-19% blastst in the PB and/or BM

 Additional clonal chromosomal abnormalities in Ph™ cells at diagnosis that include
“major route” abnormalities (second Ph, trisomy 8, isochromosome 17q, trisomy
19), complex karyotype, or abnormalities of 3g26.2

= Any new clonal chromosomal abnormality in Ph™ cells that occurs during therapy

Large clusters or sheets of small, abnormal megakaryocytes, associated with marked reticulin or collagen fibrosis in biopsy specimens may be considered as presumptive
evidence of AP, although these findings are usually associated with 1 or more of the criteria listed above.

*Complete hematologic response: WBC, <10 x 10%L; platelet count, <450 x 10%L, no immature granulocytes in the differential, and spleen nonpalpable.

1The finding of bona fide lymphoblasts in the blood or marrow, even if <<10%, should prompt concern that lymphoblastic transformation may be imminent and warrants
further clinical and genetic investigation; 20% or more blasts in blood or BM, or an infiltrative proliferation of blasts in an extramedullary site is CML, blast phase.




Criteria for blast phases of CML

WHO criteria® Evropean Levkaemia Net

criteria®

Accelerated phase

Blasts in peripheral blood or 10-19% 15-29% or blasts plus

bone marrow promyelocytes in peripheral
blood or bone marrow =30%
with blasts <30%

Basophils in peripheral blood =20% =20%

Platelets <100« 10%L not attributable <100« 10%/L not attributable

Additional chromosomal abnormalities

White cell count and spleen size

Blast crisis

Blasts in peripheral blood or
bone marrow

Blast proliferation
Large foci of blasts

to treatrmnent, or platelets
=1000 = 10%L uncontrolled
on treatment

Ccourring on treatrment

Increasing and uncontrolled
on treatment

=20%

Extramedullary, except spleen

Bone marrow or spleen

to treatment

Ocourning on treatment

=30%

Extrarmedullary, eocept spleen

Table 1: Definitions of accelerated phase and blast crisis according to present dassification systems

Apperley JF. Lancet 2015; 385: 1447-59




Treatment strategy recommendations for CML in AP or BP

AP and BP in nawly
diagnosad, TKl-naive
patiants

AP and BP as a progression
from CP in TElpratraatad
patiants

Imatinib 400 mg twice daily

ar

dasatinib 70 mg twice daily

ar

140 mg once daily

Stem cell donor saarch.

Then, alloSCT is recommendad for all BP
patiants and for tha AP patiants who do not
achieve an optimal response.

Chamatharapy may be required befora alloSCT,
to control the disaase.

Anyona of tha TEls that wara not usad beafora
progression (ponatinib in case of T315]
miutation), than alloSCT in all patants.

Chamatharapy is fréquantly requirad o maks
patiants aligible for allo5CT.

In treatment-naive patents, AP is balieved 1o ba closa to high-risk CP, so that
TEls hava prority. In patisnt who prograss 1o AP or BP during TE theapy, tha
responsa to any subsaquant trastmeant is poorar, andless durabla, 5o that alle5CT is
recommeandad for all patients who are aligible for the procadura. Howevar, in thasa
patiants, not only TKls but also cytoloxic chamotharapy may ba necassary 1o reinsan
soma dagraa of ramission o parmit allaSCT. In case of uncontrallad, rasistant BP,
allaSCT is not rmcommandad. All recommeandations for allo5CT imply that the patiant
i aligibla for thal procadura. Maba that nilolinib was tested, bul not approved, for the

traatmant of BP 118,121, 122

Baccarani et al. Blood. 2013;122(6):872-884)



Indication for allo-SCT in CML

TKl and chemotherapy

HLA typing and donor Immediate allo-SCT

CML phase Clinical situation management search referral
CP First failure of imatinib, high risk Second-ine T Yes Mo
First failure of nilotinib or dasatinib Second-ine THKI Yes Yes
Failure to 2 TKls Third-line TKI Yes Yes
T315] mutation Ponatinib or omacetaxine Yes Yes
AP TKI naive TKl = chemotherapy Yies (e
TKI naive, without optimal response Seconddine TKl = chemotherapy Yes Yes
TEI pretreated Seconddine TKl = chemotherapy Yes Yes
BP TKI| naive or pretreated Induction chemotherapy, TKI Yes Yes
Barrett Blood. 2015;125(21):3230-3235)
A
CP B
AP
100 100
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Score®

Age (years)

<20

20-40

=40

Disease phase

Chronic phase

Acceleration, second of subsequent chronic phase
Blast crisis

Stem cell source

HLA-matched sibling

Volunteer unrelated donor or mismatched family member
Donor-recipient sex combinations

Male to male

Male to female

Female to fermnale

Female to male

Time from diagnosis to transplant

<12 months

=12 months

=T = T =

Taken from Gratwoh!/Evropean Group for Blood and Marrow Transplantation

score.¥ *Total score will be in the Ange 0-7.

Table 3: Factors affecting transplant outcome in chronic myeloid leukaemia

Apperley JF. Lancet 2015; 385: 1447-59



Shifting market composition for CML agents 2010-2020
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Nature Reviews | Drug Discovery

Data are for the major pharmaceutical markets (US, France, Germany, Italy, Spain, UK and Japan). The established long-term safety and
efficacy of imatinib (Gleevec; Novartis) will make it difficult for dasatinib (Sprycel; Bristol-Myers Squibb) and nilotinib (Tasignha; Novartis) to
increase their penetration of the first-line treatment setting. Both agents will also experience competition from novel agents pushing in to
the second-line territory they now occupy. Novel agents and T315I-targeted therapies will grow important market niches. Source: Wilson
HTM Research.

Shane Storey Nature Reviews Drug Discovery 8, 447-448 (June 2009)
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Molecular genetic abnormalities in myeloid/lymphoid
neoplasms associated with eosinophilia

Table 10. Molecular genetic abnormalities in myeloid/lymphoid neoplasms associated with eosinophilia

Disease Presentation

Genetics

Treatment

PDGFRA Eosinophilia
1Serum tryptase
TMarrow mast cells

PDGFRB Eosinophilia

Monocytosis mimicking CMML
FGFR1 Eosinophilia

Often presents with T-ALL or AML
PCM1-JAKZ2 Eosinophilia

Rarely presents with T-LBL or B-ALL
Bone marrow shows left-shifted erythroid
predominance and lymphoid aggregates

Cryptic deletion at 4q12
FIP1L1-PDGFRA, at least 66 other partners

#(5;12)(q32;p13.2) ETV6-PDGFRB, at least 25
other partners

Translocations of 8p11.2

FGFR1-various partners

1(8;9)(p22;p24.1) PCM1-JAK2

Respond to TKI

Respond to TKI

Poor prognosis; do not respond to TKI

May respond to JAK2 inhibitors

1, Increased.

Arber DA et al. Blood. 2016; 127(20):2391-2405



Classification and molecular pathogenesis of the MPD

/‘ ~ \\. // 2 \
/ 4
I (/) ; q . Q "
\\ N ,// \ /
HSC Myclond

Drogenltor

Pok <, O
°

J°°°°

Mast
cell

Red —_—

blood cells

Platelets

Eosinophils =

Neutrophils

h

)
Monocytes /

Levine RL et al. Nat Rev Cancer. 2007;7:673-83

e

MPD

Systemic
mastocytosis

vera

Essential
thrombo-
cythaemia

Chronic
eosinophilic
leukemia

leukaemia
Chronic

leukaemia
Primary

kmyelofibrosis

Polycythaemia

( Chronic myeloid

myelomonocytic

Activating
mutation
KITD8I6V
FIPILI-PDGFRA

JAK2V6I7F
JAK2 Exon 12

JAK2V6I7F
MPLWSISL/K

FIPILI-PDGFRA

BCR-ABL

TEL-PDGFRB
BCR-PDGFRA
TEL-JAK2

other fusion TKs

JAK2V6I7F
MPLWSISL/K

Nature Reviews | Cancer



Tyrosine kinase involved in the pathogenesis of CMPD

BCR ABL1

Cl|:— I]-Z_ - -3
CC  S/Tkinase SH3 SH2 kmase DNA- bmdng actin- bmdmg

ZNF198 FGFR1

- | I
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ETV6 PDGFR
| R e et

PNT TM JM kinase
FIP1L1 PDGFRa

(TSN N )

JM  kinase
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Keersmaecker Leukemia 2006



Role of cytokine receptors in the oncogenic properties of
JAK2V617F and CALR mutants.

A wmpL EPOR  G-CSFR (A) JAK2V617F activates

signaling through the 3 main
homodimeric receptors EPOR,
MPL, and G-CSFR, which are
involved in erythrocytosis,
thrombocytosis, and
neutrophilia, respectively.

(B) The CALR mutants mainly
activate MPL and at a low
level the G-CSFR but not the
EPOR, explaining the
thrombocytosis associated
with these mutants

signal chaperone lower Ca?*
peptide activity buffering
T |

N domain Pdomain |C 88?”;2‘@”1

mutations

ET PV MF ET MF

Vainchenker W. Blood. 2017;129(6):667-679



JAK2 V617F

LIF

Phosphorylated STAT

A
SH2 Kinase domain
. FERM domain o IPseudokmase domamI
NH;— Carboxyl terminus
JH2
V617F mutation
B @_ Q ‘
®° 992,%
Receptors for: ‘.&O @ 8 @ % @
Erythropoietin Receptors for: % %
Thrombopoietin Interferon - - o odP
eceptors
£ G-CSF Interieukins 10, 19, interleukins 2, 4 @0 @
R for: Interleukins 6 and 11 gmn"“"'“ Al 22,28, 73, mui 29 7,9,15,and 21 @ @
Interleukins 3, 5, osM 0 o*’

Angiogenesis
Inflammation

Immune response

Proliferation

Apoptosis

Vannucchi AM. NEJM, 2010;3623:1180



Genes involved in epigenetic regulation and leukemic

transformation.

— MPLS204P/F

MPLS505N
MPLW515A/K/L/R/G/S
MPLY591N/D

TET2 PR-DUB :
- '[(—/ HZA.

The mechanisms by which
the genes involved in the
epigenetic regulation lead
to modifications in gene
regulation are detailed.
Some genes involved in
leukemic transformation
(N-Ras pathway and
transcription factors such
as p53, RUNX1) are also
described. MEK,
MAPK/ERK-kinase; RAF,
rapidly accelerated
fibrosarcoma; SOS, Son of
Sevenless; TF,
transcription factor.

Vainchenker W. Blood. 2017;129(6):667-679



Commonly mutated genes in the
myeloproliferative neoplasms

Frequency (%)

Chromosome  Mutation
Gene location location Py ET PMF
JAKZ Yp24 gxon 14 a7 hO-60  Bb-G0
JAKZ 9p24 exon 12 1-2 rare rare
MPL 1p34 exon 10 rare 3-5 5-10
CALR 19p13 exon 9 rare 20-30 25-35
T TEIZ 4024 Al coaing 10-20 5 10-20
regions
IDHIIDHZ 203315026 exons 4 rare rare b
DNAAT3A 2p23 exons 7-23 510 1-5 510
ASXL1 20g11 exon 13 2-5 2-5 15-30
EZHZ 7035-q36 all coding 1-3 rare 5-10
regions
CBL 1123 exons 8-9 rare rare 5-10
SHZB3 12q24 exon 2 rare rare rare
SF3B1 2433 EXONS rare rare 5-10
12-16
SARSF2 17q25 exon 1 rare rare 10-15
LIZAFT 21022 exons 2-7 rare rare b-156

PV, polyoythemia vera: ET, essential thrombocythemia: PMFE, primary

myelofibrosis

Langabeer et al EJH 2015:95;270-279




2016 Revised WHO Diagnostic Criteria for Myeloproliferative Neoplasms

Arberetal. Blood 2016;127:2391

Polycythemia Essential B Primary
Myelofibrosis

Vera (PV) Thrombocythemia (ET) Myelofibrosis (PMF)

(prefibrotic)
(overt) (prePMF)
Hemoglobin (Hgb) Platelet count2450 x 10%/L Megakaryocyte proliferation and atypia*** | Megakaryocyte proliferation and atypia**
criteria| |>16.5 g/dL (men) and2 grade 2 reticulin/collagenfibrosis | and < grade 1 reticulin/collagenfibrosis,
>16 g/dL (women)
Increasedcellularty, granulocytic
or
Hematocrit proliferatonand decreased erythropoiesis
>49% (men) .
>48% (women) ***megakaryocytes with aberrant
or nuclear/cytoplasmicratio and hyperchromatic

ﬁed cellmass>25% above mean and irregularly folded nucleiand dense clustering

2 [Bone marrow (BM) tri-lineage 2 | BM megakaryocyte proliferation 2| Not meeting WHO critena for Not meeting WHO critena for
myeloproliferationwith
pleomorphic mature
megakaryocytes*

3 |Presenceof JAK2 mutation

with large and mature morphology other myeloidneoplasm other myeloidneoplasm
and hyper-lobulated nuclei. Reticulin
fibrosisgrade should be <1

3 |Not meeting WHO critena for Presenceof JAK2, CALR or MPL mutation |Presenceof JAK2, CALR or MPL mutation

other myeloidneoplasms or or

presence of anotherclonal marker presence of anotherclonal marker

Presenceof JAK2, CALR or MPL

or or

m ion

absenceof evidenceforreactive absenceof evidenceforreactive
bone mamrow fibrosis bone marmow fibrosis

-

i

Anemia nototherwise attnbuted
Leukocytosis 211 x 10%/L

Anemia nototherwiseattnbuted
Leukocytosis 211 x 10%/L
Palpable splenomegaly Palpable splenomegaly

Increasedlactate dehydrogenase Increasedlactatedehydrogenase
(LDH), above uppernomial limit (LDH), above uppernormal limit

5. Leukoerythroblastosis

\% \Z \/ \/

PV’ Clagnosis requines A ree MAOr Crvera of

rnncrg
the first two Major criteria aNa Cne MINGe CrRerion. "
B0 Diopsy m,,.jmu Aot rEQUired 0 >188 gL ET cagnosis requines meetng 34 4 majer criera of PMFGPGWNWWHSN.“VMW PrOPMF Clagnosis requires meeting 3l 3 major Criera ane
nmen of 165 1 women (HetsS55 1 men 3¢ 495 1 women) WS e MAJOr Crideria ang One minge Crierion A 38 0N MINOC CrRerion 2 R3S 0N MINOC CrRerion

Minor 1. Subnormal serum 1. Presenceof aclonal marker

h ietin |
criteria orythtapoin igves or absenceof evidenceforreactive

thrombocytosis

ol

Tefferi & Barbui AJH 2016



Practical algorithm for diagnosis of myeloproliferative neoplasm

} ! }

Polycythemia vera Essential Pnrtr_\:ry .
suspected thrombocythemia myelofibrosis
l suspected suspected
Blood mutation screening Blood mutation screening A
Bone marrow biopsy
¢ l with mutation screening
and cytogenetics
JAK2VB17F+ JAK2VB17F+
1

Q.
If negative \,?Zoo% 1
v ‘\¢>\ if negative

Bone morrow

Diagnosis IOtk Z
JAK2 exon 12+ ey —> (i CALR+ B e
advised to \ examination
L[] confirm - > required to
If negative b diagnosis If negative confirm diognosis

v

and distinguish
v /; ET from prefibrotvc PMF
MPL+

Subnormal
serum erythropoietin L
level If negative v
¢ “Trip|e-negative" Diagnosis considered If bone mamow
morphology is consistent with PMF and
Diagnosis unlikely 1. JAK2, CALR or MPL mutated or_
If JAK2 unmutated and 2. tnsomy 9 or del(13q) present or
serum erythropoietin level 3. Other myeloid malignancies are excluded

normal or increased

Tefferi & Barbui Am. J. Hematol. 92:95-108, 2016.



Policitemia Vera (PV)

« Definizione

— Malattia neoplastica derivata dall’espansione clonale della
cellula staminale trasformata e caratterizzata soprattutto da
Incremento della massa eritrocitaria.

 Epidemiologia
— Incidenza in Europa: 8-10 casi/1,000,000 per anno (2 in
Giappone, 13 in Australia)
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PV: clinica
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2008 WHO DIAGNOSTIC CRITERIA FOR PV

Al

Hgb >18.5 g/dl (men) or >16.5 g/dl (women) or Hgb or Hct > 99th percentile of
reference range for age, sex or altitude of residence or

Hgb >17 g/dl (men), or > 15 g/dl (women) if associated with a sustained
increase of >= 2g/dl from baseline that cannot be attributed to correction of
iron deficiency or

Elevated red cell mass > 25% above mean normal predicted value

A2

Presence of JAK2617V>F or similar mutation

Bl

BM trilineage myeloproliferation

B2

Subnormal serum EPO levels

B3

Endogenous erythroid colony formation in vitro

Al + A2 + 1 minor criterion or A1 and 2 minor criteria

Tefferi A & Vardiman JW, Leukemia 2008; 22: 14.




2016 WHO criteria for PV

WHO PV criteria

Major criteria

1. Hemoglobin =16.5 g/dL in men

Hemoglobin >16.0 g/dL in women

or,

Hematocrit >=49% in men

Hematocrit =48% in women

or,

increased red cell mass (RCM)*

2. BM biopsy showing hypercellularity for age with
trilineage growth (panmyelosis) including
prominent erythroid, granulocytic, and
megakaryocytic proliferation with pleomorphic,
mature megakaryocytes (differences in size)

3. Presence of JAK2V617F or JAKZ exon 12
mutation

Minor criterion
Subnormal serum erythropoietin level

Diagnosis of PV requires meeting either all 3 major criteria, or the first 2 major criteria
and the minor criteriont

*More than 25% above mean normal predicted value.

1Criterion number 2 (BM biopsy) may not be required in cases with sustained
absolute erythrocytosis: hemaoglobin levels >=18.5 g/dL in men (hematocrit, 55.5%) or
=16.5 g/dL in women (hematocrit, 49.5%) if major criterion 3 and the minor criterion
are present. However, initial myelofibrosis (present in up to 20% of patients) can only
be detected by performing a BM biopsy; this finding may predict a more rapid
progression to overt myelofibrosis (post-PV MF).

Arber DA et al. Blood. 2016; 127(20):2391-2405



Familial polycythemia

 High Epo levels

— Low P50: increased affinity of hemoglobin for oxygen
« High-O2-affinity hemoglobin variants
» 2,3-bisphosphoglycerate (2,3-BPG) deficiency
« Methemoglobinemia

— Normal P50: defects in oxygen sensing
« Homozygous Chuvash VHL mutation
« Other VHL mutations

« Low or normal Epo levels

— Epo-R mutations: primary familial and congenital polycythemias



Table II. Germline mutations causing MPN-like disorders.

Gene Disease Inheritance Representative references
Hereditary erythrocytosis
EPOR ECYT1: Primary familial and congenital polycythaemia (PFCP) AD de la Chapelle et al (1993)
VHL ECYT2: von Hippel-Lindau disease AR Ang et al (2002)
Pastore et al (2003)
Percy et al (2003)
Perrotta et al (2006)
EGLNI (PHD2) ECYT3 AD Percy et al (2006)
Percy et al (2007)
EPASI (HIF2u) ECYT4 AD Percy et al (2008)
HEE High oxygen affinity variants AD Rumi et al (2009}
BPGM 2,3 DPG deficiency AR-AD Max-Audit et al (1980)
Hereditary thrombocytosis
THPO THCYTI AD Wiestner et al (1998)
Kondo et al (1998)
Ghilardi and Skoda (1999)
Ghilardi et al (1999)
Liu et al (2008)
MPL THCYT2 (MPL 5505N) AD Ding et al (2004)

MPL Baltimore (MPL K39N)
MPL P106L

Functional SNP*
Functional SNP*

Teofili et al (2007)
Moliterno et al (2004)
El-Harith et al (2009)

AD, autosomal dominant; AR, autosomal recessive; ECYT, familial erythrocytosis; MPN, myeloproliferative neoplasm; SNP, single nucleotide

polymorphism; THCYT, thrombocythaemia.

*Mild thrombocytosis in heterozygous individuals, severe thrombocytosis in homozygous individuals.

Rumi & Cazzola BJH 2017



Secondary polycythemia

Physiologically inappropriate EPO increase
— Tumors:
* renal cell carcinoma,
* Wilms tumor,
* hepatoma,
* uterine fibroma,
» cerebellar hemangioma,
 atrial myxoma
— Benign renal disease:
» polycystic kidney disease,
* hydronephrosis,
» renal artery stenosis (rare)
— Postrenal transplantation erythrocytosis

— Endocrine disorders:
» pheochromocytoma,
« primary aldosteronism,
» Bartter syndrome,
» Cushing syndrome
— Erythropoiesis-stimulating hormones
* Epo, androgens



Secondary polycythemia

Physiologically appropriate EPO increase: response to hypoxia

— Reduced PaO2:
« chronic lung disease,
 pickwickian (obesity-hypoventilation) syndrome,
» sleep apnea,
* high altitude,
« cyanotic heart disease

— Normal PaO2:
« smokers' and CO-induced polycythemia



diagnostic algorithm for secondary erythrocytosis

Secondary polycythemia
algorithm
Congenital < l >
Check serum
erythropoietin
(Epo)

iy Check p50

Hypoxia-driven

*Cardiac or pulmonary disease
*High altitude habitat
*Smoking/CO poisoning
*Sleep apnea/hypoventilation
*Renal artery stenosis

Boaiiied Oxygen-independent
*Drugs (androgens, Erythropoietin)
*Post renal transplant

*Malignant tumors

+Other tumors (hyperparathyroidism)

——»  EPOR mutation

2.

High oxygen-affinity hemoglobinopathy
2,3-BPG deficiency

1.

VHL mutation (Epo usually high)
PHD2/HIF20. mutations (Epo normal or elevated)

Tefferi & Barbui Am. J. Hematol. 92:95-108, 2016.



Algoritmo diagnostico per la PV

Peripheral blood mutation screening for JAKZVEATF

Serum erythropoietin measurement

VEITF (+) VE17F (+) WE1TF () VE17F (-)
& but but &

Epo 1 Epo normal or T Epo } Epo normal or T
......... LA AR A S
PV highly Tkely PV likely PV possibla PV unlikely

i v
EM biopsy
&
JAKZ exon 12
mutation screening
v \ \
¥
BM biopsy BM biopsy If results stifl not Consider secondary
encouraged recommeanded o'W PV, consider polyeythamia including
but not essential for confirmation conganital polycythemia  congenital polycythemia

with EpoR mutation with WVHL mutation

Figure 1 Diagnostic algorithm for suspected polycythemia vera. Key: PV, polycythemia vera; SP, secondary polycythemia; CP, congenital

polycythemia; BM, bone marrow; V617F, JAKIVE1FF; Epo, erythropoieting Epol, enthropoietin receptor; VHL, von Hippel-Lindau;
chw, consistent with,

Tefferi A & Vardiman JW, Leukemia 2008; 22: 14.



Table 1. Risk Factors Associated With Increased Morbidity and Mortality in
Patients With Polycythamia Vera

Risk Factors
For thrombosis
Age = 60 years
Pravious history of thrombosis
Leukocytosis?®-42*

Increased JAKZ V6T 7F allele burdenf43-45+

High-risk gene expressicn profile®®*
For transformation to myelofibrosis or secondary acute myeloid leukamia

Older age®”

Longer disease duration*®

Leukocytosis®!

Exposure to phosphorus-32, pipobroman, or chlorambucil ™42
Risk factor associated with decreasad survival

Older age”

Laukocytosis”

History of venous thrombosis”

Abnormal karyotype”

*Emerging or controversial risk factor.

Stein et al, JCO 2015




Contemporary treatment algorithm in essential thrombocythemia (ET) and
polycythemia vera (PV)
(all patients with polycythemia vera require phlebotomy to a hematocrit target of <45%)

Very low-risk Low-risk
disease disease
*No history of thrombosis *No history of thrombosis
*Age <60 years *Age <60 years
*JAK2-unmutated *JAK2 mutated
Without With
CV risk factors CV risk factors
Without With
CV risk factors CV risk factors
Observation Once-daily
alone aspirin
Once-daily
aspirin
Avoid aspirininthe presence
of extreme thrombocytosis
and acquired von Willebrand
syndrome
Consider
. . twice-daily
CV risk factors: Hypertension, aspirin

hypercolesterolemia, diabetes, smoking,
congestive heart failure

Intermediate-risk High-risk disease
disease
*History of thrombosis
*Age >60 years ‘or
*No history of thrombosis *Age >60 years with JAK2 mutation
*JAK2 unmutated
Arterial Venous
thrombosis thrombosis
history history
at any sge at any age
Hydroxyurea Hydroxyurea Hydroxyurea
- + -
once-daily once-daily systemic
aspirin aspirin anticoagulation
/ * age>60 yearsor *  JAK2-mutated or
*  JAK2-mutated or * CVrisk factors
With * CVriskfactors
CV risk factors
Consider Consider
twice-daily once-daily
iri irin
Cytoreductive therapy P P
might not be essential

Tefferi & Barbui Am. J. Hematol. 92:95-108, 2016.



Treatment of PV

* Low-risk PV patients
— phlebotomy (grade A; Hct < 45%) and low-dose aspirin (grade A)

 Intermediate and high-risk patients
— HU + phlebotomy and aspirin (grade A).

— Alpha-interferon in younger subjects and women of childbearing
age (grade C).

* New treatments:
— JAK2 inhibitors: ruxolitinib



Trombocitemia essenziale TE

« Definizione

— Disordine clonale mieloproliferativo cronico caratterizzato da
trombocitosi (pst > 450.000 ulL) con iperplasia
megacariocitaria nel midollo.

* Incidenza

— 1-2.5 casi 100.000 individui anno



TE: clinica

« Eta: media 50 anni (range 40-70)
 M=F
« Esordio
— Asintomatico
— Manifestazioni trombotiche arteriose e venose (1/3 dei casi)
 Distretti mesenterico, renale, portale, plenico
— Manifestazioni emorragiche cutanee e mucose

« Ematemesi e melena
« S. di von Willebrand acquisita (PIt > 1.000.000 uL)

— Manifestazioni neurologiche

- Cefalea, parestesie, instabilita microcircolo piedi e emani
(eritromelalgia), eritema e dolore urente alle estremita

« Aborti in gravidanza
— Splenomegalia
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2008 WHO diagnostic criteria for ET

Al | Sustained platelet count > 450 x 109/L

A2 | Megakaryocyte proliferation with large and mature morphology.
No or little granulocyte or erythroid proliferation.

A3 | Not meeting WHO criteria for PV, PMF, CML, MDS or other myeloid neoplasm

A4 | Demonstration of JAK2617V>F or other clonal marker, or
no evidence for reactive thrombocytosis||

Diagnosis of ET requires all 4 major criteria

Tefferi A & Vardiman JW, Leukemia 2008; 22: 14.



2016 WHO criteria for ET

WHO ET criteria

Major criteria
1. Platelet count =450 X 10%/L
2. BM biopsy showing proliferation mainly of the megakaryocyte lineage with increased numbers of enlarged, mature megakaryocytes with hyperlobulated nuclei. No
significant increase or left shift in neutrophil granulopoiesis or erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers
3. Not meeting WHO criteria for BCR-ABL1" CML, PV, PMF, myelodysplastic syndromes, or other myeloid neoplasms
4. Presence of JAK2, CALR, or MPL mutation
Minor criterion
Presence of a clonal marker or absence of evidence for reactive thrombocytosis
Diagnosis of ET requires meeting all 4 major criteria or the first 3 major criteria and the minor criterion

Arber DA et al. Blood. 2016; 127(20):2391-2405



Practical algorithm for diagnosis of myeloproliferative neoplasm

} ! }

Polycythemia vera Essential Pnrtr_\:ry .
suspected thrombocythemia myelofibrosis
l suspected suspected
Blood mutation screening Blood mutation screening A
Bone marrow biopsy
¢ l with mutation screening
and cytogenetics
JAK2VB17F+ JAK2VB17F+
1

Q.
If negative \,?Zoo% 1
v ‘\¢>\ if negative

Bone morrow

Diagnosis IOtk Z
JAK2 exon 12+ ey —> (i CALR+ B e
advised to \ examination
L[] confirm - > required to
If negative b diagnosis If negative confirm diognosis

v

and distinguish
v /; ET from prefibrotvc PMF
MPL+

Subnormal
serum erythropoietin L
level If negative v
¢ “Trip|e-negative" Diagnosis considered If bone mamow
morphology is consistent with PMF and
Diagnosis unlikely 1. JAK2, CALR or MPL mutated or_
If JAK2 unmutated and 2. tnsomy 9 or del(13q) present or
serum erythropoietin level 3. Other myeloid malignancies are excluded

normal or increased

Tefferi & Barbui Am. J. Hematol. 92:95-108, 2016.



approach to the differential diagnosis of thrombocytosis.

PLT count > 450 x10%/L

CBC count
Examination of peripheral blood smear
CRHP & body iron status
BCR-ABL 1 rearrangement
JAKZ/CALR/MPL mutation status

Iron deficiency and/or
inflammatory state

Reactive thrombocytosis
(to be re-evaluated
following treatment of the
underlying disorder)

Presence of JAKZ (VB17F),
or a CALA exon 9 indel, or
an MPL exon 10 mutation

Diagnosis of essential thrombocythemia
is probable but bone marrow biopsy
(H&E or Giemsa, Gomori, and Perls

staining) is required to confirm it,
excluding other myeloid neoplasms
(e.q., polycythemia vera, primary
myelofibrosis, myelodysplastic
syndromes, or the myelodysplastic/
myeloproliferative neoplasm with ring
sideroblasts and thrombocytosis)

Rumi & Cazzola Blood 2016

Absence of JAKZ (VB1TF),
CALR exon 9 indels, and
MPL exon 10 mutations

These patients have no evidence of
reactive thrombocytosis and are triple
negative, that is, negative for canonical
mutations in the 3 driver genes. They
include: (i) cases of essential
thrombocythemia associated with
noncanonical somatic mutations of
MPL (outside exon 10); (i) subjects
with hereditary thrombocytosis
attributable to germline mutations of
JAK2, MPL or THPQ; (iii) individuals
with nonclonal disorders




Familial thrombocytosis

« Familial thrombocytosis (rare)

— High Tpo levels:

« Tpo gene mutations
— Activating mutation of c-Mpl (Tpo-R)
— Others



Secondary thrombocytosis

« Secondary thrombocytosis

— Transient processes
« Acute blood loss
* Recovery ("rebound") from thrombocytopenia
 Acute infection or inflammation
« Response to exercise
* Drug reactions

— Sustained processes

* |ron deficiency
Hemolytic anemia
Asplenic state (eg, after splenectomy)
Chronic inflammatory or infectious diseases
Cancer



Contemporary treatment algorithm in essential thrombocythemia (ET) and
polycythemia vera (PV)
(all patients with polycythemia vera require phlebotomy to a hematocrit target of <45%)

Very low-risk Low-risk
disease disease
*No history of thrombosis *No history of thrombosis
*Age <60 years *Age <60 years
*JAK2-unmutated *JAK2 mutated
Without With
CV risk factors CV risk factors
Without With
CV risk factors CV risk factors
Observation Once-daily
alone aspirin
Once-daily
aspirin
Avoid aspirininthe presence
of extreme thrombocytosis
and acquired von Willebrand
syndrome
Consider
. . twice-daily
CV risk factors: Hypertension, aspirin

hypercolesterolemia, diabetes, smoking,
congestive heart failure

Intermediate-risk High-risk disease
disease
*History of thrombosis
*Age >60 years ‘or
*No history of thrombosis *Age >60 years with JAK2 mutation
*JAK2 unmutated
Arterial Venous
thrombosis thrombosis
history history
at any sge at any age
Hydroxyurea Hydroxyurea Hydroxyurea
- + -
once-daily once-daily systemic
aspirin aspirin anticoagulation
/ * age>60 yearsor *  JAK2-mutated or
*  JAK2-mutated or * CVrisk factors
With * CVriskfactors
CV risk factors
Consider Consider
twice-daily once-daily
iri irin
Cytoreductive therapy P P
might not be essential

Tefferi & Barbui Am. J. Hematol. 92:95-108, 2016.



Risk-stratified approach to the management of ET

Manage reversible risk factors for vascular disease (smoking, diabetes,
hypercholesterolaemia, etc.)

Low-dose ASA, except in pts with history of haemorrhage or acquired von
Willebrand's disease.

Stratify treatment according to thrombotic risk:
i. High-risk pts
I HU and low-dose ASA

ii. Intermediate-risk pts
I low-dose ASA + HU
iii. Low-risk patients
I low-dose ASA

For patients refractory to or intolerant of HU; non-leukaemogenic treatment
(IFN-a or anagrelide).
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Idiopathic myelofibrosis




definition

« Chronic myeloproliferative disorder characterised by:
— Anemia
— Splenomegaly

— Immature granulocytes, erythroblasts, teardrop-shaped red
cells and an increase in CD34+ cells in the blood

— Marrow fibrosis
— QOsteosclerosis

— Fibrohematopoietic tumors that can occur in virtually any
tissue



epidemiology

Incidence in western countries
— 0.4-0.7 new cases per 100.000 person/year

Median age at presentation 65 years
— 22% of patients are aged 55 years or less

Secondary complication of polycythemia vera and essential
thrombocythemia (rate 10-20% after 15-20 years of follow-up)

10-20% of patients have leukemic transformation in the first
10 years



ldiopathic myelofibrosis

P
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Role of JAK2 signaling in the pathogenesis of splenomegaly, clinical
manifestations, and constitutional symptoms in myelofibrosis.
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2008 WHO diagnostic criteria for primary MF

Al | Megakaryocyte proliferation and atypia* accompanied by either reticulin and/or collagen fibrosis, or

In the absence of reticulin fibrosis, the megakaryocyte changes must be accompanied by increased
marrow cellularity, granulocytic proliferation and often decreased erythropoiesis (i.e. pre-fibrotic
PMF).

A2 | Not meeting WHO criteria for PV, CML, MDS, or other myeloid neoplasm

A3 Demonstration of JAK2617V>F or other clonal marker, no evidence ofreactive marrow fibrosis

B1 | Leukoerythroblastosis

B2 | Increasein serum lactate dehydrogenase level

B3 Anemia

B4 | Palpable splenomegaly

Diagnosis of PMF requires meeting all 3 major criteria and 2 minor criteria

Tefferi A & Vardiman JW, Leukemia 2008; 22: 14.



2016 WHO criteria for prePMF

WHO prePMF criteria

Major criteria
1. Megakaryocytic proliferation and atypia, without reticulin fibrosis >=grade 1*, accompanied by increased age-adjusted BM cellularity, granulocytic proliferation, and often
decreased erythropoiesis
2. Not meeting the WHO criteria for BCR-ABL1" CML, PV, ET, myelodysplastic syndromes, or other myeloid neoplasms
3. Presence of JAK2, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal marker,T or absence of minor reactive BM reticulin fibrosist
Minor criteria
Presence of at least 1 of the following, confirmed in 2 consecutive determinations:
a. Anemia not attributed to a comorbid condition
b. Leukocytosis =11 x 10%/L
c. Palpable splenomegaly
d. LDH increased to above upper normal limit of institutional reference range
Diagnosis of prePMF requires meeting all 3 major criteria, and at least 1 minor criterion

*See Table 8.
tIn the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg, ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1)

are of help in determining the clonal nature of the disease.
FMinor (grade 1) reticulin fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm,

metastatic malignancy, or toxic (chronic) myelopathies.

Arber DA et al. Blood. 2016; 127(20):2391-2405



Grading of myelofibrosis

Myelofibrosis grading

MF-0 Scattered linear reticulin with no intersections
(crossovers) corresponding to normal BM

MF-1 Loose network of reticulin with many intersections,
especially in perivascular areas

MF-2 Diffuse and dense increase in reticulin with
extensive intersections, occasionally with focal
bundles of thick fibers mostly consistent with
collagen, and/or focal osteosclerosis®

MF-3 Diffuse and dense increase in reticulin with
extensive intersections and coarse bundles of
thick fibers consistent with collagen, usually
associated with osteosclerosis”

Semiquantitative grading of BM fibrosis (MF) with minor modifications concern-
ing collagen and osteosclerosis. Fiber density should be assessed only in hemato-
poietic areas.

*In grades MF-2 or MF-3 an additional trichrome stain is recommended.

Arber DA et al. Blood. 2016; 127(20):2391-2405



2016 WHO criteria for overt PMF

WHO overt PMF criteria

Maijor criteria
1. Presence of megakaryocytic proliferation and atypia, accompanied by either reticulin and/or collagen fibrosis grades 2 or 3*
2. Not meeting WHO criteria for ET, PV, BCR-ABL1" CML, myelodysplastic syndromes, or other myeloid neoplasms
3. Presence of JAK2, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal marker,t or absence of reactive myelofibrosist
Minor criteria
Presence of at least 1 of the following, confirmed in 2 consecutive determinations:
a. Anemia not attributed to a comorbid condition
b. Leukocytosis =11 x 10%L
c. Palpable splenomegaly
d. LDH increased to above upper normal limit of institutional reference range
e. Leukoerythroblastosis
Diagnosis of overt PMF requires meeting all 3 major criteria, and at least 1 minor criterion

*See Table 8.

1In the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg, ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1)
are of help in determining the clonal nature of the disease.

IBM fibrosis secondary to infection, autoimmune disorder, or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm, metastatic
malignancy, or toxic (chronic) myelopathies.

Arber DA et al. Blood. 2016; 127(20):2391-2405



TABLE II. International Working Group for Myeloproliferative Neoplasms Research and Treatment (IWG-MRT) Recommended Criteria for Post-Polycythemia
Vera and Post-Essential Thrombocythemia Myelofibrosis [9]

Criteria for post-polycythemia vera myelofibrosis

Required criteria:

1 Documentation of a previous diagnosis of polycythemia vera as defined by the WHO criteria (see Table I1)
2 Bone marrow fibrosis grade 2-3 (on 0-3 scale) or grade 3-4 (on 0-4 scale) (see footnote for details)
Additional criteria (two are required):

1 Anemia or sustained loss of requirement for phlebotomy in the absence of cytoreductive therapy

2 A leukoerythroblastic peripheral blood picture

3 Increasing splenomegaly defined as either an increase in palpable splenomegaly of > 5 cm (distance of the tip of the spleen from the
left costal margin) or the appearance of a newly palpable splenomegaly

4 Development of > 1 of three constitutional symptoms: >10% weight loss in 6 months, night sweats, unexplained fever (>37.5°C)

Criteria for post-essential thrombocythemia myelofibrosis

Required criteria:

1 Documentation of a previous diagnosis of essential thrombocythemia as defined by the WHO criteria (see Table II)
2 Bone marrow fibrosis grade 2-3 (on 0-3 scale) or grade 3-4 (on 0-4 scale) (see footnote for details)

Additional criteria (two are required):

1 Anemia and a2 g/dL decrease from baseline hemoglobin level

2 A leukoerythroblastic peripheral blood picture
3 Increasing splenomegaly defined as either an increase in palpable splenomegaly of =5 cm (distance of the tip of the spleen from the left
costal margin) or the appearance of a newly palpable splenomegaly
4 Increased lactate dehydrogenase
\5 Development of > 1 of three constitutional symptoms: >10% weight loss in 6 months, night sweats, unexplained fever (>37.5°C) /

Grade 2-3 according to the European classification: [94] diffuse, often coarse fiber network with no evidence of collagenization (negative trichrome stain) or
diffuse, coarse fiber network with areas of collagenization (positive trichrome stain). Grade 3-4 according to the standard classification: [95] diffuse and
dense increase in reticulin with extensive intersections, occasionally with only focal bundles of collagen and/or focal osteosclerosis or diffuse and dense
increase in reticulin with extensive intersections with coarse bundles of collagen, often associated with significant osteosclerosis.



presentation

* Heterogeneous presentation
— Asymptomatic patients
— Symptomatic patients
« Splenomegaly

* Anemia
 Constitutional symptoms



MPN symptoms by subtype.

ET (n=874) PV (n=729) MF (n=486 Total (n=2089
Incidence Incidence Mean Incidence Incidence

Symptom Mean (SD) (Ye)* Mean (SD) (%e)" (SD) (%0)* Mean (SD) {%0)"
Worst fatigue (one-item
BFI1)

3.9(2.9) B84 4.2 (2.9) a5 4.9 (2.8) a4 4.3(2.9) a7
Early satiety 2.1(2.6) 5B 24 (2.7) &0 3.2 (3.0) 74 2.4 (2.8) 61
Abdominal discomfort 1.8 (2.3) 48 1.6 (2.3) 48 2.6 (2.8) B5 1.8 (2.5) h2
Inactivity 1.9 (2.5) H4d 24 (2.8) B0 3.3(3.0) i 24(2.7) 61
Concentration 2.2(2.7) 58 2.6 (2.8) 62 2.8(2.9) B8 2.5(2.8) G2
Night sweats 1.9 ((2.7) 47 2.1 (2.8) 52 2.9(3.2) B3 2.2(2.9) 53
Itehing 1.7 (2.8) 48 2.7 (3.1) B2 2.1(2.9) ha 2.1(2.9) h3
Bone pain 1.7 (2.6) 45 2.0(2.8) 48 2.2 (2.9) 3 1.9(2.7) 45
Fever 0.4 (1.2) 17 0.4 (1.2) 19 0.6 (1.6) 24 0.5 (1.3) 19
Weight loss 0.9 (2.0) 28 1.2 (2.2) 313 2.2 (3.1) 47 1.3(2.4) 34
MPM - 10 18.3 (15.4) -—- 21.6 (16.7) - 26.6 (18.0) --- 21.4 (16.8) ---

ET, essential thrombocythemia; MF, myelofibrosis; PV, polycythemia vera

Geyer Blood. 2014;124(24):3529-3537)



Prevalence of Symptoms (%)

MPN symptom severity (A) and prevalence (B) by subtype.

100’6 1.0n

« ET (N=874) & ET(N=874)
PV (N=729) & PV (N=729)
80% - « MF (N=486) N

& MPN Total (N=2089)

« MPN Total (N=2089)
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Bone pain
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Inactivity
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MPN complication rates, prognosis and risk scoring
algorithms

ET PV PMF
hrombotic events 10%~29%= 34%~30%" 7.2-13 2%

Bleeding events 0.3%% 255 -

Leukemic transformation 2% at 15 y=™° 5.5%at15y"" B6o%~18%""
verall sundival 147 y™ B.5-24 y™=™ B=10 y*&75™

Risk algorithms PSET Tefteri criteria- DiPss PLUS.
Age =60 (2 pts) vs <60 =67 (5 pts) 57-66 (2 pts) =65 (1 pt) vs <B5
Leukocytes =11 (1 pt) vs <11 = 10%L =15 (1 pt) vs <15 x 10%/L =25 (1 pt) vs =25 = 10%L

Prior vascular events
Anemia

Constitutional symptoms
Peripheral blood blasts
Unfavorable karyotype

RBC transfusion requirement
Platelet count < 100 000 = 10%L

High risk
Intermediate 2 risk
Intermediate 1 risk
Low risk

Yes (1 pt)vsno

3-4 points
N/A
1-2 points
0

Yes (1 pt) vs no

4 points
3 points
1-2 points
0 points

<10 (2 pts) vs =10g/dL
Present* (1 pt) v= absent
=1% (1 pt)vs <1%

Present (1 pt) vs absent
FPresent (1 pt) vs absent
Fresent (1 pt) vs absent

== 4 points

3-4 points

1-2 points

0 points

“Constitutional symptoms were defined as weight loss over B months, night sweats, unexplained fever.™

Geyer Blood. 2014;124(24):3529-3537)




Hematologic features

Leukopenia

Leukocytosis
— (leukoerythroblastosis)

Thrombocytopenia
Thrombocytosis
Anemia

— (dacriocytes)

Increased LDH



Prognosis

« Median survival: 3.5-5 years
— Wide variability

« Adverse prognostic factors
— Constitutional symptoms
— Hb <10 g/dL
— WBC count < 4 or > 30 x 109/L
— Blood blasts > 1%
— cytogenetics
— Type of mutation



Algoritmo diagnostico per la Ml

EM biopsy, reticulin stain, cytogenetic studies
&

mutation scresning for JAKZVEITF

Fh VB17F (+) Other Mormal cytogenetics
chromosome or cytogenetic and
(+] del{13q) abnormalities VBATF (-)
v v v v
cML PMF likely . Could be PMF . If megakaryocyles
................... but ! but also : : dwa_.rf :
use histology MDS § consider i
fo exclude ar : - FISH for BCR-ABL
other myeloid other myeloid : otherwise
neoplasm neoplasm use histology for
.................................................................. S'F‘Eﬂ'lrﬁﬂ dﬂgﬂﬂﬁjﬁ

Figure 3 Diagnostic algorithm for suspected primary myelofibrosis. Key: PMF, primary myelofibrosis; WL, chronic myeloid leukemia;
MDS, myelodysplastic syndrome; FISH, fluorescent in site hybridization; Ph, Philadelphia; BM, bone marrow; Ve17F, JAKZVB17F.

Tefferi A & Vardiman JW, Leukemia 2008; 22: 14.



IPSS and DIPSS(plus) prognostic scoring systems

Risk factors Point value PSS DIPSS
IPSS DIPSS Risk group Risk Median Risk group Risk Median
score survival score survival
Age =65 1 1 Low 0 11.3 years Low ] MNot reached
Constitutional 1 1 Intermediate-1 1 7.9 years Intermediate-1 1to2 14.2 years
symptoms®
Hb <10 g/dL 1 2 Intermediate-2 2 4 years Intermediate-2 3 to4 4 years
WEC count 1 1 High >3 2.3 years High >5 1.5 years
=25 = 107L
Blood blasts = 1% 1 1

* Constitutional symptoms defined as weight loss =10% of the baseline value in the year preceding PMF diagnosis and/or
unexplained fever or excessive sweats persisting for more than 1 month.

Risk factors Points DIPSS plus

Risk group Risk score Median survival
DIPSS intermediate-1 1 Low risk 0 154 years
DIPSS intermediate-2 2 Intermediate-1 1 6.5 years
High risk 3 Intermediate-2 2to3 2.9 years
Unfavorable karyotype® 1 High 406 1.3 years
Platelets <100 = 10%/L 1
RBC transfusion dependent 1

* Unfavorable karyotype = complex karyotype or single or two abnormalities that include -8, —7/7q-, i(17q), —5/5q, 12p-,
inv(3) or 1123 rearrangement.



Survival data of 793 patients with primary myelofibrosis evaluated at time of their first Mayo Clinic referral and stratified by their Dynamic

International Prognostic Scoring System (DIPSS-plus) that employs eight variables:

Age >65yrs; Hgb <10 g/dL; RBC transfusion-dependent platelets<100 x 10(9)/L; WBC > 25 x 10(9)/L; 21% circulating blasts; constitutional symptoms; karyotype.

Survival (proportion)

100

80 4

60 -

40 4

20

Low risk
AX 1riskfactor ™= [ntermediate-1 risk

2or3riskfactors = |ntermediate-2 risk
l 4 or moreriskfactors }— H;gh risk

P < .001

-
50 100 150 200 250 300 350 400

Time (months)

GangatN etal. JCO 2011;29:392-397

Median
15.4 years
6.5 years
2.9 years
1.3 years



1.0
0.9+
0.8+
0.7+
0.6
0.5
0.4
0.3
0.2
0.1+
0.0+

Cumulative probability of survival

Survival in Ml

CALR mutant (median OS 17.7 yr)
JAKZ mutant (median O5 9.2 yr)
MPL mutant (median OS 9.1 yr)
Triple negative (median OS5 3.2 yr)

0

Mo. of patients at risk:

CALR mutant 140
JAKZ2 mutant 396
MPL mutant 25
Triple negative 53

72
135
10
11

10 15 20 25 30
Time, years
37 19 9 :
39 13 7 3
5 3 2 0
> 0 0 0

Rumi et al, Blood. 2014;124(7):1062-1069)



treatments

« Treatment options:
— Supportive treatments (EPO)
— Hydrossycarbamide
— Steroids
— JAKZ2 inhibitors (ruxolitinib)
— Immunomodulating drugs (Imids)
— Splenectomy
— Radiotherapy
— Allo-BMT
— Telomerase inhibitors



Prognostic and therapeutic treatment algorithm in primary and
secondary myelofibrosis

MF diagnosis
& risk stratification

~

§ Median survival: 11.2 y

Low risk Intermediate-1 risk
Median survival: 7.9y )

Intermediate-2 risk High risk )
Median survival: 4 y

Median survival: 2.2 y )

\/

\/

Wait & See
Symptoms-oriented therapy
(excluding RUX)

Allogeneic stem cell transplant
Symptoms-oriented therapy
(including RUX)

Anemia Reduced survival Splenomegaly Symptoms Thrombocytoﬁs
& leukocytosis
Steroids (Ruxolitinib) Ruxolitinib Ruxolitinib Hydrea
Danazol alloHSCT Hydrea Steroids
ESA Splenectomy
IMiDs Splenic
irradiation

RUX, ruxolitinib; ESA, erythropoiesis stimulating agents;

HSCT, hemopoietic stem cells transplant; IMiDs, immunomodulating drugs. Palandri et al. Hematol Oncol 2016



Selection of upfront therapy for patients with MF:
HCT vs nontransplant therapies

Patient Factors

YES
oo Advanced age
1 NO YES
i~~~ Poor performance status
Benefits NO YES Benefits
 Curative potential --+ Prohibitive co-morbidities « Usually well-tolerated

« AQOL

t

Disease Factors

--=4 No| Severe complications JAK inhibitor
A ™ of MF such as s therapy/
portal hypertension & == clinical trial
1 pulmonary hypertension l

© Risks

Risks

* Risk of early mortality YES High-risk of NO »  Non-curative
+ VQOL ——e |eukemic transformation #==-' * Unknown duration of
o GWHD = (See Table 1) response
o Recurrent infections - 50% of patients
discontinue by 3
years

1
1
1
1
L

Transplant Factors
LSS Well-matched donor -

Devlin & Gupta. ASH 2016



Clinical and molecular risk stratification and
risk-adapted therapy in primary myelofibrosis

Molecularrisk

High risk Intermediate risk Low risk

Presence of adverse mutations Not classifiable as high or low risk Presence of type 1/like CALR mutation

(e.g. ASXL1, SRSF2), and

and absence of adverse mutations

absence of type 1/like CALR mutation (e.g. ASXL1, SRSF2)

High

Stem cell transplant
or

Investigational drug therapy

or

Investigational drug therapy

Stem cell transplant
or

Investigational drug therapy

Stem cell transplant
or

Investigational drug therapy

-
_Q Intermediate-2 Stem cell transplant Stem cell transplant Investigational drug therapy
—
(7)) or or
= | — —
E. Investigational drug therapy Investigational drug therapy
“') Intermediate-1 Stem cell transplant Observation Observation
4 :
E Investigational drug therapy Investigational drug therapy
Low Stem cell transplant Observation Observation

Tefferi AJH 2016



Main clinical needs of myelofibrosis and possible treatment strategies

that are currently under evaluation

(

* Association therapies
to reduce toxicity

* RUX + danazol

* RUX + ESA

* New JAX2 inhibitors R

» Association therapies
to increase efficacy

* Telomerase inhibitors
PRM-151

* New JAX2 inhibitors
* Association therapies
to increase efficacy
e Telomerase inhibitors

* PRM-151
.

Anemia Sp!een g
iZze
m)elay\\
Allele Marrow
burden fibrosis N

ew JAX2 inhibitors

* Association therapies
to increase efficacy
» Telomerase inhibitors
* PRM-151
J

Palandri et al. Hematol Oncol 2016



