Understanding
Myeloproliferative Neoplasm

Idoroenyi Amanam, MD
Assistant Professor, Division of Leukemia
Hematology & Hematopoietic Cell Transplantation

City of Hope




Disclosures

= | have no relevant financial relationships.

This presentation and/or comments will provide a balanced, non-promotional, and evidence-based approach to
all diagnostic, therapeutic and/or research related content.

CITY OF HOPE



Cultural Linguistic Competency (CLC) & Implicit Bias (1B)

STATE LAW:

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must
include a cultural diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a
physician and surgeon must contain curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care
component.

This presentation is dedicated solely to research or other issues that do not contain a direct patient care component.
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241
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JAK2 mutations CALR and MPL mutations
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Grabek et al. Cells 9.8 (2020): 1901.
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regulation
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Nangalia et al. New England Journal of Medicine 369.25 (2013): 2391-2405.
Lundberg et al. Blood, The Journal of the American Society of Hematology 123.14 (2014): 2220-2228.
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Diagnosis




: Essential :
Polycythemia vera thromiss ltilemia Primary '
suspected y myelofibrosis
suspected suspected

Blood JAK2 mutation screening

|

Blood mutation screening

Bone marrow biopsy
l with mutation screening
JAK2 mutated JAKIVE1TE and cytogenetics
l ‘ . '
BM biopsy if negative
JAK2 negative advise.d to v S
;,-ZZJZZZS CALR — required to
and . o confirm diagnosis
perform If negative and distinguish
Check karyotype v E;‘ frqrr; -
serum - prefibrotic PM
erythropoietin MPL
1
Ve If negative V
i \ Subnormal * Diagnosis considered If bone marrow
“Triple-negative” morphology is consistent with PMF and
Normal or 1. JAK2, CALR or MPL mutated or
elevated
Not PV

2. trisomy 9ordel(13q) presentor
3. Other myeloid malignancies are excluded
Tefferi et al. American journal of hematology 95.12 (2020): 1599-1613.



ET

PMF (early-prefibrotic stage)

» no or only slight increase in age-matched
cellularity

* o significant increase in granulo- and
erythropoiesis

» prominent large to giant mature megakaryocytes
with hyperlobulated or deeply folded nuclei,
dispersed or loosely clustered in the marrow
space

* 1o or very rarely minor increase in reticulin
fibers

marked increase in age-matched cellularity

pronounced proliferation of granulopoiesis and
reduction of erythroid precursors

dense or loose clustering and frequent endosteal
translocation of medium sized to giant
megakaryocytes showing hyperchromatic,
hypolobulated, bulbous, or irregularly folded
nuclei and an aberrant nuclear/cytoplasmic ratio

no or no significant increase in reticulin fibers

& Megakaryopoiesis; @ Granulopoiesis; ® Erythropoiesis; 7~ Reticulin fibers

Thiele et al. Blood 117.21 (2011): 5710-5718.



Increasing EPO signalling Increasing MPL signalling

4

4

Erythrocytosis Thrombocytosis

JAKIEn L JAKIVEITF JAK2V617F MPL CALR
homozygosity mutations  mutations

/ Additional factors influencing phenotype \

Mutation type
Mutation homozygosity®
Gender*

Germline predisposition
Additional somatic mutations
Renal function/EPO fevels*

fron stores™
\ Mutation order™

Nangalia, J; et al. Blood 2017.
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Prognostication



> Overall survival (%)

Patients without fibrotic progression (%)
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Szuber et al. Mayo Clinic Proceedings. Vol. 94. No. 4. 2019.



Mutation-enhanced international prognostic scoring system (MIPSS)
for essential thrombocythemia (ET) and polycythemia vera (PV)

ET survival risk factors: SRSF2/SF3B1 mutations (2 points), age >60 years (4 points) and male sex (1 point)

PV survival risk factors: SRSF2 mutations (2 points), age >60 years (2 points), leukocyte count 211 x 10°/1 (1 point) and abnormal karyotype (1 point)
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Tefferi et al. American journal of hematology 95.12 (2020): 1599-1613.



Prognosis PMF

DIPSS
DIPSS-Plus
GIPSS
MIPSS70+ v2.0

MIPSS70+ v2.0

Overall Survival (probability)

Overall Survival (probability)

1.0 4

0.8 -+

0.6 1

0.4

0.2 -+

0 5 10 15 20 25 30
Years

Very high risk; n = 44; median, 1.8 years; 10-year survival, < 5%
High risk; n = 124; median, 4.1 years; 10-year survival, 13%
Intermediate risk; n = 64; median, 7.7 years; 10-year survival, 37%
Low risk; n = 64; median, 16.4 years; 10-year survival, 56%

Very low risk; n = 18; median, not reached; 10-year survival, 92%

0 5 10 15 20 25 30
Years

Overall Survival (probability)

1.0 4

0.8

0.6 1

0.4

0.2 +

0.0

0 5 10 15 20 25 30

Years
Very high risk; n = 69; median, 1.8 years; 10-year survival, < 3%
High risk; n = 172; median, 3.5 years; 10-year survival, 10%
Intermediate risk; n = 76; median, 7 years; 10-year survival, 30%
Low risk; n = 70; median, 10.3 years; 10-year survival, 50%
Very low risk; n = 19; median, not reached; 10-year survival, 86%

Tefferi et al. Journal of clinical oncology: official journal of the American Society of Clinical Oncology 36.17 (2018): 1769-1770
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National

WMol Cancer
Network®

Comprehensive

NCCN Guidelines Version 3.2022
Myeloproliferative Neoplasms
NCCN Evidence Blocks™

NCCN Guidelines Index

Table of Contents

Discussion

DIAGNOSISi

Myelofibrosis

Polycythemia vera (PV)9 ——» Conventional risk model* <

Essential

PROGNOSTIC RISK MODEL

Primary myelofibrosis (PMF)?
* MIPPS-70 or MIPSS-70+

Version 2.0 (preferred)

* DIPSS-Plus (if molecular
testing is not available)

or
* DIPSS
(if karyotyping is not
available)
Post-PV or Post-ET MF®
« MYSEC-PM

thrombocythemia (ET) — > IPSET-thrombosis (revised)'

See Footnotes on MPN-2A

RISK STRATIFICATION

Lower-risk (MF-1)

* MIPSS-70: <3

* MIPSS-70+ Version 2.0:
* DIPSS-Plus: <1

* DIPSS: <2

* MYSEC-PM: <14

IA
w

Higher-risk (MF-2)

» MIPSS-70: 24

* MIPSS-70+ Version 2.0: 24

* DIPSS-Plus: >1

* DIPSS: >2

* MYSEC-PM: 214

Low-risk (PV-1)

» Age <60 years and no prior history of thrombosis

High-risk (PV-2)
» Age 260 years and/or prior history of thrombosis

Very-low-risk (ET-1)
» Age <60 years, no JAK2 mutation, no prior history
of thrombosis

Low-risk (ET-1)
» Age <60 years, with JAK2 mutation, no prior
history of thrombosis

Intermediate-risk (ET-2)
» Age >60 years, no JAK2 mutation, no prior history
of thrombosis

High-risk (ET-3)
* History of thrombosis at any age or age >60 years
with JAK2 mutation



Treatment- Essential
Thrombocythemia



Thrombosis Risk in ET
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Barbui, T., et al. Blood Cancer J. 2015; 5: €369.



Current Treatment Recommendations in Essential
Thrombocythemia

Very low-risk
disease
*No history of thrombosis

*Age <60 years
*JAK2 un-mutated

No Cafdiovascular
cardiovascular risk factors
risk factors present
Observation ~ Once-daily

alone aspirin

Avoid aspirin in the presence
of extreme thrombocytosis
and acquiredvon Wlllebranq\

syndrome

Low-risk
disease

*No history of thrombosis
*Age <60 years
*JAK2 mutated

No Cardiovascular
cardiovascular risk factors
risk factors present

Once-daily or
Twice-daily

/ aspirin

y

|~

1»\1

Twice-daily
aspirin

Intermediate-risk
disease

*No history of thrombosis

*Age >60 years

°J/1K2 un-mutated

Cardiovascular
risk factors
absent

\V/

Once-daily
aspirin
(hydroxyurea advised
but optional)

Cardiovascular
risk factors
present

W/
v

Hydroxyurea*
+

Once-daily
aspirin

*Second-line treatment in hydroxyurea intolerant or refractory patients is pegylated |FN-alpha or busulfan

High-risk disease

*History of thrombosis
or
*Age >60 years with JAK2 mutation

Arterial Venous
thrombosis thrombosis
history history
at any age at any age
Hydroxyurea* Hydroxyurea*
- -

Twice-daily systemic
aspirin anticoagulation

JAK2-mutated or
cardiovascular risk
factors present

Consider adding
once-daily
aspirin



Cytoreduction in ET

Hydroxyurea Pegylated Interferon Anagrelide

e HU vs Placebo — e Single-arm studies e HU vs Anagerlide —
Cortelazzo NEJM e Phase Il trial— Gisslinger Blood
1995 Masarova et al, 2013

e HU vs Anagrilide— Lancet Onco. 2017
Harrison NEJM 2005 e Langer et al.,

Haematologica 2005

e Cassinat et al., NEJM
2014



Study Procedures

Last subject
12/2015

End of study
12/2016

[ High risk features [ )]
‘[0 No prior Interferon

Pegylated Interferon Alfa-2a for Polycythemia Vera or Essential Thrombocythemia Resistant or Intolerant to Hydroxyurea

All subjects included in
ITT

All subjects included in
Safety Analysis

Primary End Point at 12 Months

WET WPV

69%

PR CR ORR

Yacoub et al. Blood 134.18 (2019): 1498-1509.




Table 1. Listing of clinical studies evaluating the role of interferon in the treatment and management of

myeloproliferative neoplasms. (Table view)

First study (year) ET patients (n) Response rate (%) Discontinuation, n (%) Type of IFN
Giles (1988) 18 100 0 20 and 2b
Bellucci (198E) 12 A 4 (33) 20
Gugliotta (1983) 10 100 MA 20
Lazzarino (1989) 26 86 9 (35) 2b
Gisslinger (1991) 20 85 10 (50) 2c
Kasparu (1992) 14 86 0 2b

Herte (1996) 12 83 MA 20/2b
Alvarado (2003) 11 100 2 (18) PEG-2b
Saba (2005) 20 75 3 (15) 20
Langer (2005) 36 75 13 {36) PEG-2b
Somuelsson (2006) 21 70 11 (55) PEG-2b
Jabbour {2007} 13 70 MA PEG-2b
Quintds-Cardama (2009 and 2013} 39 81 MA PEG-2a
Verger (2015) 31 100 39% PEG-2b
Mascarenhas et ol (2016) 31 80 MR PEG-2a
Gowin (2017} 20 65 MA PEG-2ao

ET: Essential thrombocythemia: IFN: Interferon: MPN: Myeloproliferative neoplasms: NA: Mot applicable; NR: Mot
reported.

Verstovsek et al. Future Oncology 18.27 (2022): 2999-3009.



mpact of platelets on major thrombosis in
natients with a normal white blood cell count in

Kaplan-Meier Plot
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Buxhofer-Ausch et al. European Journal of Haematology 106.1 (2021): 58-63.



Treatment- Polycythemia Vera



Goals for PV therapy

Respondents for PV, %
0 10 20 30 40 50

Slow/delay progression of condition
Prevention of vascular/thrombotic events
Healthy blood counts

Better QoL

Symptom improvement

Hematocrit levels <45%

Reduce frequency of phlebotomy treatments

Reduction in spleen size

Mesa et al. Cancer 123.3 (2017): 449-458.



Current Treatment Recommendations in

Polzczthemia Vera
\’

Phlebotomyto hematocrit <45% in both males and females
+

Once-daily low-dose aspirin (40-100 mg)

Low-risk High-risk
Disease disease
*No history of thrombosis *History of
*Age <60 years thrombosisor
*Age >60 Tears
" Hydroxyurea
2 Add hydroxyurea (500 mg BID starting dose) intolerant or
Inadequate control of microvascular symptoms cHaIatAnE
or
Presence of cardiovascular risk factors :
or Artenal ' Venous'
Presence of leukocytosis thrombosis thrombosis
history history
Pegylated IFN-alpha
(younger patients)
Consider J | |
twice-dail
aspirin ! Consider Add Busulfan
twice-daily systemic (older patients)
aspirin anticoagulation

Ruxolitinib
(Failing treatment with
above drugs)



RESPONSE

Patients (%)

B Ruxolitinib

P<0.001
Odds ratio, 28.6
(95% Cl, 4.5-1206)

20.9

0.9

o T W R W R R R W W W W e e

Composite Primary
End Point

W Standard therapy
60.0
38.2
19.6
0.9
>35% Reduction Hematocrit
in Spleen Volume Control

Vannucchi, A; et al. NEJM 2015



Proportion of patients (%)

Proud-PV

B Complete Hematological Response

100 5 -@- Ropeginterferon alfa-2b (n=95)
—8- Hydroxyurea (n=76)

90+
80 4
70
60
50
40+
30
20

10+

Proportion of patients (%)

1004 -@ Rﬂpeginterfe%Lealggt!arggl:}esponse

—- Hydroxyurea (n=76)
90
80

70+

60

T——
504
40
30+

20 -

10 4

0 T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36

Duration of treatment (maonths)

Gisslinger et al. The Lancet Haematology 7.3 (2020): e196-e208.



Freedom from phlebotomy

90% p=0.01** p= 0007 p=0.005**

80%
m Ropeginterferon alfa-2b

70%
m Control

60%
50%
40%
30%
20%
=

0%

1st year 2nd year 3rd year 4th year Sthyear 6th year

Percentage of patients with no
phlebotomies in each year

Full Analysis Set

In the 6'" year of treatment, no phlebotomies were required to maintain hematocrit <45% in 81.4% of patients
receiving ropeginterferon alfa-2b compared with 60.0% of patients in the control arm (p=0.005).

*Among patients with available data for each treatment year **Likelihood of ratio test (incidence ratio for no phlebotomy vs at least 1 phlebotomy)

Gisslinger et al. Presented at EHA 2022.



Treatment- Myelofibrosis



DIPSS and DIPSS-Plus Risk Score =0
MIPSS70=0o0r 1
MIPSS70+ v2 =<2
MYSEC-PM = <11

Myelofibrosis

MIPSS70=2-4
MIPSS+v2=3or 4

MYSEC-PM =11 - <14

DIPSS-Plus =1 and DIPSS = 1 or 2

DIPSS-Plus = 22 and DIPSS = 23
MIPSS70 = 25
MIPSS70+ v2 = 25
MYSEC-PM = 214

Clinical trial if available

v

Intermediate-risk

No high-risk features or
anemia, asymptomatic

Symptomatic Asymptomatic
//-"_\ \ 4
Ruxolitinb Observation

or
Interferons

No high-risk
features or

emia,
—Tyr:p%ngtic

L

Ruxolitinib

A\ 4 ‘
iah-ri Transplant
/ Cytogenetic and molecular studies [ H/ghpl;l:fef::fures candidate
\ 4
Ruxolitinib
A\ 4
X Allo-
Anemia alone,
asymptomatic
/\ A\ 4 A 4
T — Corm Pl 0 Platelets <50
EPO <500 EPO >500
/ \ : y
Ruxolitinib Clinical trial
Erythropoiesis Danazol
stimulating or
agent Lenalidomide

Gerds, A., et al. Hematology 2019.



Approved Myelofibrosis Therapy

Approved Seeking Approval

e Ruxolitinib e Momelotinib

e 15t Line e Ruxolitinib Combinations
e Fedratinib

e 15t Line, 2" |ine
e Pacritinib

e 15t Line Low PLT, 2" Line



=

JAK Inhibitor: COMFORT-1 and COMFORT-2

A
40=
60+ Odds ratio, 134.4 (95% CI, 18,0-1004.9) 35 P<0.001
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Verstovsek, S; et al. NEJM 2012. Harrison, C; et al.
NEJM 2012



COMFORT-1
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Change in Spleen Volume
From Baseline, %

JAKARTA

Fedratinib 400 mg

Patient

From Baseline, %

80 -
60
40
20+

Fedratinib 500 mg

-20 -
-40

-60 {|[/l{|

-80

Patient

Pardanani, A; et al. JAMA Oncology 2015



JAKARTA-2
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Harrison, C; et al. Lancet 2017.
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Proliferative MF vs Cytopenic MF

Parameter Prognostic Significance Supporting Data

Platelet count < 100 x 10%L; PMF Decreased survival (1.8 vs. 11.2 y) Patnaik et al’

Platelet count < 150 x 10%L; PPV/PET-MF Decreased survival Passamonti et al”

Platelet count < 50 x 10%L; PMF Increased leukemic transformation; decreased survival Ahmad et al,® Hemandez-Boluda et al,”
Masarova et al®

Platelet count < 50 x 10°/L; PPW/PET-MF Increased leukemic transformation; decreased survival Ahmad et al.® Hemandez Boluda et a,’
Masarova et al

Marcellino et al. Clinical Lymphoma Myeloma and Leukemia 20.7 (2020): 415-421.



Pacritinib
An oral kinase inhibitor with selectivity for JAK2 and FLT3

Kinase! | ICqo (M) _

JAKA 1280

/\l\’ JAK2W 6.0
JAK2V617F 9.4

o JAK3 18.3

S éfo\/\n Q TYK2 27.0
NiN FLT3-ITD 13.4
o FLT30835Y 4.7
CSF1R 39.5

IRAK1 13.6

1. Singer J, et al. ASH, 2014, Abstract 1874.
CSF1R, colony stimulating factor 1 receptor; FLT, FMS-like tyrosine kinase; ICs,, half-maximal inhibitory concentration; IRAK,
interleukin-1 receptor-associated kinase; ITD, internal tandem duplication; JAK, Janus kinase; TYK, tyrosine kinase.



PERSIST-2 SVR > 35%

IE Spleen volume reduction

B Pacritinib400mg [ Pacritinib 200mg [ Ruxolitinib (n=22)

~ once daily twice daily _
80 (n=51) (n=57) || Other BAT (n=28)
60 -
40
E 20
E Mean: -19.8 Mean: -21.0 Mean: -4.6
& Median: -19.0 Median: -23.0 Median: -4.5
E 0+
o
L
[«F)
% =20+ ‘ ‘
S 35% Decrease
_40_
_60_
-80

Patient Groups

Mascarenhas et al. JAMA oncology 4.5 (2018): 652-659



PERSIST-2 TSS Reduction > 50%

Total symptom score reduction B Pacritinib 400mg [ Pacritinib 200mg [l Ruxolitinib (n=22)

once dail twice dail
1751 (esly e55) [7] Other BAT (n=29)

1504

1254

100

754

504

25+
Mean: -18.2 Mean: -33.6 Mean: -3.9
Median: -27.0 Median: -41.0 Median: -15.0

Change From Baseline, %

-25-

50% Decrease
_50 R 1L LR L L R ———————————— | | F b8
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Mascarenhas et al. JAMA oncology 4.5 (2018): 652-659



PERSIST-2 Baseline Change in PLT Count

=@~ Pacritinib 400 mg Once Daily

=@ Pacritinib 200 mg Twice Daily
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Mascarenhas et al. JAMA oncology 4.5 (2018): 652-659



PERSIST-2 improvement in transfuions

M Pacritinib 400 mg Once Daily (n=104)
I Pacritinib 200 mg Twice Daily (n=107) 2 925
B BAT (n=100)

2.5 7

RBC transfusion units/month, median

Baseline Week 12 Week 24
n: B4 71 55 44 57 42 33 40 27

Mascarenhas et al. JAMA oncology 4.5 (2018): 652-659



Survival on Ruxolitinib

1048
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Verstovsek S., et al. ] Hematol Oncol 2017.



Trends in Survival after Allogeneic HCTs for Myeloproliferative
Neoplasms (MPN), in the US, 2001-2019
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Survival after alloHCT

Survival Probabiltiy Post-alloHCT with Flu/Mel Regi Byl oV Begehion MIFeSs0
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Immunotherapy

Microenvironment and Fibrosis

. TGEH ik TGF-B  Reticulin * Interferons
- inhibition =% deposition/fibrosis * PD-1/PD-L1 Inhibition
* Fibroblast differentiation inhibition « CALR®™® peptide vaccination, cell transfer
* TGF-B ligand traps PR * CALR®? antibody therapy '
* Sympathomimetics
* Aurora Kinase-A Inhibition

Proliferative singaling :
* JAK1/2 Inhibition l

* FLT-3 inhibition

AN
R @) , @)
) @n —

Impaired MKC differentiation

- pomahating &
* Hypomethylating agents | 4

* |DH 1/2 inhibitors
* HDAGs
* BET inhibitors

HSC maintenance, survival, and differentiation
* IMiD drugs
* Telomerase inhibition
* MDM2 Inhibition
Gerds, A, et al. Hematology 20109.
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