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= Shared features:

= Ineffective differentiation and low blood
counts

= Clonal expansion of abnormal cells
= Risk of transformation to acute leukemia

A heterogeneous clonal hematopoietic
disorder derived from an abnormal
multipotent progenitor cell

Characterized by a hyperproliferative
bone marrow, dysplasia of the cellular :
elements, and ineffective hematopoiesis = Afflicts 15,000 - 45,000 people annually

MDS is a Cancerl!ll = Incidence rises with age (mean age 71)
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MDS Staging:
Epidemiology
Cross-sectional analysis of 4514 MDS patients in the U.S. in 2005-7

85%
Age (Median) Newly diagnosed 71years . !
“De novo” lonizing r: i n
Established 72 T (idiopathic, primary) DNA alkylating agents (etoposide, anthracyclines,
Y

(chlorambucil, melphalan, etc.)
cyclophosphamide, etc.)
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Sex (Mean) Male (Newly diagnosed) 550
(Established) 51-57%

Duration of MDS
(Median)
MDS Status

C Cremonemn| 5

Secondary
Cause

88 — 93%
7-12%

Radiation 6—21%

Chemical exposure 2-9%

Sekeres et al. J National Cancer Inst 2008;100:1542

MDS Staging:
Epidemiology

AGING
Exposure to DNA alkylating agents
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Inborn

Fanconi anemia

Familial Platelet Disorder with AML

(c

Exposure to i I

Predi: ition (“FPD-AML”) (RUNX1,
GATA2 mutant

(etoposide, anthracyclines)

Exposure to ionizing radiation

Environmental / occupational
exposures (hydrocarbons etc.)

Antecedent acquired
hematological disorders

Aplastic anemia (15-20%)
PNH (5-25%)

Slide by Dr. David Steensma

MDS Staging:

(M syndrome: monocytopenia,
B/NK lymphopenia, atypical
mycobacteria and viral and other
infections, pulmonary proteinosis,
neoplasms)

Other congenital marrow failure
syndromes or DNA repair defects
(Bloom syndrome, ataxia-
telangiectasia, etc.)

Familial syndromes of unknown origin
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Median age ~71 years;
increased risk with aging

N>

-
years
p
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MDS Staging:
Diagnosis

Aplastic Anemia

\/

Paroxysmal
Nocturnal
Hematuria

MDS Staging:
Diagnosis

Fanconi
Anemia

Myelodysplastic
Syndromes (MDS)

Peaks 5-7 years Peaks 1-3
P

UVA Cancer Center
1 Caccer Conces

Acute Myeloid
Leukemia (AML)

Myeloproliferative
Neoplasms

UVA Cancer Center

For MDS diagnosis, you will need:

thonal . .
s NCCN Guidelines Version 2.2019 Bone Marrow Aspirate/Biopsy
Myelodysplastic Syndromes Complete Blood Count with white cell differential
“HAP .
A :
Fillinon  Smemeescumichcismen e oo s 10 1 i Karyotype (chromosome analysis)
+ Bone marrow aspiration with Iron stain + blopsy + cytogenetics by standard  established based 7T
Karyotyping" ‘on morphologic, = Classification
+ Serum erythropoietin (priof 1o red blood cell [RBC] transfusion) © ie.and  (pe.o)
< RC folete, serum 8. - ac clinical criteria™ Add itio ” .
i o Bt eona vy nc)
By Adaitionally:
. )
suspect ~+ «Lactate dehydrogenase. n.pm(
yslodysplasia®  + Consider genetic tesinfo Somatic mutation (e, acquired mutatons)in MDS FISH p anel and Flow cytometry
+ Consider additional molecular and genetc testing for hereditary hematologic e O, . .
malignancy prcisposiion i  subse ofpalents,particuary nyounger  Dlagnoste Beptorinmol Genetic Testin g
« HIV testing if clinically indicated ot —= Hematopoietic
ider evaluation of copper deficiency in patients with Gl malabsorption,  but cytopenias Disorders
‘severe mainutrition, gastric bypass surgery, or patients on zinc present (MDS-D)
=
« Comidr distinction from congenital sideroblastic anemia (CSA)' ¥




MDS Staging:
Diagnosis
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openia(s): MDS “decisive” criteria:

* >10% dysplastic cells in 1 or more lineages,

Hb <11 g/dL, or o

ANC <1500/pL, or

Platelets <100 x 10°L  5-19% blasts, or
* Abnormal karyotype typical for MDS, or

 Evidence of clonality (by FISH or another
test)

Other causes of cytopenias and morphological changes EXCLUDED:
Vitamin B12/folate deficiency
HIV or other viral infection
Copper deficiency
Alcohol abuse
Medications (esp. , recent chi
Autoimmune conditions (ITP, Felty syndrome, SLE etc.)
Congenital syndromes (Fanconi anemia etc.)
Other h: I | disorders (aplastic anemia, LGL disorders, MPN etc.)

Valent P et al Leuk Res 2007;31:727-736.
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NCCN Guidelines Version 2.2019
Myelodysplastic Syndromes

2016 WHO CLASSIFICATION OF MDS*!
Subtype. [iood Bone Marrow
MDS with single lineage dysplasia (MDS-SLD)® | Single or bicytopenia

Dysplasia in 210% of one cell line, <5% blasts

2ot -mnn»u precursors wiring sideroblasts,

MDS with ring sideroblasts (MDS-RS) | Anemia, no blasts. Pl abamf e Lot
Cropeniat) w-pu =10% of cells in 22 hematopoletic lineages,

DS with multilineage dysplasia (MDS-MLD) | SYPRERRISL <15% ring ummbl:m {or <% ing sderoblasts f SFIB1

mutation present), <

Cytopeni

MDS with excess blasts-1 (MDS-EB-1) 2 e basts, <t x 107, | Uniineage or maltiineage dysplasio. 5%-0% blasts,
oy 1o Auer rods

MDS with excess blasts-2 (MDS-EB-2) 5%-19% blasts, <1 x 10%L | SRLOEA0S < Sfoplabia; 10X19% bastsy
monocytes

Cytopenias, £17% blasts on ge dyspl
at least 2 occasions cytogenetics, <5% blasts
Anemia, piatelets normal | Unilineage erythrold dysplasia, isolated el(5q), <57% blasts &
or increased one other abnormality except -T/dei(7q)

MDS, unclassifiable (MDS-U) o dysplasia but

MDS with isolated del(5a)

Refractory cytopenia of childhood

(Provisional WHO category) Cytopenias, <2% blasts

Dysplasia in 1-3 lineages, <5% blasts.

MDS Staging: IPSS
Survival

o Survival
100

Low 267 pts
Int-1 314 pts
Int-2 179 pts
High 56 pts

Survival

NSCLC
Survival

Iy
B
A
8
WA 26283175
e
W 262712151

Greenberg P, et. al. Blood
1997:89:2079-88.

Detterbeck et al. Chest 2009;136:260.

Survival, Years
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Milestones in MDS Characterization & Treatment

FAB IPSS IWG FDA WHO
Criteria

Low grade: k
RA, RARS

High grade:
cMML

High risk

1982 1997 2000 2001

MDS Staging:

Prognosis

Approval Revision Refinement

Reclossified | |- idine
1L | Lenalidomide

| Decitabine mutations

2004-2005 2008 011-12

IPSS

Calculation of Prognostic Score

Score

BM Blast %
Cytogenetics
Cytopenias

[} 0.5

<5 5-10
Good Intermediate  Poor
o 2/3

Estimation of Prognosis

Overall Score

[}
0.5-1.0
1.5-2.0

>2.5

IPSS Subgroup

Low
Intermediate-1
Intermediate-2

High

Cytopenias: ANC < 1.5, HGB < 10.0, PLT < 100,000
200),NI]; Intermediate Risk: [8+,other]; Poor Risk: [Chr. 7 abn, >3 abn]

Good Risk: [-Y,del(5q), del(:

Greenberg P, et. al. Blood 1997:89:2079-88.

MDS Staging:
Cytogenetics

IPSS-R

UVA
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WHO
Revision

[ Gene mu

2016

Median Survival (Years)

Abnormality
Prognostic

Overall survival

Wedian
SUbgOWD e Double  Complex 1 (%) mrg{.s;%%cn g’g% o
veygood B9 909 GSEIINR  05007)+
Normal
Good (ref) ﬂﬁg’m P . 1900 657) 4861446543 1000813
deli20g)
()
r
mermediate 410 i S9(182) BO@ING 1601418
Any other
Ind. clones
Poar ) %u_ 3an MB(B4)  1BE(2080) 2602033+

Very poor

147 (6.8)

59(4969)

42(3453)+

Schanz et al. JCO 2012;30:820-9.



MDS Staging: IPSS-R
Prognostic Score
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Greenberg et al. Blood 2012;120:2454-65.
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MDS Staging:
Prognosis
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Bone Marrow Fun M

Observation Lenalidomide
Azacitidine
Epo/G-CSF
Decitabine
Investigational

o 5/7,7q
Azacitidine Complex

Decitabine
Investigational
Intensive Chemotherapy
RIC SCT - Full Ablative

MDS: -Risk
Treatment Algorithm

UVA Cancer Center

Patient diagnosed with lower-risk MDS per
IPSS (score £1.0) or IPSS-R (score <4.0)
No transfusion needs,
good quality of i Isolated | cytopenia Multiple cytopenias

Observe, follow blood Start anti-thymoeyte
counts every -6 months ‘globulin or
depending on stability Ancmia (Heb <10 g/dl Thrombocytopenia hypomethylating
andlor transfision - (<20KL or <SOKL agent or enroll inio
dependent), with blecding) clinical rial
symptomatic

|

Starterythropoiesis Start thrombopoietin
stimulating agent or agonists® or platelet
blood transfusions ransfusions or enroll

into clinical trial

No response, loss of l No response or l

response, or del(5q) oss of response
eytogenetic abnormality

Start lenalidomide or Start
enrollinto clinical hypomethylating
rial agent or enroll into
clinical trial

Sekeres and Gerds Hematology 2014.
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MDS Prognosis Made Easy!!!
= Lower Risk

= RA, RARS

= RCMD, RCUD

= MDS-U, MDS del (5q

= IPSS Low, Int-1 (0-1.0); IPSS-R V. Low, Low

gher Risk

= RAEB (-1, -2)

= IPSS Int-2, High (> 1.5); IPSS-R High, V.
High

MDS: Overview @, Ui | YvACancerCenter

Epidemiology and “Staging”
Treatment of Lower-risk Disease
Treatment of Higher-risk Disease
Clinical Trials and Future Directions
Conclusions

MDS: -Risk
Treatment Algorithm
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Patient diagnosed with lower-risk MDS per
IPSS (score <1.0) or IPSS-R (score <4.0)

No transfusion needs,
good quality of i Isolated | cytopenia Multiple cytopenias

Observe, follow blood Start anti-thymoeyte

counts every 1-6 months ‘globulin or

depending on stability ia (Hgh <10 g/dl
andor transfusion - (<20K/L or <S0K/L agent or enroll into

dependent), with bleeding) clinical trial
symptomatic

|

Start erythropoiesis Start thrombopoietin
stimulating agent or agonists* or platelet
blood transfusions transfusions or enroll

into clinical trial

No response, loss of No response or
response, or del(5q) loss of response
eytogenetic abnormality

Start lenalidomide or Start
enroll into clinical hypomethylating
rial ‘agent or enroll into
clinical wial

Sekeres and Gerds Hematology 2014.
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Anemia tropenia Thrombocytopenia

Packed Granulocyte Platelet
red blood cells transfusion transfusion

Adverse effects due to Laborious, Transfusion reactions,
immune mechanisms short-lived effect, HLA sensitization

Iron overload not widely available,

Volume overload Clinical utility unproven

MDS: -Risk
Treatment Algorithm

RGINIA
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Patient diagnosed with lower-risk MDS per
IPSS (score <1.0) or IPSS-R (score <4.0)

No transfusion needs,
good quality of | Isolated | cytopenia Multiple cytopenias

Observe, follow blood Start anti-thymocyte
counts every |-6 months > globul
depending on stability Anemia (Hgb <10 g/dI Thrombocytopenia hypomethylating
and/or transfusion - (<20Kk/L or <SOK/L. agent or enroll into
pendent), with bleeding) clinical trial
symptomatic

Start erythropoiesis Start thrombopoictin

stimulating agent or agonists* or platelet
blood transfusions transfusions or enroll

into clinical trial

N desaol I
response, or del(5q) loss of response
cytogenetic abnormality

Start lenalidomide or Start
cnroll into clinical hypomethylating
trial agent or enroll into
clinical trial

Sekeres and Gerds Hematology 2014.

MDS: -Risk
ESA Patient Selection

Sco” Good response
(74%, n=34)
Sre L

NIVEE
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Scor Poor response
(7%, n=29)
Treatment Response Score

<100

100-500

>500

<2 units/m

= or >2 units/m -2

Hellstrom-Lindberg E et al. Br J Haematol. 2003;12
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Epoetin alfa (Procrit ™)

Red cell growth factors
Medicare only pays for these if Hb <10 g/dL Safety
concerns in solid tumors, not (yet) in MDS

i,
Darbepoetin alfa (Aranesp ™)
Filgrastim, G-CSF (Neupogen ™)
<
i,

White cell growth factors
No survival benefit but may help decrease infx.
Sometimes combined with red cell factors

Pegfilgrastim (Neulasta ™)

B Romiplostim (NPLate ™)
L Eltrombopag (Promacta ™)

Platelet growth factors
New; risks still being defined in MDS Reports of
increased blasts in a few patients
Only FDA-approved for immune thrombocytopenia and AA

MDS: -Risk
ESA Response Rate

UVA Cancer Center
NCrDezignorea Cancer Cencer

[
i

N = 1587 (1985-2005) IWG response Duration of

response

Patients  Response (median months,

CR/PR HI-E
(%) rate range)

91 668 ) 18 (1-116)

61 17 (1-93)
19 (2-62)
6 (1-18)
24 (1-116)
3 (1-6)

ESAs RR ~40%

Golshayan et al. BrJ Haem 2007;137:125.

MDS.: -Risk
ESA Patient Selection

UVA Cancer Center

MDS < RAEB-1, hgb < 9.5, plt >30,000, Fe
RR 34% for ESAvs. 5.8% SC p=0.001
Crossover allowed after 4 months

No difference in Leukemic transformation
Responders lived longer than non-responders

Greenberg P, et al. Blood. 2009;114:2393.
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Patient diagnosed with lower-risk MDS per
IPSS (score £1.0) or IPSS-R (score <4.0)

No transfusion needs,
good quality of I

Isolated | cytopenia Multiple cytopenias

Observe, follow blood
counts every 1-6 months.

Start anti-thymocyte

depending on stability Ancmia (Hgb <10 /! “Thrombocytopenia hypomethylating
andlor transfision - (<20K/L or <SOKL agent or enroll inio
dependent), with blecding) clinical rial
symptomatic:
Start erythropoiesis Start thrombopoietin
stimulating agent or agonists® or platelet
blood transfusions ransfusions or enroll

into clinical trial

No response, loss of
o

No response or
i f response
eytogencff€TD
Start lenalidomide or Start
enrollinto clinical hypomethylating
rial agent or enroll into
clinical trial

Sekeres and Gerds Hematology 2014

MDS: -Risk RS | uvAcancerCenter
Lenalidomide in del(5q) e

RBC-TL u (%) [05% CT]

Placebo Lenalidomide 5mg  Lenalidomide 10 mg

mITT population n=>51 n=47 n=41
Protocol defined (~ 26 weeks)  3(59)[12-162]  20(42.6) [283-578]F 23 (56.1) [39.7-71 5]*
TWG 2000 (= § weeks) 4(78)[22-189] 24 (SLI)[36.1-659] 25 (61.0) [44.5-75.8]*

WG 2006 (> 8 weeks) 3(59)[12-162]  24(5L1) [36.1-65.9] @ 75

RBC Tlin 61%

Fenaux et al. Blood 2011;118:3765-76.

MDS -Risk
Lenalidomide in Non-del(5q)
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Variable Daily Dose | 21-Day Dose All Patients
N =214

Erythroid response, n (%) 41 (41) 51 (45) 92 (43)
Transfusion Independence 26 (26) 30 (26) 56 (26)
Median Hgb change (g/dl) 1) &z 3.2

Range (1.5-9.2) (1.0-9.8) (1.0-9.8)

Time to initial response,
weeks

Median
Range

RBC Tlin 26%
Raza et al. Blood 2008;111:86.

12/19/2018

MD -Risk
Lenalidomide

UVA Cancer Center

s

MDS-001
N =43
Phase I/ll initiated Feb 2002

Non del 5q
MDS-003 MDS-002

N =148 N =214
Phase Il initiated July 2003 Phase Il initiated July 2003

MDS-004
N =205
Phase Ill initiated Jul 2005

MDS: -Risk FARGiSiA | UVACancerCenter
Lenalidomide in del(5q) .

Median Duration Tl =2.2 years

Percent Responding

2 K]
Years

List et al. Leukemia 2014;28:1033.

MDS: -Risk
Lenalidomide in Non-del(5q)

UVA Cancer Center

Median duration TI: 41 weeks

Transfusion Independent (%)

75 100
Time (Weeks)

Raza et al. Blood 2008;111:86.
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Lenalidomide Summary

*  MDS-004/005 confirmed results of MDS-003/002(2.2!
M DS-002/003 : Treatment-Related — Efficacy of 10 mg comparable between studies
Adverse Events * Transfusion independence by IWG (61% vs 67%)
— MDS-004 supports 10 mg as appropriate starting dose

* Higher Tl for 10 mg
* Mean duration of Tl: 106 wks

Neutropenia * Greater proportion of cytogenetic responses vs 5 mg (41% vs 17%)
* No significant differences in hematological toxicity

Rash — The rate of transformation to AML is comparable to the literature

MDS-002/005 provided evidence that lenalidomide could be a choice for anemia
Fatigue treatment in lower-risk non-del(5q) pts with adequate platelets and neutrophil
countf34]

Lenalidomide mechanism of action is karyotype dependent, suppressing the
clone in del(5q) and promoting erythropoiesis in non-del(5q)!
List AF, et al. N Engl J Med. 2006;355:1456-1465.

. QR e 2011;118 . ListAF, 5:1456-1465. 3. List NEngl J
Raza A, et al. Blood. 2008;111:86-93. . 2 Razas, et al Blood. 20 % o = 49‘

MDS: -Risk
TPO Agonists

MDS: -Risk
Treatment Algorithm
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Patient diagnosed with lower-risk MDS per
IPSS (score <1.0) or IPSS-R (score <4.0)

26-Week Test Trealment Period 24-Week Extended Treatment Period

No transfusion needs,

good quality of | Isolated | cytopenia Multiple cytopenias )
Rl N
Otses, llw lood St oy o A Romiplostim E Romiplostim %
counts cvery 1-6 months - or N
depioxiing oa stabili “Ancmia (Hgb <10 gl Thromb hypomethylatin _ R|+| 750 mog weekly + standard of |—Blsf
ikl [ oot | | ssooremeltino &l |B[7| 750 mog weekly (N =160) [} care (N = 160) ld
pendent), with bleeding) clinical trial E Of M
symptomatic EL "Iﬂ B ? A
Mz M of |5
N T Placebo weekly + standard of | IS
& (N = B, | Placeboweekly + standardof | IS| |¢
Start erythropoiesis Start thrombopoietin 6_' Placebo weekly (N = 80) I care (N = 80) Yo
stimulating agent or agonists* or platelet N O S
blood transfusions transfusions or enroll P
into clinical trial $

Week 1 Week 26 Week 30 Week 54 Week 58
No IP NoIP

No response, loss of .)
response, or del(5q) response J’

eytogenetic abnormality
Start lenalidomide or Start
cnroll into clinical hypomethylating
trial agent or enroll into
clinical trial

Sekeres and Gerds Hematology 2014.

Giagounides et al.

Cancer 2014;120:1838.

[ ’\‘\ltl\vl\ Y
VIRGINIA

MDS: -Risk
TPO Agonists ARG
58 Weeks of Follow-Up

MDS: -Risk
TPO Agonists

Baseline platelets Baseline platelets Deaths 17.9% (30) 20.7% 0.8 0.47,
< 20x10°/L °) (17) 1.56
Placebo Romiplostim Placebo AML 6.0% (10) 4.9% (4) 1.20 0.38,
(N=43) N (N =40) 3.84
CSBE (ratef100 p-yr) 5012 514.9 2264 AML-_free 19.6% (33) 23.2% 0.85 0.48,
survival (19) 1.50
RR =1.03, p = 0.827 RR = 0.35, p<0.0001 w0 o,
PTE (rate/100 pt-yr) 1778.6 1250.5 179.8 251.8 _ us = "‘""'qn_-
© o
RR =0.71, p<0.0001 RR =1.38, p =0.1479 ; - = L.f:,‘
5 s -l
n s
02 .
23
. . w8 v
Giagounides et al. 25 .
Giagounides et al. Cancer 2014;120:1838. Cancer <a ' ‘Time(Months) * " *
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MDS patients
treated with
romiplostim

HI-P: Development Cohort

Baseline TPO:
<500 pg/ml —+2
2500 pg/ml ——3

Prior platelet

Response Rate
Score +3
(N=69) SIS
Score -1, -2 @
(N=T71)

<6 units—+1
26 units—+—3

MDS: -Risk
Treatment Algorithm

[NIVE I

VIR 1A
Hisar Svsmian
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Patient diagnosed with lower-risk MDS per
IPSS (score <1.0) or IPSS-R (score <4.0)

No transfusion needs,
g0od quality of

Observe, follow blood
counts every 1-6 months

Isolated | cytopenia

Multiple cytopenias

Start anti-thymocyte
‘lobulin or

depending on stability ia (Hgb <10 g/dl

and/or transfusion -
dependent),
symptomatic

(<20K/L or <SOK/L.
with bleeding)

agent or enroll into
clinical trial

l

|

Start erythropoiesis
stimulating agent or
blood transfusions

Start thrombopoietin
agonists* or platelet
transfusions or enroll

into clinical trial
No responsc or
loss of response

Start lenalidomide or Start
enroll into clinical hypomethylating

rial ‘agent or enroll into

clinical wial

response, or del(Sq)
eytogenetic abnormality

No response, loss of l

Sekeres and Gerds Hematology 2014.

Sekeres et al. Br J Haematol 2014;167:337.

NTVERSITY
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Age is the strongest variable for IST responselt2]

Treatment Arm

BSC [n - 43) — Pathogenetic difference in MDS of younger adults
Responses are durable and may modify adverse effect of
RBC-TI on OS2
Karyotype may influence IST response and disease biology
— Low frequency of IST response in del(5q)/2
— High response rate in trisomy 863!

« NIH 8/17 (47%)

« WT1 amplification with specific cellular response

« Autoimmune hematopoietic suppression may select for +8
expansion

Measurs ATG+CSA In = 45)

No treatment, No. of patients™

Crossed over 1o ATG+CSA, No. of patients

Hematologic response ICR+PR] by 3 months
No. of patients

Hematologic rasponse {CR+PR) by 6 monthst
No. of patients
%
Hematologic response [CR+PR-+HI} by 6 months
(IWG critaria]t+
No_ of patients
%

Median response duration, menths 6.4 (2relapses)

IWG RR = 31%
Median Duration = 16.4 Months

1. Saunthararajah Y, et al. Blood. 2002;100:1570-1574.
2. Sloand EM, et al. J Clin Oncol. 2

Passweg et al. JCO 2011;29:303.
3. Sloand E, et al. ASH 2004. Abstract 1.

Komrokji et al. Haematologica 2014;99:1176.

INIA
1w

-Risk N s Y|u ente [NIVERSITY

VIE
A

Lower-risk MDS Patients Treated with HMA (N=290/438)
. . . Median TFS = 15 months Median OS = 17 months
Randomized Phase 2 Study in Low/Int-risk MDS (n=65)

e mos n o events mos
DTS 290 208 15 w4 15
=05 2w m
Schedule & Schedule B
n = 43) in=22)

Variable No. % No. %

Response
Overall improvement rate
Complete response
Marrow complete response
Partial response
Hematologic improvement

Jabbour et al. for MDS CRC Cancer 2014.

Garcia-Manero et al. JCO 2013;31:2548
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Study Design

= Open-label phase II study
Adult pts with de * Randomized by Bayesian
0 or adaptive design; pts more likely
secondary IPSS to be assigned to better-
low- or performing treatment arm
"“9'";9&‘;‘59'1* *  Median follow-up: 20 mos
ris| 3
including CMML, Primary endpoint: OIR defined as
ECOGPS <3, CR, PR, marrow CR, or
adequate organ hematologic improvement
function, no prior = Response assessed by modified
HMA treatment IWG 2006 criteria
113
(N=113) Secondary endpoints: safety,
cytogenetic response, transfusion
independence, EFS, OS

Jabbour EJ, et al. ASH 2016. Abstract 226.
ClinicalTrials.gov. NCT01720225.
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Fatigue
Infection/neutropenic fever

*All grade 1 pt where indicated. 1Grade 3 in 4 of 5 pts.
= Both HMAs well tolerated; no grade 4 AEs

= Cycle delays: 38% in decitabine arm, 20% in azacitidine arm
= Dose reductions: 12% in decitabine arm, 5% in azacitidine arm

Jabbour EJ, et al. ASH 2016. Abstract 226.
ClinicalTrials.gov. NCT01720225.
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MDS: -Risk
Other - Transfusions

Good IPSS Risk* Intermediate IPSS Risk

Transfusion independe
— Transfusion dependent

0
0 20 40 60 80 100 120140 0 20 40 60 80 100 120140
Survival Time (Mos) Survival Time (Mos)
*Excludes isolated 5q-

Transfusion-dependent patients had a significantly shorter OS than transfusiol
independent patients (HR: 2.16; P < .001 overall)

Malcovati L, et. al. J Clin Oncol. 2005;23:7594-7603
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OS and EFS

100 EFS

Decitabine

24 36
Mos
= Strongest predictors of EFS included BM blasts = 5%, MDS/MPN or CMML
diagnosis, high MDA LR MDS score, and adverse mutation risk
= Among pts in both arms (N = 113): 1-yr EFS 65%, 1-yr OS 85%

Jabbour EJ, et al. ASH 2016. Abstract 226.
ClinicalTrials.gov. NCT01720225.

UVA Cancer Center
n NCr-Dezignoted Caocer Cencer

Conclusions

Both low-dose HMAs showed activity, were well tolerated in adult
pts with LR MDS and no prior HMA use

= ORR: 60%

= 1-yr EFS: 65%

= 1-yr OS: 85%
Significantly higher ORR (70% vs 49%; P = .03) reported with
decitabine vs azacitidine; particularly among pts with = 5%
blasts (100% vs 36%; P < .001)

Open-label, randomized phase II trial now ongoing to compare
low-dose decitabine, low-dose azacitidine, azacitidine x 5 days,
and best supportive care in a LR MDS pt population

Jabbour EJ, et al. ASH 2016. Abstract 226.
ClinicalTrials.gov. NCT01720225.

MDS: -Risk
Other - Transfusions

UVA Cancer Center

—0 U PRC/AWK

1 U PRC/AWK
""" 2 U PRC/4WK
“7"3 U PRC/AWK
~ "4 U PRC/AWK

08

Cumulative Proportion Surviving

20 40 60 80 100 120 140 160 180
Survival time (months)

0.0
0

Malcovati L, et al. Haematologica 2006;91(12):1588-90
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0s
Ferritin < 1000 pg/L d : P < .0001 for Median OS From Diagnosis, Mos

—— Ferritin > 1000 pg/L chelated vs nonchelated Nonchelated (n = 337): 48.7
0. Chelated (n = 263): 96.8

— Chelated = 6 mos (n = 191): 102.5

Probabi
Probability
Proportion Surviving

10 15 5 10 15 300
Yrs From Diagnosis Yrs From Diagnosis Mos

5-yr noninterventional registry study of 600 patients with lower-risk MDS and
transfusional iron overload treated with or without chelation
At 48 mos, chelated patients had significantly longer OS vs nonchelated

Development of transfusional iron overload is a significant independent
prognostic factor for overall survival and evolution to AML

Sanz G, et al. 2008 ASH. Abstract 640. Lyons RM, et al. Leukemia Research 2014;38:149-154

NIVERSITY
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MDS: -Risk eIy MDS: -Risk
Other - Chelation ; e Summary Anemia

o . = Assess potential causes of anemia
Characteristic NCCN MDS Foundation

« Supplement with iron, folate, vitamin B as needed

« RBC transfusion support for symptomatic patients

Serum ferritin

= > 2500 pg/L = 1000 pg/L.
level del(5q EPO < 500 mU/mL EPO > 500 mU/mL;
<2 URBC/m 2
2 URBC/Mo U RBC/mo 2 U RBC/mo
N ESA+G-CSF
no comorbidities that limit enalidomiae Hypocellular marrow, HLA-DR15+, PNH+
Patient profile = Candidates for allografts progress =y yes no
p 9 = Aneed to preserve organ AZAIDAC AZA/DAC

function (Gl itz Lenalidomide AZAIDAC
= Candidates for allografts Clinical Trial IST Lenalidomide

Clinical Trial

NCCN. Clinical practice guidelines in oncology. MDS. v2.2017.
Bennett JM. J Hematol. 2008;83:858-861. Adapted from NCCN. Clinical practice guidelines in oncology. MDS. v.2.2017.
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MDS: -Risk
Treatment Algorithm

MDS: Overview

1S5S-8 (score >4.5)

ros HCT, good HCT 1

=N

Initiate soarch for
KD or /8 URD

Epidemiology and “Staging”
Treatment of Lower-risk Disease

Otder panient,

lower blast percentage,
intermediste/p

Treatment of Higher-risk Disease
Clinical Trials and Future Directions
Conclusions

therapy

Sekeres and Cutler Blood 2014;123:829.
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Patient diagnosed with higher-risk MDS
per IPSS (score 21.5) or IPSS-R (score >4.5)

Declines HCT and/or Desires HCT, good HCT CI
unsuitable doner, poor HCT, score
Cl score

V"

Immediate
hypomethylating agent-
based clinical trial or
monotherapy x 26 cycles

Hematotogie "
improvement or better 0 response

Continue Clinical trial with novel
hypomethylating agent(s) or consider
therapy until loss of cytotoxic therapy or
response/progression best supportive care

Sekeres and Cutler Blood 2014;123:829.

2/ | UvACancerCenter
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131 SysTEM | A AHCHDRzignar Ca

Log-Rank p=0.0001
HR = 0.58 [95% CI: 0.43, 0.77]

Difference: 9.4 months
50.8%
~  24.4 montt

‘.\
15 months "..\ 26.2%
= AZA

10 15 20 25 30
Time (months) from Randomization

Fenaux P, et al. Lancet Oncology 2009;10:223-232.

.‘ AARGEY | uvACancerCenter
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Adverse Events — Grades 3 and 4, Azacitidine BSC Only
n (%) (n=175) (n=102)
Neutropenia 159 (91) 70 (69)
Thrombocytopenia 149 (85) 72(71)
Leukopenia 26 (15) 1(1)
Anemia 100 (57) 67 (66)
Febrile neutropenia 22(13) 7(7
Pyrexia 8(5) 1(1)
Dyspnea 6(3) 2(2)
Fatigue 6(3) 2(2)
Hematuria 4(2) 1(1)
Hypertension 2(1) 2(2)

*When any grade of the reactions occurs in = 5% of azacitidine-treated patients.

Fenaux P, et al. Lancet Oncol. 2009;10:223-232.

12/19/2018
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Higher-risk MDS

Investigator CCR
Tx Selection

Randomization

Conventional care re

» Best Supportive Care [n:
* Low Dose Ara-C [n=49]
» Std Chemo (7 + 3) [n=25]

X P, et al. Lancet Oncology 2009

UVA Cancer Center
1 Caccer Conces

Azacitidine M CCR

Patients (%)
N w Py
o o o

=
S)

Any HI HI-E Major HI-P Major HI-N Major

Fenaux P, et al. Lancet Oncol. 2009;10:223-2:

UVA Cancer Center

Drug Combinations ?

11



North American
Intergroup Randomized
Phase 2 MDS Study
S1117

[
[l

— I

Higher-risk AZA + Vorin
MDS N=91

(IPSS >1.5)

Sekeres et al. ASH 2014: LBA-5

MDS: Clinical Trials and
Future Direction

NTVERSIT

\ \
IFALTI SywTa

Groups: SWOG, ECOG,
Alliance, NCIC

Total Sample Size: 276
Primary Objective: 15%
improvement of RR
based on 2006 IWG
Criteria

Secondary Objectives: OS]
RFS, LFS

Power 81%, alpha 0.05 for
each combo arm vs. AZA

03/2012 — 06/2014

We have to do BETTER.

MDS: Clinical Trials and
Future Direction HRMDS

NIV

VIRGINIA
HeAL s Bverat

UVA Cancer Center

Typeofsalvage N  ORR M(:mf"hg)s
= i Unknown W] 1A 36
E_: Bestsupportive | 122 | na 41
©
2 = tﬁmiuw 32| ons 73
E — povestigational | 44 | azs | 12201
. = ﬂ:gsl';ilcnw" 37| 1319 19541
tP<0.001
9 365 730 1,095 1,460

Time Since AZA Failure (days)

Prébet et al. J Clin Oncol 2011;29:3322-3327

12/19/2018

MDS: Overview @

Epidemiology and “Staging”
Treatment of Lower-risk Disease
Treatment of Higher-risk Disease

Clinical Trials and Future
Directions

Conclusions

MDS: Clinical Trials and
Future Direction HRMDS

Median follow-up: 15 months

[JNIVERSITY
h UVA Cancer
BB oo | Ao

Median OS 5.6 monthg
at HMA failure
for HR MDS

Table 2 Distrioution of P

0 atiants According to

nt Overall Survival

Disease Stas N=435 No

Primary falure” 229 85

Time Since Azacitidine Failure (days) Statlp dessse 9 “

d 138 El

164 %*

l?;' 7

2 9

2 )

Prebet et al. JCO 2011;29:3322 During respansa to AZA 1 3

MDS: Clinical Trials and NIVERSITY | (/A Cancer Center
Future Direction el
Immunotherapy
= Early results with short follow-up (median 3 cycles) suggest

nivolumab and ipilimumab well tolerated as single agent or
with azacitidine
Nearly 30% ORR with ipilimumab in pts who failed HMA

therapy shows promising single-agent activity as salvage
therapy

Nivolumab did not show single-agent activity as salvage
therapy

= Encouraging early 65% ORR when combined with
azacitidine in previously untreated pts
Additional treatment cohorts ongoing

Investigators suggest that future randomized trials are
warranted

Garcia-Manero G, et al. ASH 2016. Abstract 344.
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ETCTN Trial 10026 - Ipilimumab and Decitabine
- Relapsed MDS patients with 5% blasts or greater
After allogeneic stem cell transplant
OR
After 4 cycles of hypomethylating agent

MDS: Clinical Trials and RIVERSETE U caneer conper
Future Direction T e
SG-110 in MDS/CMML/AML after AZA failure

GDAC 60 mg/m2/day Day 1-5 q 28 days

— Median 3 cycles

N=56; 15 refractory and 41 relapsed

9 responded (16%)

—1CR, 2CRp, 5 marrow CR, 1 HI

Median duration of response 9 months

Median OS 6.7 mos

— 33 died: 14 progression, 13 infection, 1 bleeding, 5
other

Sebert et al. ASH 2016 Abstract 347. Blood 2016;128:347

MDS: Clinical Trials and
Future Direction

217 | uvACancerCenter
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Garcia-Manero et al. Lancet Oncology; 2016;17:496-508

12/19/2018

MDS: Clinical Trials and
Future Direction

SGI-110
Second-generation hypomethylating
agent

= SC dinucleotide of decitabine and
deoxyguanosine

» longer half-life; more extended decitabine
exposure

15 pts with higher-risk MDS

= Median age 74; all had previous
aza/decitabine

= 5 responders (33%), duration 28-224 days
O’ Connell C et al, EHA 2013, abstract P189

UVA Cancer Center

NIVERSIT

MDS: C||n|Ca| Trlals and . Vikcimia | UVACancerCenter
Future Direction HetiHE

Phase Il ONTIME: Rigosertib: PLK and PI3K inhibitor; a novel synthetic

benzyl styryl sulfone that is cytotoxic against a variety of human tumor cell
lines

Stratified by bl
(5% to 19% vs 20% t030%

Patients with higher-risk

MDS (FAB, RAEBIt, Rigosertib (ON 01910.Na) + BSC

CMML), 1800 mg/d x 3 days q2w

relapsed/refractory after (n = 180)
azacitidine or decitabine .

(planned N =270)

Continue
treatment g4w until
progression

Best Supportive Care
LoDAC, hydrea, GFs
(n=90)

« Primary endpoint: OS (HR: 0.62)
« Secondary endpoints: IWG response, transformation to AML, infection,
bleeding, QoL

Garcia-Manero et al. Lancet Oncology; 2016;17:496-508

MDS: Clinical Trials and
Future Direction

ONTIME 2 - Rigosertib

UVA Cancer Center

Eligibility:

+  MDS subtypes RAEB-1,
RAEB-2, or RAEB-t —_—
Progression or failure ‘ Rigosertib + best
to respond to HMA =3 dpeoivean fome o
Total HMA treatment N=150 Primary
duration of <9 months | _| Endpoint:
and/or total < 9 cycles | overall
in< 12 months Physiclan's Choice of Survival

« <82yearsof age i

[ supportive care

Stratification: N=75

« VHRvsnon-VHR per
1PSSR

« North America vs
Europe vs Asia

ons, and growth fictors (growth fctors, granulocyte colony-

Garcia-Manero et al. Lancet Oncology; 2016;17:496-508
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INSPIRE - Rigosertib

UVA Cancer Center

INternational Study of Phase Ill Intravenous RigosErtib

A Phase IlI, International, Randomized, Controlled Study of Rigosertib versus
Physician’s Choice of Treatment in Patients with Myelodysplastic Syndrome after
Failure of a Hypomethylating Agent

»

Eligibility: Rigosertib + best

+ HMA treatment
duration < 9 months
o <82yearsof oge

> supportive care
+ MDS subtypes RAEB-1, N=150 =
« RAEB-2, or RAEB-t rimary
Endpoint:
+ Progression or failure :
to respond to HMA ) Overal
[ Physician’s Choice of Survival

Treatment + best
supportive care

N=75

Zo-4»N-2002P 2

MDS: Clinical Trials and CNNERSIEY | gy Cancer Certer
Future Direction S

Other Targets
* IDH 1 and 2 — Ivosidenib and Enasidenib
* HIF — Roxadustat
* Need targets for TP53
* Decitabine — 10 day regimen
* APR-246, a TP53 modulator

.' RN | UVACancer Center
IVARCINIA, | o Pedmornt s e

MDS: Clinical Trials and
Future Direction

MEDALIST Trial
Background and Rationale

*+ Patients with lower-risk (LR)® transfusion-dependent MDS have a poorer
prognosis, with greater risk of progression to AML and inferior overall
survival compared with patients with transfusion-independent MDS

* RBC transfusion-dependent LR, non-del(5q) MDS patients have a transient
response to ESAs, with an attendant risk of iron overload and secondary
organ complications

+ Few treatment options exist for the large number of patients with LR MDS
who are either refractory to or become unresponsive to ESAs*

List A, et al. ASH 2018. Al ct 001.

12/19/2018

MDS: Clinical Trials and
Future Direction

UV{A‘ Cancer Center

BCL-2 Inhibitor - Venetoclax
- Current studies in both treatment naive and HMA
failure settings

New Hypomethylating Agents

- guadecitabine (SGI-110, oral)

- CC486 (oral form of azacitidine)

- cedazurine (ASTX727, orally fixed-dose combination
of decitabine and a cytidine deaminase inhibitor)

Imetelstat (telomerase inhibitor)
- studied in myeloproliferative neoplasms and
transfusion independence rates were ~30%

MDS: Clinical Trials and UPIVERSITY | (svaCancar Ganeet

Future Direction

American Society of Hematology

Hefping hematologists conquer biood diseases worldwide

. 2 o
% . A3

3 -

The MEDALIST Trial: Results of a Phase 3, Randomized, Double-Blind,
Placebo-Controlled Study of Luspatercept to Treat Patients With Very Low-,
Low-, or Intermediate-Risk Myelodysplastic Syndromes (MDS) Associated
Anemia With Ring Sideroblasts (RS) Who Require Red Blood Cell (RBC)
Transfusions

Placre Fanaux, Uwe Platzbocker, Ghulam J, Mufti Guillermo Garcia-Manero, Rena Buckstein, Valeria Santinl, Maria Diez-Campelo, Carlo Finall,
Mario Caztols, Osman lihan, Mikkael &, Sekeres, José F. Falantes, Bestriz Arrizabslaga, Flavia Salvi, Valentina Gisi, Paresh Vyas, David Sowen,
ominik Salleslag, Amy €. DeZarn, Joseph G. urcic, Urich Germing, Katharina S. G670, 8runo Quesna), Odlle Beyna-Rauzy, Thomas Cluzeau,

Maria Teress Voso, Dominiek Mazure, Edo Vellengs, Peter L Greenberg, Eva o Amer M. Zeidan,
212 Banzohra, Jennle Zhang, Anita Rampersad, Pater G. Linde, Matthaw L. Sharman, Rami 5. Komrokl, Alan £. Ust

ListA, et al. ASH 2018. Abstract 001.

MDS: Clinical Trials and U | uvACancercenter

Future Direction

MEDALIST Trial

Luspatercept
* Luspatercept is a first-in-class erythroid maturation agent that neutralizes select TGF-
superfamily ligands to inhibit aberrant Smad2/3 signaling and enhance late-stage
erythropoiesis in MDS models!
* Ina phase 2 study in LR, non-del(5q) MDS, luspatercept yielded a high frequency of transfusion
reduction or RBC-TI in patients with MDS-RS vs other subtypes?
Luspatercept
ActRIB / IgG1 Fe recombinant TGF-B
fusion protein superfamily
Modified ligand

extracellular
domain of Cytoplasy
ActRIIB

Human
1gG1Fc
domain

ListA, et al. ASH 2018. Abstract 001.
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MEDALIST Trial
Study Design — A Randomized, Double-Blind, Placebo-Controlled, Phase 3 Study

Patient Population ) every 21 days

Luspatercept 1.0 mg/kg (s.c.
+ MOS-RS (WHOJ: S or'2 S with SE381 n=153
" Randomize

+ <5% blasts n bone marrow Dose titrated up to 8 maximum of 1.75 mg/kg

* Nodel(Sa) MDS Placebo (s.c.) every 21 days
n=76

v Low, o Intermediate-rizk

progression per IWG riteria; no crossover allowed

Subjects followed 3 years post final dose for AML
ol

ListA, et al. ASH 2018. Abstract 001.

12/19/2018
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MEDALIST Trial
Study Endpoints

Key secondary endpoints:
* Red blood cell transfusion indepen: (weeks 1-24)
+ Red blood cell transfusion indepen: s (weeks 1-48)

Additional secondary endpoints:

+  HI-E (IWG 2006 criteria’) for any consecutive 56-day period
= Reduction in red blood cell transfusion burden 2 4 RBC units/8 weeks® or
— Mean Hb increase of 2 1.5 g/dL/8 weeks®

« Duration of response

+ Hbchange from baseline

List A, et al. ASH 2018. Abstract 001.

MDS: Clinical Trials and
Future Direction
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MEDALIST Trial
Demographics and Baseline Disease Characteristics

atercept
{

‘Age, median (rangs], years. 72 (265
ale, %) so65.8)
Time since original MOS. diagnosis, median (range], manths. 4403421 361 (4-193)
REMD S, 1) Tas (548 Taers)
REC transtusion burden, medan [rango) - 015 HE=E]

= 6 unita/3 wesks, 1) 66 (1) 31434
= i/ weals ] CHEE) T (e
e transfusion Ho, medion [range), §/dL 76 (610 76 (59

TFESR Rk category”

Very Low, Low, 0 (%) 127530} 3(629)
osermestiaie, n (3} ussl 1307
SF3B1 mutation, o 1%) 141 (92.2) 65 (8551
Serum EPO.
<200 UL ni%) s (s7s) soisss)

2200 UL n %) sa(aLE 60342}

ListA, et al. ASH 2018. Abstract 001.
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MEDALIST Trial
Primary Endpoint: Red Blood Cell Transfusion Independence = 8 Weeks

. Luspatercept Placebo
RBC-TI 2 8 weeks (n = 153) (n=786)
Weeks 1-24, n (%) 58 (37.9) 10(13.2)

95% CI 30.2-46.1 6.5-22.9

Pvalue® <0.0001

ListA, et al. ASH 2018. Abstract 001.

MDS: Clinical Trials and
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MEDALIST Trial

Primary Endpoint: Subgroup Analysis
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List A, et al. ASH 2018. Abstract 001.
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MEDALIST Trial

Duration of RBC-TI Response in Primary Endpoint Responders
10
i —
07 ++ Censored

Probability of Maintaining
REC-TI
o
@

0 10 20 30 40 50 6 70 80 80 100 110 120
Duration of RBC-TE (week)

Number of patients.

Luspatercept 58 43 En 2 n 18 10 & 3 2 1 1 L]

Placabo 10 a 3 2 2 2 o

ListA, et al. ASH 2018. Abstract 001.
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MEDALIST Trial MEDALIST Trial
Secondary Endpoint: Erythroid Response (HI-E) Change in Hemoglobin Concentration

~—e—Responder recelving uspatercapt  =e=Non-responder receiving luspatercept  =—e=Placebo

Luspatercept Placebo
(n =153 (n=76) g
Achieved HI-E (weeks 1-24), n %) 81(52.8) 4 (11.8) i g
freduction of = 4 REC units/ weeks
(baseiie transfusion burden > 4 units/3 weeks) 524107 (45.5) #s6i43) g 1
Hiincrease of & 1.5 g/dL i P H
(haseline transfusion burden < 4 units /8 weeks) 25/46 (630) 1/20(5.0) H
9% cl 44.72-61.05 556-21.29 a 0
P ualueh < 0.0001 E‘
Achieved HI-E* [weeks 1-48), n {%)] 90 (55.8) 13(17.1) S
. - T2 3 ° 2 1 s 8 21 4
Rediction af = 4 REC units/8 weeks 2
(baseline RBC transhusion burden 4 units/8 weeks) 58/107 (54.2) 12/56 (21.4) H
£ Analysis Wieek Visit
Hhincrease of = 1.5 g/dl :
32/46 (69,8 /20 (5.0
(baseline RBC transfusion burden < 4 units/8 weeks) ) } + Median peak hemoglobin increase in luspatercept responders: 2 55 gidL. (1.1 g/dL)
aswcl 50.59-66.71 9432747 toumber of patients
Palue” e Responder- s M O% B 51 5 a o o0 a s
Non-respander 3 st & s n 5 s P e
T - » “ © “ n

Placebo » 2w oa @ “

ListA, et al. ASH 2018. Abstract 001. List A, et al. ASH 2018. Abstract 001.
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MEDALIST Trial MEDALIST Trial
Safety Summary Conclusions

+ In lower-risk, RS-positive MDS, treatment with luspatercept resulted in a
significantly higher percentage of patients who achieved RBC-TI, major

Patients with = 1 TEAE, n (%) 150 (98.0) 70(92.1) RBC transfusion reduction, or hemoglobin increase, compared with
Patients with 2 1 serious TEAE 48(31.4) 23(30.3) placebo
Patients with 2 1 Grade 3 or 4 TEAE 65 (42.5) 34(44.7) + Erythroid responses are durable, with approximately 40% of patients
Patients with TEAE leading to death? 5(3.3) 4(5.3) achieving RBC-TI sustained at 12 months of treatment

Patients with = 1 TEAE causing discontinuation, n (%) 13(85) 6(7.9) + Luspatercept was well tolerated in this patient population

= Progression to AML occurred in 4 patients (3/153 [2,0%) in the luspatercept arm; 1/76 (1.3%) in the * L”‘Pat€’C9Pt isa P‘?tent@' new therapy for thfe treatment of patients with
placebo arm) lower-risk, RS-positive MDS with RBC transfusion-dependent anemia

ListA, et al. ASH 2018. Abstract 001. ListA, et al. ASH 2018. Abstract 001.

MDS: Clinical Trials and

Future Direction

Overall proportion of recently diagnosed patients (n = 670) and range of

established patients across six surveys (n = 3844) taking specific types of
therapies at the time of the survey

MDS: Clinical Trials and
Future Direction
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Very low IPSS-A risk patieats ’Bo Low IPSS-R risk patients c Intermediate IPSS-R risk patients
1 .
ESA (darbepoetin I 58% . 125,20 FUNCLAU ) 152 60 M) A9 6 i P00, AL ASX
P _63% N — 1 st et - [ ! — s st 150
and/or erthropoietin 55-63% 3 0 o8 | o o o8] ] o
16% £ \ a -
Azacitidine (Vidaza) _11_1;% = % 08! \ fam ns)
F, F 10% g 1
(G EiS .‘" I 8-;1% Only 4% of recently dx or established patients 5 04 044
peg-filgrastim were considered for transplant &
inomi i) N % 20 02|
elioice (Bt 1-9% Only 1% of recently dx or established patients &

were enrolled into clinical trials

2%
Decitabine (Dacogen) WL2’¢ 00
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MDS is the most common myeloid malignancy, with
survival curves that rival those of lung cancer.
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