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Mastocytosissymposium and consensus meeting on
classification and diagnostic criteria fanastocytosis
Boston, October 2828, 2012




2008 WHO Classification Scheme for Myeloid Neoplasn

Acute Myeloid Leukemia ChronicMyelomonocytid_eukemia
Atypical Chronic Myeloid Leukemia

_ JuvenileMyelomonocytid_eukemia
MyelodysplastiSyndromes / MDS/MPN, unclassifiable
— | ChronicMyelogenoud_eukemia
MDS/MPN

Polycythemia/era
Essentiallhrombocythemia
PrimaryMyelofibrosis

ChronicNeutrophilicLeukemia
ChronicEosinophilid.eukemia, NOS
HypereosinophiliSyndrome

Mast CelliDisease

— | MPNSs, unclassifiable

Myeloid neoplasmsassociated witiPDGFRA

MyeloproliferativeNeoplasms

Myeloid or lymphoidheoplasms

. . . . rearrangement
associated V\{I'FI’EOSIHOphIhB&Hd N Myeloid neoplasmsassociated witiPDGFRB
abnormalities oPDGFRA, rearrangement

PDGFRBIrFGFR1 Myeloid neoplasmsassociated wittFGFR1
_rearrangement(EMS) |




2017WHO Classification Scheme for Myeloid Neoplasir

ChronicMyelomonocytid_eukemia
Acute Myeloid Leukemia Atypical Chronic Myeloid Leukemia
JuvenileMyelomonocytid_eukemia

. MDS/MPN with ringideroblastsand thrombocytosis
MyelodysplastiGyndromes / MDS/MPN, unclassifiable
MDS/MPN " | ChronicMyeloid Leukemia

Polycythemiavera
Essentiallhrombocythemia

MyeloproliferativeNeoplasms — | PrimaryMyelofibrosis

ChronicNeutrophilicLeukemia
ChronicEosinophilid_.eukemia, NOS
MPN,unclassifiable

Myeloid/lymphoidneoplasmswvith PDGFRA

Mastocytosis

: : rearrangement
Myeloid/ lymphoidneoplasms Myeloid/lymphoid neoplasmwith PDGFRB
with eosinophilia andjene — | rearrangement
rearrangement Myeloid/lymphoid neoplasmwith FGFR1
rearrangement

Mveloid/lvmphoid neoplasmwith PCM1JAK2



WHO 2008&lefinition of systemic mastocytosis

Major: Multifocal dense Infiltrates of mast cells

Minor:

- >25% of mast cells with atypical morphology

|
I D816WKITmutation

I CD25 and/or CD2

I Serum totalryptase>20 ng/mL

(unless associated myeloid disorder)

MorgadoJM, Sanchekluioz L,TeoddsioCG JaraAcevedo M, AlvareZwosel, Matito A, FernandezNufiez
E,GarciaMontero A,OrfaoA, Escribano.lmmunophenotypingn systemianastocytosisliagnosis: 'CD25
positive' alone is more informative than the 'CD25 and/or CD2' Wiitérion. Mod Pathol 2012;25:51621.
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WHO 201 definition of systemic mastocytosis

Major: Multifocal dense Infiltrates of mast cells

Minor:
I >25% of mast cells with atypical morphology
I D816WKITmutation
I CD25with or withoutCD2
I Serum totalryptase>20 ng/mL
(unless associated myeloid disorder)

Horny HP et al. Mastocytosis. I&werdlowSH et alédg. WHO Classification dtimoursof Haematopoietic
and Lymphoid Tissues. Revisédetition. IARC Press, Lyon, 2017



WHO 2008 Classificatioof Mastocytosis

A Cutaneousnastocytosis

A Systemianastocytosis
I Indolent systemienastocytosis

I Systemignastocytosisvith associatedlonal
hematologic normast cell lineage disease

I Aggressive systemmastocytosis
I Mast cell leukemia

A Mast cell sarcoma
A Extracutaneousnastocytoma



WHOQO 2017 Classificatioof Mastocytosis

A Cutaneousnastocytosis

A Systemianastocytosis
i Indolent systemienastocytosis
i Smolderingsystemic mastocytosiém
I Systemic mastocytosis wissociatechematologic neoplasm
|
|

- Aggressive systemmastocytosis
Mast cell leukemia = acute

A Mast cell sarcoma T~ chronic
A B ma

PValentet al. Refined diagnostic criteria and classification of mast cell leukemia and
myelomastocytideukemia: a consensus proposahnOncol2014;24(9):1694.700




What ismastocytosi&

A Clonal, neoplastic proliferation of mast cells

A Heterogeneous disorder:

I Skin lesions that spontaneously regress to highly aggressive
leukemiaswith short survival ananultiorganfailure

A Subtypes determined by distribution and clinical
manifestations

?Diagnosis



Telangiectasianaculariseruptivaperstans
TMEP)




Systemignastocytosis

Adults with cutaneous

-most indolent
mastocytosigesions _> -fewer advanced

)

-Urticariapigmentosa
-TMEP

Cutaneousnastocytosinly
-sampling error

Work up:

1. Skin biopsy

2. Serumtryptase(basal and eventelated)

3. Bone marrow biopsy with appropriate ancillary studies

Berezowsk&,FlaigMJ, RueffF, et al. Adulbnsetmastocytosisn the skin is highly suggestive of systemastocytosis
Mod Pathol2014;27:19.



Clinically Relevant Mediators Released from Mast Cells and

Putative Effects.

Mast-Cell Activators

Allergens, bacteria, cytokines, drugs

fungi, peptiaes, toxin nd

Cardiovascular CRH, chymase,
histamine, interleukin-6,
PAF, renin, TNF, tryptase . () .

Systemic

CRH, histamine,
interleukin-6, TNF

Hypotension

Syncope or

! & =g = Loy
Light-headedness Qe X |
Tachycardia Q] s
¥ R
(8D
\ SO
Cutaneous CRH, histamine, interleukin-6, * 9 g‘g N Respiratory
bl . interleukin-8, interleukin-33, ‘,"\ Histamine, interleukin-6, Nasal congestion
Flushing - o YR | congestio
4 ‘., e b PAF, PGD,, TNF, tryptase CysLTs, PAF, PGD, ° | Nasal pruritus
U,’“( 1’“1 & : ~ | Shortness of breath
Ar J\‘:\z(-d«“n‘a Throat swelling
& CRH, histamine, Wheezing
interleukin-6, neurotensin, ! ;
S i CRH, histamine,
PAF, PGD,, serotonin, TNF, interleukin-6, neurotensin,
tryptase, VIP PAF, PGD,, TNF
i i Interleukin-6, .
Digestive PGD,, RANKL, Neurologic
TNFZ 5
Abdominal cramps A YPELES Anxiety
Diar A Depression
Esoph Decrea concentration
Nausea and vomiting Musculoskeletal and memory

Insomnia

peies Migraines

Bone pain
Osteopenia
Osteoporosis

The NEW ENGLAND

TheoharidesTC et al. NEnglJ Med 2015;373:16372. - JOURNAL Of MEDICIN




Pathogenesis of SM

SomaticKITpoint mutationsin neoplastic mast cells
Constitutive activation of the receptor tyrosine kinase KIT

Induces increased mast cell proliferation and motility, resulting in
Infiltration of neoplastic mast cells into various organs

— g

@_, . 964



Classificatiorof Mastocytosis

/\

Cutaneougnastocytosi(CM) Systemianastocytosis(SM)




Classificatiorof Mastocytosis

\

SystemianastocytosigSM)

Indolent SM

Smoldering SM

SM with an associated hematologic
neoplasm (SMAHN)

Aggressive SM

Mast cell leukemia

Mast cell sarcoma



Classificatiorof Mastocytosis

\

SystemignastocytosigSM)

More indolent SM Indolent SM

Smoldering SM
- SM with an associated hematologic

L < a eoplasm (SMVAHN)
| .

at ROI Y OSRE r;Aggresswe SM

. Mast cell leukemia




AdvancedsSystemiMastocytosis

/

ASM ( 1 + cytazeduetiverequiring findings) Mast cell
A BM dysfunctiod cytopenias leukemia ”
G : : 0% t
A Palpable hepatomegaly with impaired liver )c';ﬁ aSOpi';‘r;?eS/Plge >
function, ascites, +/fportal hypertension
A Skeletal involvemem large osteolytic SM + AHN
lesions, and/or pathological fractures -meet WHO criteria for an
A Palpable splenomegaly vitypersplenism aSSOIC'ated hematological
. . neopliasm
A Malabsorption, weight loss due to GI mast cell -megt SM criteria

Infiltrates, hypoalbuminemia



Cytology of mast cells

Normal/reactive/weltdifferentiated Atvpical type |

Atypical type Il Metachromaticblast

George and Horny. Systenmm@astocytosisHematolOncolN Am25 (2011): 1067.
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ASMAHN

ASM
MDS/MPN,U

ASMCMML tryptase




Mast cell leukemia

Laboratory values
Hb: 8.8 gdL

WBC, PLT: Normal
Serumtryptase 763

Blood smear




jopsy

Bone marrow b
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Overall Survival

100
_L"-H_IL —— ISM (n = 159)
- ASM (n = 41)
80 L AHNMD (n = 138)
=1 — MCL (n=4)
= i Matched Controls
= 60 ‘
z =
-]
D 40 L _
I
20
0
0 10 20 30

Years From Diagnosis

A KaplarnMeier survivafor SM patientsclassified byWHO disease typeomparedwith the expected

age and sexnatched U opul at i onthsentwacohorti val f
Lim. KHBIlood 2009 Jun 4:113(23727.



KITMutations:

Implications ffor TTK dnhibiters

NI;|2
|
l Extracellular ligand - binding
b | domain
,l D — Dimerization domain
AML (Asp 419) Exon 8 —— l

GIST Exon 9 —»

SM V560G; - e embrane domain
absiasall |Mmatinib sensitive m

<«— Tyrosine kinase domain 1

-—— Kinase insert

SM D816V,Y: GIST Exon 17 Tyrosine kinase domain 2

AML: D816V,

SIS | atinib resistant D816V~80%

Sinonasal

COOH
GIST: Gastrointestinal stromal tumors; SM: Systemic Mastocytosis ; AML: acute myelogenous leukemia;
NK/T- CL: Natural killer/T - cell lymphoma



Treatment

A Challenging due to the diversity and complexity of disease and the la
of a standard and highly effective therapy

A Current therapies include:
i Observation
| Topical therapies for cutaneous disease
.
I Cytoreductive therapy

Symptomatic noncytoreductive therapies

A Indicated by the presence of organ dysfunction
A Used to reduce mast cell burden

Akin C, et alExp Hematol2003;31:68692; Douglass JA, et Allergy.2010; 65:928€32;
PardananA, et al.Curr Opin Hematolog010;17:125132; Imatinib package insert



Sensitivity of eKIT D816Mransformed Ba/F3 Cell Lines t
Midostaurin and Imatinib

A Midostaurin inhibited growth of

S 120
all cKI'Ftransformed Ba/F3 = 100
cell lines 2 90
A Cell lines resistant to imatinib & 33
due to expression of-KIT 2 60
D816V are inhibited by o 20
midostaurin 2 30 : :
i ) 20 Midostaurin
A Results have been confirmed in £ 1o Imatinib
additional cell lines r % 1 10 100 1000

Drug (nM)

|G, for midostaurin: 44 nM

|G, for imatinib: > 1 uM
Growney JD, et aBlood 2005;106:724724;

GotlibJ, et alBlood 2005;106:2862870.



Midostaurin

Potentinhibitor of all common mutant forms ofKIT, includind816V,D816Y

May preferentially inhibit cells expressing mutankKET compared to wild
type c-KIT

Counteractanti-lgEinduced release of histamine in blood basophils and
cultured cord blood celllerivedmast cells

Effects weradosedependent;occurred at pharmacologmoncentrations

Growney JD, et al. Blood. 2005;106:721-724.
Krauth M-T, et al. Clin Exp Allergy. 2009; 39:1711-1720



NEOPLASIA

Brief report

Activity of the tyrosine kinase inhibitor PKC412 in a patient with mast cell
leukemia with the D816V KIT mutation
Jason Gotlib, Caroline Barubé, Joseph D. Grownay, Ching-Chang Chen, Tracy |. George, Christophar Williams, Tomohiro Kajiguchi,

Jim Ruan, Stan L. Lilleberg, Jefirey A. Durocher, Jack H. Lichy, Yanfeng Wang, Pamela S. Cohen, Danial A. Arber, Michasl C. Heinrich,
Lan Meckers, Stephan J. Galli, D. Gary Gilliland, and Stevan E. Coutré

The majority of patients with systemic
mast coll disease express the imatinil-
resistant Asp816Val {D216V) mutation in
the KIT receptor tyrosine kinase. Limited
treatment options exist for aggressive
systemic mastocytosis (ASM) and mast
cell leukemia (MCL). We evaluated
whether PKC412, a small-molecule inhibi-
tor of KIT with a different chemical struc-
ture from imatinib, may have therapeutic
use in advanced SM with the D816V KIT
mutation. We treated a patient with MCL
(with an associated myelodysplastic sym-

drome (MDS)Mmyesloproliferative discorder
[MPD]) based on in vitro studies demon-
strating that PKC412 could inhibit D816V
KiT-transformed Ba'F3 cell growth with
a 50% inhibitory concentration {1Czn) of
30 nM to 40 nM. The patient exhibited a
partial response with significant resolu-
tion of liver function abnormalities. In
addition, PKC412 treatment resulted in a
significant decline in the percentage of
peripheral blocd mast cells and serum
histamine level and was associated with a
decrease in KIT phosphorylation and
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ORIGINAL ARTICLE

Efficacy and Safety of Midostaurin
in Advanced Systemic Mastocytosis

Jason Gotlib, M.D., Hanneke C. Kluin-Nelemans, M.D., Ph.D.,

Tracy |. George, M.D., Cem Akin, M.D., Ph.D., Karl Sotlar, M.D.,
Olivier Hermine, M.D., Ph.D., Farrukh T. Awan, M.D., Elizabeth Hexner, M.D.,
Michael J. Mauro, M.D., David W. Sternberg, M.D., Ph.D.,

Matthieu Villeneuve, M.Sc., Alice Huntsman Labed, Ph.D.,

EricJ. Stanek, Pharm.D., Karin Hartmann, M.D., Hans-Peter Horny, M.D.,
Peter Valent, M.D., and Andreas Reiter, M.D.

ABSTRACT

Tine R0 2016747252 R41



(n =116)

[ All patients/safety population _

Unevaluable for response (n = 27)

»  Absence of measurable C-findings (n = 14)

*+  Measurable C-findings considered unrelated to
SM (n =13)

v

Primary efficacy population (n =89)
« ASM (n = 16)
*+ SM-AHN (n =57)
+ MCL (n=16)

A 4

(Discontinued (n=19)
»  Adverse events (n = 6; 2 suspected drug related)
*+ Progressive disease(n =7)
»  Withdrawn consent(n = 2)
+ Death(n=1)
»  Protocol deviation (n = 1)
+ Lostto follow-up (n = 1)
L Administrative problems (n = 1)

~\

h 4

(Discontinued (n = 65)

Adverse events (n = 18; 11 suspected drug related)
Progressive disease (n = 31)

Withdrawn consent (n = 9)

Death (n = 5)

Protocol deviation (n = 1)

Abnormal test results (n = 1)

[ Completed study or ongoing (n = 24) ]




Baseline Patient
and Disease
Characteristics

* Data on additional baseline characteristics are provided in Table S6 in the
Supplementary Appendix. AHN denotes associated hematologic neoplasm,
and ND not determined.

7 Values for the Eastern Cooperative Oncology Group (ECOG) performance
status range from O to 5, with O indicating no symptoms and higher numbers
indicating increasing tumor-associated disability.

i In some patients with SM-AHN, therapy was directed toward the associated
hematologic neoplasm.

§ A total of 73 patients were positive for the KIT D816V mutation, 3 were positive
for the KIT D816Y mutation, and 1 was positive for the KIT D816L mutation.

9| Clinical findings that are related to organ damage from infiltrating mast cells
are referred to as C-findings.** Only measurable C-findings were eligible for
this study: transfusion-independent and transfusion-dependent anemia and
thrombocytopenia, neutropenia, liver-function abnormalities (increased levels
of alanine aminotransferase, aspartate aminotransferase, or total bilirubin),
hypoalbuminemia, and medically documented loss of at least 10% of body
weight within 6 months before study entry.

Table 1. Baseline Patient and Disease Characteristics.*

Gotlib J et al. N Engl J Med 2016;374:257511.

Intention-to-Treat Primary Efficacy
Population Population

Characteristic (N=116) (N=389)
Age —yr
Median 63 64
Range 25-82 25-82
Male sex — no. (%) 76 (66) 57 (64)
ECOG performance status — no. (%)
Oorl 77 (66) 57 (64)
2o0r3 39 (34) 32 (36)
No. of previous therapies —
no. of patients (%)
(0] 64 (55) 52 (58)
1 29 (25) 21 (24)
2 15 (13) 12 (13)
=33 8 (7) 4 (4)
Subtype of advanced systemic masto-
cytosis — no. (%)
Aggressive systemic mastocytosis ND 16 (18)
Systemic mastocytosis with an AHN ND 57 (64)
Mast-cell leukemia 21 (18) 16 (18)
KIT D816 mutation status — no. (%)
Positive 98 (84) 77 (87)§
Negative 13 (11) 10 (11)
Unknown 5 (4) 2 (2)
Bone marrow mast-cell burden — %
Median 40 50
Range 3-98 8-98
Serum tryptase level — ug/liter
Median 200 236
Range 2-12,069 27-12,069
No. of C-findings per patient —
no. of patients (%)9
| 31 (27) 31 (35)
2 20 (17) 20 (22)
=3 38 (33) 38 (43)




Table 2. Best Overall Response to Midostaurin in the Primary Efficacy Population.*
Any Subtype of Aggressive Systemic
Advanced Systemic Systemic Mastocytosis with Mast-Cell
Mastocytosis Mastocytosis an AHN Leukemia
Variable (N=89) (N=16) (N=57) (N=16)
Major or partial response as best
overall response
Patients with response — no. 53 12 33 8
Overall res;)onse rate (95% ClI) 60 (49-70) 75 (48—93) 58 (44-71) 50 (25-75)
— 2%
Duration of response — mo
Median 24.1 NR V2.7 NR
95% ClI 10.8—NE 24 1-NE 7.4-31.4 3.6—NE
Best overall response — no. (%)

Major response 40 (45) 10 (62) 23 (40) 7 (44)
Complete remission (0] (0] (0] (0]
Incomplete remission 19 (21) 6 (38) 9 (16) 4 (25)
Pure clinical response 15 (17) 4 (25) 9 (16) 2 (12)
Unspecified 6 (7) 0 5 (9) 1 (6)

Partial response 13 (15) 2 (12) 10 (18) 1 (6)
Good partial response 11 (12) 1 (6) 10 (18) 0
Minor partial response 2 (2) 1 (6) 0] 1 (6)

Stable disease 11 (12) 1 (6) 7 (12) 3 (19)

Progressive disease 10 (11) 1 (6) 6 (11) 3 (19)

Patient could not be evaluated 15 (17) 2 (12) 11 (19) 2 (12)

for response

The NEW ENGLAND

JOURNAL of MEDICIN




Overall Survival

A Overall Survival

100 =

80

60—

Patients (%)

40

20

Median Overall Kaplan—Meier Estimates
Survival of Overall Survival Rate
(95% CI) (95% CI)

I:Xr 2Yr 3, YT
mo %

Intention-to-Treat Population 33.9 (20.3-45.5) 76 (67—83) 53 (43—-62) 46 (35-57)
Primary Efficacy Population 28.7 (18.1—-NE) 72 (61—-80) 53 (41-63) 46 (32—58)

Intention-to-treat population

..............................................................

Primary efficacy population

No. at Risk

-

T ] ) T 1 1 1 1 |l ] I I I 1 1 | ) T T ) T 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
Month

Intention-to-treat 116 113 105 102 91 87 83 80 70 61 54 44 38 36 28 25 24 20 19 15 13 11 10 5 3 2 O

population

Primary efficacy 89 87 80 77 66 62 59 56 48 43 38 30 26 24 17 15 15 12 12 8 7 5 5 4 2 2 O

population




Kaplan-Meier Estimates (95% CI), %

Median DOR 2-Year 3-Year
SM Subgroup (95% CI), months 1-Year DOR DOR DOR
ASM (n = 12) NR (24.1-NE) 91 (51-99) 91 (51-99) | 68 (16-92)
SM-AHN (n = 33) 12.7 (7.4-31.4) 52 (32-69) 38 (17-56) 24 (6-49)
E=-MCL (h=8) NR (3.6-NE) 70 (22-92) 71 (6-49) 70 (22-92)
100 —e=
g:?? _I-a—n—
LY 80 -
o
o = = e
o
S 60 4
o
e e
=
= 40
[%2]
E=
S 20 -
=
[
oo
0 T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 5
Number of patients still at risk Months
Months 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
ASM 12 12 11 10 10 9 7 7 6 6 5 4 3 2 2 2 2 1 1 1 1 1 1 1 1 1 o]
SM-AHN 33 32 26 25 18 14 13 10 8 5 5 4 3 3 3 3 2 2 1 o] 0 0 0 o] o] o] o]
MCL 8 8 7 6 6 5 4 4 4 4 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 0 0



Patients (%)

Response over Time

B Major Response OPartial Response B Stable Disease BProgresive Disease ONot Evaluable

100

80

(a)]
o

M
o

20

13 13 H
19 19 10 l
10
o off®
19 16 El
21
31
4 5 6 7 8 9 10 11 12

89 85 74 70 66 61 59 55 49 48 47 46

< Months



Overall Response Rate by Subgroups

Category
Overall (n = 89)

ASM (n = 16)
SM-AHN (n = 57)
MCL (n = 16)

MCL (n = 16)
Non-MCL (n = 73)*

With AHN (n = 63)
Without AHN (n = 26)

KIT D816V+ (n=73)
KIT D816V—/unknown (n = 16)

Prior therapies (n = 37)
No prior therapies (n = 52)

Response (95% CI), %

60 (49-70)

75 (48-93)
58 (44-71)
50 (25-75)

50 (25-75)
62 (50-73)

57 (44-70)
73 (45-92)

63 (51-74)
44 (20-70)

62 (45-78)
58 (43-71)

|—‘—|

Q

Q

Q

0

0

0]

o)

0

0]

0

)
S

20

40 60
Patients (%)

80

100



Overall Survival by Response in Mast Cell Leukemi:

Median OS
> MCL (95% CI), months 1-Year OS 2-Year OS | 3-Year OS
~-[Z)~ Responders (n = 8) NR (9.4-NE) 86 (33-98) 57 (8-89) 57 (8-89)
—— Nonresponders (n = 8) 7.6 (3.4-8.7) 13 (1-42) 0 (NE-NE) | 0 (NE-NE)
HR = 0.049 (95% CI, 0.006-0.414)
100 - -0- = —, P =0.0056
[
— L e e e = = = == =0O=
= 80 - !
~ [
o |
= I
= 60 - I o e e e o e e - B e o e e - o
e
uzg ___________________________________________________________________________________________________________________________________________________________________________________________________________
® 40 -
[=
2
© 20 -
o
0 T T T T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 5
Months
Months 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Responders 8 8 8 7 7 6 6 5 5 5 4 3 2 2 2 2 2 2 2 1 1 1 1 1 1 1 0
Nonresponders 8 8 7 6 3 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 o] 0 0 o]



A Bone Marrow Mast-Cell Burden

Decrease =50% confirmed during
2 consecutive bone marrow biopsies

100
W Yes (N=-24)
No (N=48)

Bone marrow
mast cell burden

"
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(=]
|

|

w

o
1

Best Percentage Change from Baseline

Clinicopathological

B Serum Tryptase Level

Decrease =50% confirmed

Measures of Response

‘E’ W Yes (N=32)
B No (N=57)
- 50
E
-4
=
@
oo
=
= o
o
@
£ Serun tryptase
H
£ -50+
&
w
&

-100-

C Spleen Volume
8/39 had increase
o) M| Response (N=30) in volume
30+ No response (N=9)

Spleen volume

"110/39 had decrease
104 involume =35%

ft——

~-35%

Best Percentage Change from Baseline
3
1

-60-

; 274 -70- ) The NEW ENGLAND
Gotlib J et al. N Engl J Med 2016;374:2521. v ] JOURNAL of MEDICIN

30/39 had decrease in volume
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Tryptase X200 l’

Hlstologlc Regressmn in ASM patlent
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Alk Phos

Eos

Monos

Improvements in Alkaline Phosphatase, Eosinophil, and Monocyt
Levels
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Improvements in Quality of Life

Lack of energy

Hair loss 0 Feeling drowsy
Mouth sores ¥~ [~ Difficulty sleeping
Difficulty swallowing ‘ Pain
Constipation Weight loss
Vomiting . Feeling bloated
Don't look like myself Difficulty concentrating
Urinary problems — Dry mouth
Numbness in hands/feet; | Worrying
Problems with sex - | ~— Feeling nervous
Skin changes‘ Shortness of breath
Change in way food tastes Cough
Feeling sad .~ Diarrhea
Dizziness / | | _~ Sweats © Baseline TMSAS
Swelling of L J— Feeling irritable
arms/legs ltching Lack of O Best TMSAS value
Nausea appetite bl




Study Conclusions

A Midostaurincart

I Reverse organ damage
I Decrease splenomegaly
I Decrease BM mast cells
|

" Improve patientreported symptoms and quality
of life




Midostaurin

IN advance(

SM, 10 yea
follow-up

06

Patient 1D

0 12 24 36 48 60 72 84
Months on therapy

Study status/reason for discontinuation (# of patients)"

§ Continuing treatment (n=2)

* Adverse event: Grade 3 or 4 thrombocytopenia (n=2)

F% ., . . N
Serious adverse event: sepsis (n=3), inflammatory mixed neuropathy/myopathy and altered mental status (n=1)

¥ Withdrew consent (n=1)

Unsatisfactory therapeutic effect; discontinued per investigator discretion (n=5)

“ Disease progression (n=4)

MR-CR
= MR-IR
= MR-PCR

GPR
= MinPR

Median duration of
treatment (months)

median 19
range 2-132

* Data through 3/1/2017; best response at any time on therapy

Solid bars are KIT D816 mutation-positive, two patterned bars are KIT D816 mutation-negative

DeAngeldJ, George TI, Linder A, Langford C, Perkins C\WéstérveltP,Merker JD,BerubeC,CoutreS,LiedtkeM,
Medeiros B, Sternberg DutriexC,RuffiePA,Corles<C,GraubertTJ, Gotlib J (2018). Leukemia, 32(2)-478.




ID# 24 ID# 12

Baseline, CO117: 70%

.

Baseline, CO117:70%




Best % change in bone marrow mast cell burden from baseline

- 100%

Bone marrow mast cell burden’
200% 50%

\\ Wi W

-50% -50%

8 Clinical Responders (n=17)

Best % change in serum tryptase level from baseline

B Clinical Nonresponders (n=%)

-100%

Best % change in bone marrow mast cell burden:
Median -60% (range -100 to 200%)

#N=25 instead of 26. One responder did not have quantification
of bone marrow mast cells at baseline; described as *focally involved’.
® Responder with best value of 0% change in bone marrow mast cells vs baseline

Serum tryptase level

0% 4

@ Clinical Responders (n=18)
@ Clinical Nonresponders (n=8)

Best % change in serum tryptase level:
Median -47% (range -99 to 54%)




Midostaurin treatment is associatedwith a significant decreasein
C[25 expressionon neoplasticmastcells

Patient #1 : Patient #2 Patient #3

‘1?|]| 3 IW?IJI L IZRIJI L

Count
Count
Count

TR

D25 PE-A

F

?|5 IPD Wfﬁ 1

i
Count

Gaunt
Count

fi

o 1o 10 1 10 10 o o
D25 PE-A D28 PFE-A D25 PE-A

CI25 expressioron neoplasticmastcellsby flow cytometryin patients#1, #2, and #3 before (A-
C)andon day 28 (patient#1, D),day 89 (patient#2, E),and day 336 (patient#3, F)of midostaurir
therapy.



Midostaurin therapy is associated with sustained decreases in CD25 expres:
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CI25 expressionon neoplasticmast cells by mean fluorescenceintensity (MFt A, C, E) and
percentof mastcellspositivefor C[25 (B, D, F)overtime in patient#1 (A-B),patient#2 (GD),and
patient#3 (EF) Theshadedareaindicatestime on midostaurintherapy.



Proposed mechanism famidostaurinrinduced CD25
downregulation

e, =

Mutant Kit

Mutant Kit

Other RTKs? Other RTKs?

Changes in the intracellular localization of STATS5 mitlostaurin
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A Advancedmastocytosis

A A case report

A Clinical trials

A Other potential therapies



CD30 expressiom systemicmastocytosis

JMMorgadq OPerbellini,RAQohnson, Geodosio AMatito, | AlvareZTwose PBonadonnaAZamoM JaraAcevedo, A
Mayadq A GarciaMontero, M Mollejo, TI George, Ranotti AOrfag LEscribanpL Sancheklunoz. CD30 expression by
bone marrow mast cells from different diagnostic variants of systemaistocytosisHistopathology2013;63(6):736r.



CD30 expressiom systemicmastocytosis
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JMMorgadq OPerbellini,RAQohnson, Geodosig AMatito, | AlvarezZTwose PBonadonnaAZamoM JaraAcevedo, A
Mayadq A GarcidMontero, MMollejo, TI George, Ranotti, AOrfag LEscribanpL Sanchelunoz. CD30 expression by
bone marrow mast cells from different diagnostic variants of systemaistocytosisHistopathology2013;63(6): 786 .



dinical trial with anti-CD30 drug doesot demonstrative clinical
activity in advanced systemic mastocytosis

Structure of Brentuximab Vedotin (B-Vedotin)

10 patients:

:\ﬁ( -8 stable disease
s -1 progressive disease
o S e ke -1 not evaluable due to early death unrelated to
A‘:‘::Alite nalization Processspacer o Stu d y
{/\ e

/ W, Lo Baird JHVerstovselks, George Tl, Reye#&huelJ, Perkins

A\ NG C, Langford C, Schroeder K, Gotlib J. Phase 2 study of
B - BrentuximabVedotinin patients with advanced systemic

ADC = antibody- -drug conjugate : MAB = monoclonal antibody : MMAE = monomethyl
aaaaaaaaa (microtubule-disrupting agent) . .



PD L1 and PD-1 Expressmn in MastocytOS|s Subtypes

72, _ > )
(ab) - PD-1 S “ oo
8 2 1 ¢ ; \
g Percentage of Patient Cases Positive for:
v-D PD-L1 PD-1
100% 100%1
G 92%
K 77%
50% 50%
0% 15%
Systemic Cutaneous Systemic Cutaneous
Mastocytosis Mastocytosis Mastocytosis Mastocytosis

Hatch EW, Geeze MB, Martin C, Salama ME, HartmdaisdwortG, Blatt K, Valent P, Gotlib .
Lee JH, Chen L, Ward HH, Lidke DS, George Tl (2018). Variabilbyl aX¥piession in
mastocvtosis. Blooddv2(3). 189199,



Immunohistochemistry

Smoldering systemimastocytosis

N 2PDLE PD1

: PDL1 PD1
Mast cell leukemia

M Geeze E Hatch, C Martin, S Perkins, K HartmaniWalkent JGotlib, DLidke USCAP 2016



Indolent SM

Indolent SM

Indolent SM

Flow cytometry
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Multiplex iImmunohistofluorescence

Mast cell leukemia, spleen Tryptase(red), PDL1 (green)



Tryptase(red)
PDL1 (green)

Mast cell
leukemia,
spleen

Cutaneous mastocytosis



PD1/PD-L1 are novel therapeutic

targets formastocytosis

SM 17/22 (77%) 0/25

CM 23/25 (92%) 4/27 (15%)
MML 1/2 0/2

MMAS 0/3 0/3

MPN 0/16 0/17

MDS 0/18 0/18
MDS/MPN  0/5 0/5
Healthy/ 0/15 0/21

reactive BM



SM

CM

MML
MMAS
MPN

MDS
MDS/MPN

Healthy/
reactive BM

PDL1 expre

17/22 (77%
23/25 (92%)
1/2

0/3

0/16

0/18

0/5

0/15

PD-1 expression

0/25
4127 (15%)
0/2

0/3

0/17

0/18

0/5

0/21

3/3 (100%)

2/2 (100%)

9/12 (75%)

1/2 (50%)

3/4 (75%)
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