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MPNs — How did we get here?

 MPNs pre 2005 — A Brief History

Q‘” AtriumHealth Wake Forest University

School of Medicine




( Human Blood and Bone Marrow )

| Normal Mayo Clinic

Laboratory Ranges
% S W Circulating cells: H§moglobin:
arrow cells that normal
o z g d 12.0-15.5g/dL
don't circulate in large numbers: “\oi\‘ebo y 3'135-17.5 o/dL
0*5%‘ Hematocrit:
Plasma cells ' éé (f' gg:-gggx
Lymphocytes
Red bone marrow
Mast cells inside a femur (hraphs) 0.9-2.9x 10°L or
{thigh bone) 16-52% of WBCs
. Monocytes
Macrophages t_ (moges) 10'1?’1'(;’9 >; \]A(I);/CL
- Of S
Neutrophils
N N (granulocytes, grans,
UndﬁLelraesr:ated Q segs, polys, PMNs) ,f:#-"" - 1.7-7.0x 10%/L
\ § (ANC >1700)
White cell 42-75% of WBCs
precursors Basophils
(promyelocytes, (basos)
metamyelocytes, 0-0.3 x 10%/L
others) -% 0-4% of WBCs
Red cell precursors % Eos;‘nop)hils
(erythroblasts, 3 .-~ 0.05-0.50 x 10°/L
proerythroblasts, [
reticulocytes, 9, 0-7% of WBCs
others)
Stromal cells — s J ¥
rOp g 9
bleeding ¥,9 8 150-450 x 10%/L

Stem cells o 22 @ (150,000 - 450,000)

Synonyms are in parentheses. Normal laboratory values may differ in other laboratories, hospitals and clinics, even within the Mayo Health System.
In some circumstances it may be normal to see a small proportion of bands, myelocytes, or metamyelocytes in the blood (all neutrophil precursors.)

by DP Steensma 2005, for the Mayo Clinic Division of Hematology



Erythrocytosis Thrombocyto

*Hypoxia SIS

eExclude congenital (VHL/ EPOR) e Tissue Damage
mutations e[ron Deficiency

eIncreased EPO *Malignancy

*High affinity hemoglobin o Injsion

*Changes in Plasugh/olume

Reactive

Myeloproliferation

Mpyelofibrosis
*Myeloid Disorder
eConnective Tissue Disease
*Chemical/ radiological
insult
eCarcinoma -
eBone Disease &) Mays Cancer Center

UT Health MDAnderson
SanAntonioc  GaneerCenter




Myeloproliferative Disorders vs. Syndromes vs.
Neoplasm

RS Blood 1951,6:372-375 —

EDITORIAL

Some Speculations on the Myeloproliferative Syndromes

B e Chronic Granulocytic

| ~ . | cylemia

Willian Damechel ePolycythemia Vera (PV)

1900-1969 » Agnogenic Myeloid Metaplasia
e Megakaryocytic Leukemia

e Erythroleukemia
*’PNH 1969

.
&) Mays Cancer Center

UT Health MDAnderson
SanAntonioc  GaneerCenter




Natural History of MPNs

PV, ET,
Pre-fibrotic PMF

Overt PMF, post-ET/PV MF

Progressive
constitutional
symptoms

Progressive Progressive

Short-term: I
Cytopenias Organomegaly/EMH

vascular events

Leukemic
transformation

v

Premature
death

Typically >10 - © years . Variable, 3-5 years common .

* NCCN Guidelines. Myeloproliferative Neoplasms. V1.2020



History of MPN Therapy

1) Decrease risk of blood clots or bleeding in ET and PV
« Control hematocrit

Use aspirin?

Selective use of cytoreductive therapy
* Hydroxyurea

Other cytoreductive — P-32, busulfan, pipobroman, chlorambucil

2) Therapy of myelofibrosis related to disease burden
+ Splenomegaly (surgery, radiation, hydroxyurea, other chemotherapy)

« Anemia (ESAs, prednisone, thalidomide (and cousins — lenalidomide, pomalidomide), androgens)
« Symptoms (really nothing)

3) Stem Cell transplant for “young” and “high risk” myelofibrosis

-~
&) Mays Cancer Center

UT Health MDAnderson
San Antonio Center




Efficacy and Safety of

Low Dose Aspirin In PV

Landolfi et al.
Multicenter European study.

NEJM 2004;350:114

518 patients

emean f/u 3 years

emore smokers in the ASA arm
*ASA 100 mg enteric-coated
*Qverall mortality not different
*NS reduction in major thrombosis
*Major bleeding episodes not

1.0
CIIITTCIIT

Probability of Event-free Survival

No. at Risk (No. of Events)
Aspirin
Placebo

Probability of Event-free Survival

No. at Risk (No. of Events)
Aspinn
Placebo

1.00-¢
Aspirin
921 Placebo
0.90-]
085
- Non-fatal arterial
thrombosis
0754 and cardiovascular deaths
pP=0.08
0.70
0.00 . : : ; ; ; . .
180 360 540 720 900 1080 1260 1440 1620 1800
Days after Randomization
253(0) 250(1) 249(0) 232 (2) 213 (1) 155(0) 113(1) 82(0) 24(0) 1(0) 0
265 (3) 261(3) 254(0) 243 (2) 234(2) 177(1) 132(1) 85() 28(0) 1(0) 0
1.00-
0.95 Aspirin
050+ Placebo
0.85-]
Non-fatal arterial and
0.80 venous
thrombosis
75 .
oL and cardiovascular deaths
=0.02
0.70-] P
0.00 : . ; y y ; ; )
0 180 360 sS40 720 900 1080 1260 1440 1620 1800
Days after Randomization
253(0) 250(1) 249 (1) 231(2) 212(2) 153(0) 112(2) 81(0) 24(0) 1(0) ©
265 (4) 260 (3) 253 (3) 239 (4) 228(2) 171(3) 125(1) 79(1) 26(0) 1(0) O




HU-Treatment Effect in High-Risk ET

™ Hydroxyur
?
n=56
Thrombosis-
e ~ Control
survival 0 n=58
P=0.0001
¥ ¥ I L ¥ ¥ ¥ i
Year
Cortelazzo et al. NEJM 1995;332:1132 S
Finazzi et al. BJH 2000;110:577
-
&) Mays Cancer Center

UT Health MDAnderson
SanAntonio  Ganeer Center



Published /@:/“T\")mw
Anagrelide Experience = I
Study N ET | PV |CML | Other Impact
Silverstein | 20 17 2 1 0 Initial Trial
1988
ASG 577 | 355 |68 114 | 60 Response rate 79%
1992
Petit 942 |546 | 113 179 | 108 Basis for FDA
1997 Approval
Storen 35 |35 |0 0 0 Long Term Safety
2001
Fruchtman | 3590 | 2425 | 506 |561 |458 Basis for EMEA
2005 License
Harrison 805 |809 |0 0 0 PT 1 Trial
2005
" aw
& Mays Cancer Center

UT Health MDAnderson

San Antonio

Center


http://www.futuremedicine.com/na101/home/literatum/publisher/fum/journals/production/fon/2005/1/5/14796694.1.5.609/images/large/graphic15.jpeg

PT 1 Study: HU vs Anagrelide in High Risk

B
100+ Anagrelide plus aspirin
g Hyd I iri i
urea plus aspirin
58 oo roxyurea plus asp
i3
25 "
EC
@3 707
§  y r0006
o T T T T 1
1 2 3 4 5
Time after Trial Entry (yr)
No. at Risk

Hydraxyurea plus aspirin
Anagrelide plus aspirin

404 394 304 207 130 57
405 399 207 216 135 54

LT
A
. 100 Hydroxyurea plus aspirin
T \EN%
—
S2 904 Anagrelide plus aspirin 80%
88
[
| S 30
s
a .E 70
T p=0004
o T T T T 1
0 1 2 3 4 5
Time after Trial Entry (yr)
No. at Risk
Hydroxyurea plus aspirin 404 303 305 214 137 58
Anagrelide plus aspirin 405 385 234 199 127 53
(=
100+ Hydroxyurea plus aspirin
F 97%
%S & ogd Anagrelide plus aspirin 4%
g
= [
=8 301
£32
a E 70
P=0.008
g 1
T T T T 1
0 1 2 3 4 5
Time after Trial Entry (yr)
No. at Risk
Hydroxyurea plus aspirin 404 397 307 214 135 58
Anagrelide plus aspirin 405 301 286 206 126 53

D
v 10 Hydroxyurea plus aspirin
_g — — 03%
3 § a0+ Anagrelide plus aspirin 93%
£s
5 E 80
= % 70+
o
2=
2 . y P=001
g T 7 1 1§ 3
Time after Trial Entry (yr)
No. at Risk

Hydroxyurea plus aspirin
Anagrelide plus aspirin

404 397 308 213 136 58
405 398 203 211 127 50

Figure 3. Kaplan—Meier Estimates of Survival Free of the Secondary End Points of Arterial Thrombosis (Panel A), Venous Thrombosis (Panel B),
Serious Hemorrhage (Panel C), and Myelofibrotic Transformation (Panel D).

Harrison et. al. NEJM 20052_53:33—45

&) Mays Cancer Center

UT Health MDAnderson
San Antonio Center




MPN Patient Meetings

1999 - Present




MPNs — How did we get here?

* Learning about MPN Biology

Q‘” AtriumHealth Wake Forest University

School of Medicine




] AK 2V617F

letters to nature .
Janx

A unique clonal JAK2 m
leading to constitutive s

causes polycythaemia v

Hﬂﬂl’

ase JAK2 in polycythemia
myeloid metaplasia

The NEW ENGL:

Nucleus V | '
| o N7 NNV NT N N
in Myeloprc | ®
A bk

ine kinase JAK2 in human

.
& Mays Cancer Center

UT Health MDAnderson
SanAntonio  Ganeer Center




Timeline of MPN Driver Mutation Discoveries

Driver Mutations and Disease Phenotypes

2000 200 2010 2015

g 4 $ ¥ $

CKIT JAK2V617F, JAK2 Exoni2, MPL 515K/ CBL  SF3B1 CALR
SETBP1, CSF3R

Mastocytosis PV/ET/MF CMMoL RARS-T ET/MF  CNL,atypical CML

Courtesy of Dr. Alison



Spectrum of Driver Mutations in

~ MPN

PV %

N=482

Essential thrombocythemia

%

ET “
8
VA

Primary myelofibrosis

N=773
10%
Pre-P
ME 6% .\
2% '
N=286

129:3227-30.

B JAK:V6iF
B JAK:z Exi2

" CALR Typer
M cair Typez2
[] MPL Ws15

[ ] Triple

Negative

Pietra D et al, Leukemia 2016;

PV, ET: Database of CRIMM,; Florence; PMF: Database AGIMM;&amhmelli P et al,

o17;
wfvzlays Cancer Center

UT Health MDAnderson
SanAntonio  Ganeer Center




Frequency and distribution of mutations in patients with MPN. (A) Number of patients with
mutations in the genes is indicated.

A Number of patients with mutations

0 5§
L

JAK2-VB17F

CALRA —
TET24 |
ASXL1 - I
DNMT3A 4 -
JAK2 exon12
EZH:

number of
mutations

-
-y
-
-2
1
Oo

TP53
del20q+
NFE2-
IDH1+
trisomy 9 4
MPLH

n=69 patients n=94 patients n=34 patients

CALR# patients

(9]

JAK2-V617F+ patients

GATA2
JAK2 other
KIF17 4
KRAS 4
MYBL2 4
PIAS2
PIK3R2 4
PRMTS E

SN e s oo
I VIO

number of mutations

PV PMF

ET PV PMF ET
(n=41)  (@=79)  (n=15)

0=17) (&)  (n=11)

CALR-positive patients

PTPRT
n &

%, € 3

SH2B3 4

F JAK2:v617F and CALR-negative patients

A A

CLsmy,
2N
X
<
2
£

Pontus Lundberg et al. Blood 2014;123:2220-2228

e
RCAY

©2014 by American Society of Hematology



Natural History of MPNs

4 I
Clonal Essential Thrombocythemia

Hematopoeisis Polycythemia Vera

Lead time: Typically years (>10) to «

Myelofibrosis \
Primary MF
Post ET/PV MF

Progressive Symptoms
Cytopenias
Extramedullary Hematopoiesi

Organomegaly
BM Fibrosis j

Time: Variable 3-5

. years common



MPNs — How did we get here?

« (Goals and Targets

Q‘” AtriumHealth Wake Forest University

School of Medicine




Assessing MPN Burden
WHO Diagnosis Does Not Tell Whole Story

Vascular Events
® PV/ET >MF
¢ Counts matter
* Can be unrecognized

Progression
*PV/ET to MF
*PV/ET to AML
*MF to AML
122 MDS

Baseline Health
Age/Medicines
Comorbidities

MPN Symptoms
*MF>PVs>ET
* Multifactorial
* Some ET/PV > MF

* Cytoreductive Rx frequently
not effective

Cytopenias
* MF > ET/PV
* Anemia
- MF 75%
— TXDep 25%
* TPN 30%

Splenomegaly
* MF > ET/PV

*Pain not always a
function of size




Evolution of MPN Symptom
Assessment Tools

PN-SAF Languages MPN_SAIR
+ English

Vascular and W Sx « French 2011
9 ltems

. germ_a” (27 items)
* Spanish
s Blood 2011

. Sw_edish
* ltalian MPN-SAF

* Portuguese
* Mandarin TSS

+ Japanese i

L opane: (10 items

* Arabic 2012)
JCO 2013
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Atrium Health

Levine Cancer

Comprehensive

D Atrium Health
Cancer Center

Wake Forest Baptist

MPN SAF TSS “MPN10”

In

Many Languages

English

KNOW YOUR
Fill out the form below to track the burden of your symptoms.
Symptom: 1 to 10, 0 if absent and 10 being worst imaginable

Name:

Date:

Please rate your fatigue (weariness, tiredness) by circling the one number that best describes your
WORST level of fatigue during the past 24 hours

I Fatigue I
oc |E s B9t T e | S S | o | | M | W
(ABSENT) (WORST IMAGINABLE)

Circle the one number that describes how much difficulty you have had with each of the
following symptoms during the past week

Filling up quickly when you eat (early satiety)
o | 1 | 2 | 3 | a

|9|10|

(WORST IMAGINABLE)

Iolwl

(WORST IMAGINABLE)

g | 10

(WORST IMAGINABLE)

I9I10!

(WORST IMAGINABLE)

o | 1w

(WORST IMAGINABLE)

|9|1ol

(WORST IMAGINABLE)

9 | 1w

(WORST IMAGINABLE)

l o 1w |

DAILY)
| o | 10 I

5 |
(ABSENT)
Abdominal discomfort
0 7 A Y O [ [ o |
(ABSENT)
Inactivity
0 48 | 2 [\ || s
(ABSENT)
Problems with - to before my di;
0 1. | 2 | a 4 | 5 ]
(ABSENT)
Night sweats
0 2 |8 s s
(ABSENT)
Hching (pruritus)
0 1| 2 | 3 | & | 5 |
(ABSENT)
Bone pain (diffuse, not joint pain or arthritis)
o | i |2 el [ s |
(ABSENT)
Fever (> 37.8°C or 100°F)
TP 0 [ |
(ABSENT)
Unintentional weight loss last 6 months
0 | e e | |
(ABSENT)

To help you get a clear overall picture of how you are feeling, you
can add up all your scores to calculate your Total Symptom Score.

You can also fill in this form and find

online at

.com

(WORST IMAGINABLE)

Total: l:l

Sd PO WD R B Y PR3 LDy PR

et o 3 ¥
i g3 by Ll 2 Ve g yll LA TS yia.
Tl YEU 305 Lt o0 01 31 Vo posil] i o5 50

3 a0 513 g sl e (e ¥ analt) Bla¥ Siims i 2 2

|
oL e T R T ) T N I
(ol o)

) s I ey e gl 0 ol i s g0 @ e 3303 g

(Lo ot lell)

T ) 59 = o e
oo b e | S N I I Y
(o)

Gope |
Ao
(omol SL2)

I ]
G Lo I T W N o] T S
(s> L pSe elpat) (sl iz )

I S LT lae = 55,01 ELis
A St T S N (o ) Y do
(yi S pa lliat)

(oot SLE)

PRI
oo R ] [ O T Ao
(oapnll SL5)

x._w|
Co L s I G e (T IO
(ool bs)

(Lp Ju e lalinl)

[P PTRERET: NPT T TN

|\-|1|A|V|'\|nll|?|'l‘!ﬁd
[RESerpS}

(L Jn it el

| (Ve %F ! YWACCS) el

oo on o dee ] ] ] S I N I 2 )

(Lasy)

l Tuall) g2l L PO 3gmaia pill iell 220
v | e e Y A T o

(La (ool b))

23



MPN10: allows

visual

assessment

@ KNOW YOUR = yame:
SCORE ..
Fill out the form below to track the burden of your symptoms.

Symptom: 1 to 10, 0 if absent and 10 being worst imaginable

v tiredness) that best describes your
'WORST level o fatigue during the past 24 hours
Fatigue
B2 0 1 e 1o 16 161617181 s1w]
(ABSENT) (WORST IMAGINABLE)
Gircle the one you have had with each of the
following symptoms during the past week
Filing up quickly when you eat (early satiety)
o | 1 | 2 | 3 | 4 | 5 | & | 7 | 8 | 8 | 10
(ABSENT) (WORST IMAGINABLE)
“Abdominal discomort
) 1 | 2 | 3 | 4 | 56 | & | 7 | 8 | 8 10
(ABSENT) (WORST IMAGINABLE)
Tnactivity
o | 1 1z ] s | 4|5 | e (le o]
{ABSENT) \V/ (WORST IMAGINABLE)
Problems
o | 1 | 2 | 8 | 9 | 1o
(ABSENT) (WORST IMAGINABLE)
A\
Night sweats
o | 1 | 2 | 3 | a s | 8 | 7 | 8 | 8 | 10
(ABSENT) n (WORST IMAGINABLE)
Tiching (prurtus) N
o | 1 | 2 | 3 | a4 | 5 | & | eN] 8 | o 10
(ABSENT) U (WORST IMAGINABLE)
Bone pain (dfifuse, notjeigt pain or arthritis)
o 1 3 4 5 6 7 8
(ABSENT) (WORST IMAGINABLE)
Fever (> 37.8°C or 100°F)
o | 1 ] 2 | 5 | a4 s | s | 7 |8 | s | 10
ABSET, TOATY)
4 | s | 8 | 7 | 8

|

(WORST IMAGINABLE)
To help you get a clear overall picture of how you are feeling, you T I:

can add up sllyour soores o caloulate your Total Symptom Soore. . 101812

You can also
neoplasms online at vwwspotiightonMPN.com

U5 NOVARTIS  Nevaris Pha
ST G402 Basel Switarand ©Novaris 2014 Mayaie N1

1. Emanuel RM, et al. J Clin Oncol. 2012;30:4098-4103.

P R ———

@ KNOW YOUR ' yame:
SCORE ..

Fill out the form below to track the burden of your symptoms.
Symptom: 1 to 10, 0 if absent and 10 being worst imaginable

Please rate your fatigue (weariness, tiredness) by circling the one number that best describes your
WORST level of fatigue during the past 24 hours

Fatigue
C2L v 121 s 14 16 161 71 8101w]
(ABSENT) (WORST IMAGINABLE)
Circle the how much you have had with each of the
following symptoms during the past week

Filling up quickly when you eaf (early satiety)

o | 1 | 2 | 3 | a4 | s | & | 7 | 8 | s | 10
(ABSENT) (WORST MAGINABLE)

~

“Abdominal discomfort

o | Al |z e e - | | 8 | 8 | 10
(ABSENT) (WORST IMAGINABLE)
Inactivity
(%™ @ 21 s 1« 16161710713 ]w]

(ABSENT) A4

[ T s

(WORST IMAGINABLE)

(@BSENT) (WORST IMAGINABLE)
ra
Night sweats \ !

o | 1 | 2 | & | | s | e | 7 | & | o | 10
(ABSE! (WORST MAGINABLE)
Tichi ftus)

0 | 1l 2 | 3 | a4 | s | & | 7 | 8 | 8 | 10
(ABSENT) (WORST IMAGINABLE)
'Bone pam difuse, not joint pain or arthriis)

[ 7 Yt | 2 | 3 | a4 | s | & | 7 | 8 | s 1
(ABSENTNS (WORST IMAGINABLE)
Fever (>#W5°C or 100°F)

[ ﬂ ‘| | 2 | 3 | 4 | s | & | 7 | 8 | 8 | 10
(@BSEm NI TOALY)
Unirter ‘welght Ioss last 6 months

o 1|2 | s [ e e G
(ABSENT), (WORST IMAGINABLE)

To help s g a lear overalpioture of how you are fesling, you 47 1
i i g ol goiarmaeras 1o audvilate your Totsl Symplar Soers:. TO LA

You
neoplasms online at www.spotightonMPN.com

) NOVARTIS  Novarts Pharma A6
ST G402 Bl Switerond © Novaris 2014 May20t NG00t
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&%) AtriumHealth §) AtriumHealth ~~ Comprehensive
Levine Cancer Wake Forest Baptist ~ Cancer Center

Classic Signs and Symptoms of MPNs
oo 1 H

10
W ET (N=874) w ET (N=874)
& PV (N=729) ? & PV (N=729)
80% 1 . MF (N=486) 8  MF (N=486)
3 & MPN Total (N=2089) 27 & MPN Total (N=2089)
© 60% - 2 6
E ]
o) (%]
8 E
£ ‘ | | S
> 40% - — o ‘ . 2 4 -
% w | £
Y
(o] u>'f 3 4
3 ; c
c 20% - - S 2
= s
g 7 -
e i i I I p
& 0% . B 0+ . R B e
S —J o c bl o o L b4
® E © 8 2 g o w =z g ® EE B & 3 8 o4 & %
2 8 8 £ &5 = g ) g =~ 88 &8 £ £ = s i)
£ 24 ° 51 g 8 s BT § 44 ° 1 % 8 g
w = S z = s W S =z
[ —
&
3
<

Geyer HL, and Mesa R A Blood 2014;124:3529-3537

Worst fatigue (one-item BFI)



What is MPN Symptom Burden in Patients vs. General Population?

MOSAICC Population Vs. Controls

Symptom
Weightloss 5 Fatigue Now
Fever ee  f _Fatigue Usual 24 Hours

Bone Pain e | 7 Fatigue Worst 24 Hours
Pruritus General Activity MPN Patients
(N =106)
Night Sweats Mood
Cough [— — Walking

Sexual Problems ——1 I Normal Work

General Population

Depression © | ~/ Relations Controls
(N =123)
Difficulty Sleeping " Enjoyment
Numbness : — N Satiety
Dizziness — | — Abdominal Pain

Concentration || —"Abdominal Discomfort
Headaches Inactivity

Image courtesy of Ruben A. Mesa, MD

Anderson et. al. ASH 2015



What do symptoms tell us about MPN Biology?

Mood Disorders
Anxiety over
Uncertainty

Cytokine Driven
Symptoms
Spleen/ Inflammation

% Mays Cancer Center

UT Health MDAnderson
SanAntonioc  GaneerCenter




A Baseline, Patients with Myelofibrosis vs. Healthy
Controls

V617F- V617F+

< =™
CEER AR RN PR LR L

S. Verstovsek, H. Kantarjian, R. Mesa, et. al. NEJM 2010;363:1117-27




Inflammatory Cytokines and Chemokines in the

MPNSs

Splenome
galy
IL1R
A

VCAM1 * 4 Ferritin

‘ Symptom '

TNFE-RII
Burden

TNF-RII

Disease
Advancement

Clonal
expansion
/blasts

Tefferi et. al. J Clin Oncol. 2011 Apr 1;29(10):1356-63.
Geyer et. al. Mediators of Inflammation 2015. 1-9.

Inferior
IP10 Survival

IL15




Fatigue

Cytokin
es

Sympto

Pathway s
m

Hypocortisolis
m

HPA Axis
Dysregulation

Cytopenias

Depressed
Mood

Cancer, vol. 92, no. 6, pp. 1684-1688, 2001.
Cancer, vol. 104, no. 4,pp. 788-793, 2005.
Brain, Behavior, and Immunity, vol. 21,no. 3, pp. 251258, 2007.
Cancer, vol. 106, no. 4, pp. 751-758, 2006.
[American Journal of Psychiatry, vol. 158, no. 8, pp. 1252-1257, 2001.



Abdominal Symptoms

Symptom

Category Symptom Pathways Cytokines

Splenomegaly, _
(Hematopoietic
I MIG, HGF, IL--RA
Abdominal Pain
| Abdominalpaie s
Thrombosis

[ 1] \\ IL- y TNFa
> Abdominal Abdominal -
Symptoms Discomfort .
Portal HTN PR hs-CRP and PTX;
Early Satie
T
Cytokine- Induced <
Nerve IL->mRN AandTNF
Hyperstimulation



Constitutional Symptoms

Overview Symptom Pathways Cytokines

Fevers

. .. IL-1, IL-2, IL-6, TNF-
Constitutional . Portal

Cancer Cachexia

I

Leptm, CD4oI.

o e R

mentioned

?
'

Splenomegaly/
Early Satiety

Appetite Loss



Microvascular Symptoms

ymptom q
%a tepgory Symptom Pathways Cytokines
i ,!;!' | Basophil and Mast Cell Leukotriene, Histamine,
= Activation, == B Tryptase
prostaglandin
_ Itching

Iron Deficiency Low Ferritin

Altered RANTES and Palx
Cognitive Neurotransmitter <
Microvascular Symptoms Function L1, TNF— a IL-6,and
e DizQ{eadaches,
AL S Blood Brain Barrier
changes, N/T, Permeability | B ILib
Vertigo)

Depression As detailed prior
Sexual <
Dysfunction Thrombosis i i

As detailed prior




What is Precise and Personalized Cancer
C are ? Communicatio

Molecular Features Social DOH Individual Health
of Factors
: : In Treatment

Geography

Employment Individualized
Financial | Supportive

Individual o Disease

Cultural - : impact
Value Factors Individualized Symptoms

In Treatment

/)

N7 . Wake Forest Universit
&) Atrium Health () Yk Forest Univeriy



MPNs — How did we get here?

 MPNSs pre 2005 — A Brief History
* Learning about MPN Biology

« (Goals and Targets

« ET

« PV

« MF

* Putting it all Together

s” AtriumHealth Wake Forest University

School of Medicine




Gap 2

Do we manage CV
risk well?

Gap 4

Predicting Progression and

what is adequate

National . . . )

comprehensive NCCN Guidelines Version 3.2022 e
N(el@f Cancer . .

Nstworks Essential Thrombocythemia

TREATMENT FOR HIGH-RISK ESSENTIAL THROMBOCYTHEMIA?

* Manage cardiovascular
;;IstNfT_lc)tors (see Adequate _ Continue
* Aspirin (81-100 mg/ « Monitor for new response treatment
High-risk day) ) thrombosis, acquired
(History of Preferred regimens for VWD, and/or disease-
throibosks cytoreductive therapy: related major bleeding
at any age; Hydroxyurea * Monitor response and Inadequate response
or, age — —» | signs/symptoms of or > See ET-4
>6’0 years Oth_er recommended disease progression Loss of response
with JAK2 FogInTOnS:1or (MPN-10; MPN-E 2 of 2)
mutation) cytoreductive therapy: every 3—-6 months or
Peginterferon alfa-2al more frequently as . Post-ET MF. see
(based on other patient- clinically indicated® k! Disease | MPN-2: Advanced
specific variables) progression_ > ’
to MF/AMLN | phase MF/AML,
ol i see MF-4
Anagrelide

Gap 1l Gap 3

Who needs
treatment vs Risk?

We need more
and better
treatments for ET?

Gerds, AT et al. J Natl Compr Canc Netw. 2022 Sep;20(9):1033-1062.

Y @AaronGerds E} Cleveland Clinic



MPNs — How did we get here?

 MPNSs pre 2005 — A Brief History
* Learning about MPN Biology

« (Goals and Targets

« ET

« PV

« MF

* Putting it all Together
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Gap 2

Do we manage CV
risk well?

Gap 4

Predicting Progression and

what is adequate
response?

National

comprehensive NCCN Guidelines Version 3.2022

ool Cancer .
Network® Polycythemia Vera

TREATMENT FOR HIGH-RISK POLYCYTHEMIA VERA?

Adequate g Continue
response " treatment

* Manage cardiovascular . P ial indicati Preferred regimens:

: « Monitor for new otential indications for ere reg
. R::;;?:t(g:s— -ﬁ)%e MPNH) | [ e riboals oF change f;f cytoreductive Clinical trial
« Phiebot t Go to page 52 b'eeding therapy. . or =

ebotomy (to midfitd « Monit * Intolerance or resistance Ruxolitinib" (category 1

hematocrit <45%)° onrtor response m for high-risk PV
Regimens for cytoreductive| | 2nd signs/ = hyc:rrr:;(yurea," 02r oc:' RSN,
therapy: symptoms Inadequate| |, ﬂeglr:he erf,m el 3- Other recommended

High-risk—|Preferred regimens: | of disease response ew thrombosis or disease- ! \
g Hvd ’ progression or related major bleeding _,jregimens: .

ydroxyurea (MPN-10; MPN-E > y ; * Frequent phlebotomy or Bopegmterferon alfa-2b-njft
gr interf lfa-2al 2 of 2) every r::so?\se intolerant of phlebotomy if not previously used
ofgm srieron &t -6 monthe ot P . gplenomggalt){‘ bocytosi ‘I-)I;droxyurea if not previously

more frequentl * Progressive thrombocytosis
Oth_er ref:ommended e clinicglly y and/or leukocytosis used
gg'?qn‘t f Ifa-2b-nift indicatedtK:! . Disease-_relatec_l symptoms or -
peginterferon alfa-2b-nj (eg, pruritus, night sweats, Peginterferon alfa-2al if not
for hiah-risk PV fatigue) previously used
Gap 3 Disease Post-PV MF, see MPN-2;
Ga P 1 progression »Advanced phase MF/AML,
Who needs b e e to MF/AML"! see MF-4

treatment vs Ri

sk?

and better
treatments for ET?

Gerds, AT et al. J Natl Compr Canc Netw. 2022 Sep;20(9):1033-1062.

y @AaronGerds

[} Cleveland Clinic



What is risk in PV?
* Risk of vascular event (Age >60, prior thrombosis)?
* Risk of progression to Post PV MF or AML?

* Risk of Death?

* How do we factor in symptomatic? Low risk but requiring

persistent phlebs? Not tolerating Phlebs?

& AtriumHealth
Arthur’s opinion Levine Cancer



CT Control

HCT %

I Medical Therapy I
I
I
| Unmet need
- — [ Quantification of quality of HCT Control
I

Patient 1 — Phlebs Alone |L Patient 2 — Medical Therapy

*Self-tested case

D AtriumHealth
Levine Cancer



MPN Progression

Blood Counts- Higher

Mutation Status

Bone Marrow Features

Spleen Size

Early Symptoms
Fatigue
High count symptoms

* Headaches

* concentration
ltching

Time?
Medicines?
Inflammation
?
Clonal
Progression
Fitness?

Prepared by the speaker

Blood Counts- Lower

Mutation Status
Additional

Bone Marrow Features
(Fibrosis, blasts, etc)

Spleen Size- Larger

Later Symptoms
Weight Loss
Bone Pain
Fever
Abdominal
Discomfort
Inactivity



MPNs — How did we get here?

 MPNSs pre 2005 — A Brief History
* Learning about MPN Biology

« (Goals and Targets

« ET

« PV

« MF

* Putting it all Together

s” AtriumHealth Wake Forest University

School of Medicine




JAK Inhibitor Landscape 2024

Ruxolitinib Ruxolitinib XL-otg
1L — MF, 2L PV Combinations

Fedratinib BMS-o11543
ME-1L

Pacritinib AZD-1480
MF (Low PLT)

LY-2784544
Momelotinib

MEF

NOW Approved

D AtriumHealth
Levine Cancer



Gap 2

s sl (el e Gap 4
transplant too late Predicting Progression and
in too many what is adequate
response’?
National . . .
comprehensive NCCN Guidelines Version 3.2022
\No@ll Cancer . .
rpcydR Myelofibrosis
TREATMENT FOR HIGHER-RISK MYELOFIBROSIS : - < i
. |Con5|der clinical trial
Not a transplant candidate'’ >or
Platelet39 Pacritinib®
potl XMOSIE Transplant_ |
— candidate'” > Allogeneic HCT
symptom Transplant Continue treatment
burden using candidate®K R and monitor
" esponse for di
Hiaherriski . |WPN-SAF TSS Monitor ROMBe—iF (lonCINGENS . o
igher-riski —» (MPN-10; response and PEOQrass
MPN-E 2 of 2 Ruxolitinib signs/ (MPN-10; MPN-E 2 of 2)
if t- d = {catagory 1) symptoms Clinical trial
if not done Nota or - of disease No oF
previously Platelets9 transplant —» | Fedratinib |—s|progression |, |response Alternate JAK inhibltor
eS0TI candidate (category 1) (MEN-10; or —|not used before and
o . MPN-E 2 of 2) Loss of monitor for disease
Clinical trial every 3:% responsed progression®.e.f:m
Gap 3 months® (MPN-10; MPN-E 2 of 2)

Not a transplant candidate
and symptomatic? anemia > See MF-3
only

JAKi are helpful

Gap 1l

but how do we
optimize and
which agent

when?
Gerds, AT et al. J Natl Compr Canc Netw. 2022 Sep;20(9):1033-1062.

Disease —» Advanced-stage MF/

Who needs progression? AML (See MF-4)

treatment vs Risk?

Gap 5

How do we get to deeper
and broader impact?

Y @AaronGerds E] Cleveland Clinic



NCCN Guidelines

Treatment for Higher-Risk Myelofibrosis

Clinical trial
Not a
transplant 2l ..
candidate Preferred: pacritinib (cat 1)
(or transplant or
. . not currently = Other recommended: momelotinib (cat 2B)
Higher-risk MF PLT feasible)

MIPSS-70: = 4 <50 x 109/L
MIPSS-70+ v2.0: =2 4

DIPSS-Plus: > 1

DIPSS: > 2

MYSEC-PM: = 14

Continue treatment

Transplant :
condidate Allogeneic HCT Response —» and monitor for PD

Assess symptom burden

using PLT Not a w . _ « Clinical trial
ncllﬂtfj'(\)léseAFre.l\-/iSoSugl 250 x 10°L transplant C“mgil tral nl\allsopn(:::)s; :le(;ponse -
p y candidate e — and signs/ o loa o — . Altgrpate JAK
(or transplant not Ruxolitinib (cat 1) symptoms of inhibitor not used

response before (cat 2B for

currently or disease
pacritinib) and

feasible) with — Fedratinib (cat 1) progression :
symptomatic or as clinically monitor for PD
splenomegaly mf indicated
and/or Momelotinib (cat 2A)
constitutional or
symptoms Pacritinib (cat 2B) PD Accelerated/blast

phase MPN

Cat, category; HCT, hematopoietic cell transplantation; MYSEC-PM, Mysec Prognostic Model; NCCN, National Comprehensive Cancer Network; PD, progressive disease; PLT, platelet.
NCCN. Myeloproliferative neoplasms (v1.2024). 2023. Accessed May 30, 2024. https://www.nccn.org/professionals/physician_gls/pdf/mpn.pdf

These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.



Case for Transplanting Earlier in Myelofibrosis

FACT 1: Ideal time for transplant is probably
pre-progression

FACT 2: Medical therapy both pre-transplant
and post-transplant likely future state

FACT 3: Delaying transplant likely increases
transplant risks and poor outcomes

FACT 4: The patient's medical wishes are
crucially important in this decision

These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.



NCCN Guidelines

Treatment for Higher-Risk Myelofibrosis

Clinical trial
or

Not a

transplant .
candidate Preferred: pacritinib (cat 1)
—
(or transplant or

not currently Other recommended: momelotinib (cat 2B)
feasible)

Higher-risk MF PLT
MIPSS-70: 2 4 <50 x 10°/L \
MIPSS-70+ v2.0: 2 4

DIPSS-Plus: > 1
DIPSS: > 2 UG AL A ||ogeneic HCT

Continue treatment

Response —- L )

MYSEC-PM: > 14 candidate
Assess symptom burden
using PLT Nota Clinical trial Monit Clinical trial
MPN-SAF TSS if > 50 x 10%/L transplant Il omitor, No or
not done previously candidate or I andpsigns/ response Alternate JAK
(or transplant not Ruxolitinib (cat 1) symptoms of or loss of inhibitor not used
currently or disease response before (cat 2B for
feasible) with —> Fedratinib (cat 1) progression pacritinib) and
symptomatic or as clinically monitor for PD
| | .. indicated
sp e::;‘:?a ¥ Momelotinib (cat 2A)
constitutional ok Accelerated/blast
Pacritinib (cat 2B PD
symptoms ( ) phase MPN

NCCN. Myeloproliferative neoplasms (v1.2024). 2023. Accessed May 30, 2024. https://www.nccn.org/professionals/physician_gls/pdf/mpn.pdf

These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.



JAK Kinase Inhibition for Myelofibrosis

JAK Inhibitor

Ruxolitinib!'2]

Fedratinib®+

Pacritinib!®

Momelotinib®7]

2011 (FDA); 2012 (EMA)

2019 (FDA); 2021 (EMA)

2022 (FDA)

2023 (FDA); 2024 (EMA)

FDA: Intermediate- or high-risk MF,
including PMF, post-PV MF, and
post-ET MF in adults

EMA: Disease-related
splenomegaly or symptoms in
adults with PMF, post-PV MF, or
post-ET MF

FDA: Adults with intermediate-2 or
high-risk primary or secondary
(post-PV or post-ET) MF

EMA: Disease-related splenomegaly
or symptoms in adults with PMF,
post-PV MF, or post-ET MF who are
JAK inhibitor-naive or have been
treated with ruxolitinib

FDA: Adults with intermediate- or
high-risk primary or secondary
(post-PV or post-ET) MF with a
platelet count < 50 x 10%/L

FDA: Intermediate- or high-risk MF,
including PMF or secondary
(post-PV and post-ET) MF in adults
with anemia

EMA: Disease-related splenomegaly
or symptoms in adults with moderate
to severe anemia who have PMF,
post-PV MF, or post-ET MF who are
JAK inhibitor-naive or have been
treated with ruxolitinib

JAK1, JAK2

JAK2, JAK1, FLT3, BRD4, TYK2

JAK2, IRAK1, FLT3, ACVR1

JAK1, JAK2, ACVR1

Avoid CYP3A4 inhibitors; dose
adjustments may be needed

Avoid CYP3A4 inducers; reduce
dose 50% with strong
CYP3A4 inhibitors

Avoid CYP3A4 inducers

Avoid OATP1B1 inhibitors; dose
adjustments may be necessary;
rosuvastatin (BCRP substrate) start
at 5 mg and do not increase to > 10
mg once daily

Avoid abrupt discontinuation

BCRP, breast cancer resistance protein.
1. Ruxolitinib [PI]. Approved 2011. Revised January 2023; 2. Ruxolitinib [P1]. EMA. Published October 4, 2012. Updated April 15, 2024; 3. Fedratinib [PI]. Approved 2019. Revised May 2023;

4. Fedratinib [PI]. EMA. Published March 3, 2021. Updated January 12, 2024; 5. Pacritinib [PI]. Approved 2022. Revised August 2023; 6. Momelotinib [PI]. Approved 2023. Revised September 2023;
7. Momelotinib [PI]. EMA. Published February 8, 2024.

Wernicke encephalopathy in
early studies

Cardiovascular events and bleeding
in early studies

Dose adjustment needed if severe
hepatic impairment

These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.



NCCN Guidelines

Management of Myelofibrosis-Associated Anemia

Symptoms Preferred regimen
currently = Clinical trial
Presence of controlled Other recommended regimens:
symptomatic on a JAK * Ruxolitinib combinations
splenomegaly - « Add luspatercept-aamt
and/or inhibitor - Add ESAs (if serum EPO < 500 mU/mL)
constitutional * Add danazol
MF with anemia symptoms Useful in certain cwcum_st_ances:
Assess for and Symptoms = Switch to momelotinib

treat coexisting currently * Switch to pacritinib
causes of anemia NOT
(bleeding, controlled
nutritional
deficiencies,

Preferred regimens
= Clinical trial

Preferred regimen = Momelotinib

hemolysis) Otht(e:r“r:elgcajmlr\egnded regimens: Other recommended regimens
Absence of Luspatercept-aamt . Pacrlt!rllb. ..
symptomatic ESAs (if serum EPO < 500 mU/mL) . Rlx((ﬂl:mlb combinations
Danazol uspatercept-aamt
Sple:r?g;s?aly Momelotinib Add ESAs (if serum EPO < 500 mU/mL)
o Pacritinib Add danazol
constitutional Useful in certain circumstances:
symptoms » Lenalidomide + prednisone for del(5q)

del, deletion; EPO, erythropoietin; ESA, erythropoiesis-stimulating agent.
NCCN. Myeloproliferative neoplasms (v1.2024). 2023. Accessed January 2, 2024. https://www.nccn.org/professionals/physician_gls/pdf/mpn.pdf

These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.



Targets of Novel
Therapeutic
Agents in
Development
for Myelofibrosis

Chifotides HT, Bose P, Masarova L.
Pemmaraju N, Verstovsek S. Clin.Lymph.
Myeloma Leuk. 2022; 22(4):210-223.
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MPNs — How did we get here?

» Putting it all Together
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We lack effective early We have curative We have too few

detection approaches to | therapies that come at methods to prevent
diagnose many types of the cost of serious side pancat
cancer. effects. )

We have stark

We leave toomany  Cancer as we know ittoday | inequities in
patients and diagnosis,

families to navigate ® JO ® ¢ 00 treatment and trial
“ |. Wl‘p\m

the disease on access, and patient
outcomes, based

their own. on race, region and
| resources. |
Cancer kills 600,000 people per year — '
in the United States, including close We have limited success in
to 1,800 aged 19 and under. some of the toughest to treat

and rare cancers.




A Team Based Approach for Care

Helping Cancer Patients RISE Beyond Their Cancer!

CANCER MEDICAL SPECIALTIES
Cardio-Oncology
Onco-Nephrology
Optho-Oncology
Palliative Medicine
Survivorship Clinics
Endocrine
Medical Management Clinic

PATIENT & CAREGIVER SERVICES
Nutrition
Genetic Counseling
Psycho-Social Support
Social Work
Transportation
Holistic Support Programs
Financial Counseling

= Tweet
g Jill Biden &
, @FLOTUS
V United States governme...

Cancer touches us all.

18:21-2/23/22 -

290 Retweets 25 Quote Tweets



Standardizing MPN Data Collection

Pre-MPN History
* Complete Demographics

e Co-morbidities

* Meds

* Fam Hx

* Prior Events/ Symptoms

MPN Presentation
e Labs/ Exam
* MPN SAF
*  Marrow and NGS

MPN Course
Meds/ Toxicities (inc S)
Events
Serial Labs/ MPN SAF
Repeat Marrow NGS

Outcomes
Events
Progression
Co-Morbidities
Mortality




What is Precise and Personalized Cancer Care?

Communication
Social DOH
Health Literacy

Molecular Features of
Disease
-Multi-Omic
-Dx, treatment, survivorship

Individual Health Factors

In Treatment
Planning?

Geography

Employment Individualized Supportive
Financial Pressures ‘ | Care Needs?
4

Individual Cultural

Value Factors - : : e Symptoms
In Treatment Individualized Survivorship? QoL?

Planning?

Disease impact

A,
S

: Wake Forest University
Atrlum Hea |th School of Medicine




The Race (with No Finish Line)

Surgery

Medicines \ Transplant

\

Family Nutrition

Exercise

Spirituality



MPN Patient Community

MPN Group Focus Website

MPN Research Foundation RES-ED-ADV www.Mpnresearchfoundation.org
Leukemia and Lymphoma RES-ED-ADV www.lls.org

Society*

MPN Advocacy & Education ED-ADV www.mpnadvocacy.com
International®

MPN Education Foundation* ED-COMM www.mpninfo.org

AAMDS Foundation ED www.aamds.org

MPN Voice ED www.mpnvoice.org.uk

MPN HUB* ED www.mpn-hub.com

MPN Advocates Network ED-ADV www.mpn-advocates.net

Global MPN Scientific RES-ED-ADV www.gmpnsf.org

Foundation*

MPN Forum Facebook Group ED-COMM https://www.facebook.com/groups/ou

rmpnforum/

Wake Forest University
School of Medicine

A,
S

Atrium Health



http://www.mpnresearchfoundation.org/
http://www.lls.org/
http://www.mpnadvocacy.com/
http://www.mpninfo.org/
http://www.aamds.org/
http://www.mpnvoice.org.uk/
http://www.mpn-hub.com/
http://www.mpn-advocates.net/
http://www.gmpnsf.org/
https://www.facebook.com/groups/ourmpnforum/
https://www.facebook.com/groups/ourmpnforum/

Questions?

D AtriumHealth
Levine Cancer



