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Objectives

Discuss the role of checkpoint blockade in the treatment of sarcoma

* History

» Challenges

» Success

» Biomarkers

» Future directions
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Rapid revolution in immunotherapy field
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Unprecedented decrease in mortality
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Success of checkpoint blockade
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ORR remains in

10-20% range and

often not durable
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Immunomodulatory pathways are complex
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Tumor microenvironment is complex

| Preventing tumor growth |
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Numerous immunosuppressive signals exist
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Biggest challenge heterogeneity of sarcoma
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Idea of immunotherapy in sarcoma is not new
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Ipilimumab initiated modern day immunotherapy

Ipi plus gp100  ---- Ipi —-—=—— gpl00
eeo0 C red x x x C red sea C d H . HH M M
Circa 2005: Ipilimumab in Synovial sarcoma
A Overall Survival
100-¢
90— N
80— .
£ 70- Age Gender  NVESO-Limmuno- HLA-  HLA- PIE:;:;’M m
£ 60 . .
: ol histochemistry A2 DP4 (months) (months)
wv
= 40
s zg- 43 E 3+ + + 19 38
.l 26 F 4+ + + 0.9 19.7
0 T T T T T T T T T T T T T ] 56 M 3+ + + ‘1'9 13'7
(0] 4 38 12 16 20 24 28 32 36 40 44 48 52 56 2 F 3+ _ + 21 32
Months
Nowat Bisi 57 F 3+ - - 0.5 0.8
Ipi plus gpl00 403 297 223 163 115 81 54 42 33 24 17 7 6 4 O 23 M 2+ + + 18 13.7
Ipi 137 106 79 56 38 30 24 18 13 13 8 D, 2 1 o]
gpl100 136 93 58 32 23 17 16 7 5 ) 3 1 o o] (o]

EEMT

Hodi FS et al. N Engl J Med 2010
Maki et al. Sarcoma 2013



PD-L1 expression and TIL infiltrates vary based on sarcoma subtype
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Sarcoma TCGA further illustrates variability
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Sarcoma checkpoint inhibitor studies

S O O P 71 PO
Disease Checkpoint inhibitor Partner ORR PES (m) |Author

MY LN IS A ol Pembrolizumab Cyclophosphamide
Pembrohzumab Axitinib

IR I \livolumab +/- ipilimumab  None

S e brolizumab Cyclophosphamide
Pembrolizumab None

S Hilimumab Dasatinib
Nt Durvalumab Tremelimumab
Nivolumab +/- ipilimumab None
Pembrolizumab Doxorubicin
S Hilimumab/Nivolumab Trabectedin
S i\ olumab Sunitinib
Nivolumab Sunitinib
S e brolizumab Doxorubicin

ORR consistently < 20% in unselected histologies
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ORR <20% with standard chemotherapy

ORR oS PES
12.5mvs 10.7m 4.6mvs 1.6m

Pazopanib vs placebo *non- 6% vs O
adipocytic STS

Eribulin vs DTIC * LPS/LMS 4% vs 5% 13.5mvs 11.5m 2.6mvs 2.6m
Trabectin vs DTIC *LPS/LMS 9.9% vs 12.4mvs 12.9m 4.2mvs 1.5m
6.9%
Dox olara vs dox *STS 18% vs 12% |26.mvs 14.7m 4.1mvs 6.6m

Gem doce vs gem*STS 16% vs 8% / 18mvs 11.5m 6.2m vs 3m

What is the impact of trial design?
Lack of signal? Lack of efficacy ?
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Recent sarcoma successes have been in histology specific studies
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ABI-009 (nab-sirolimus) in Advanced Malignant Perivascular
Epithelioid Cell Tumors (PEComa): Preliminary Efficacy, Safety, and
Mutational Status from AMPECT, an Open-label Phase 2
Registration Trial
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Natally Horvat, M.D., Ethan Basch, M.D., Lawrence H. Schwartz, M.D.,
Robert G. Maki, M.D., Ph.D., Narasimhan P. Agaram, M.B., B.S.,
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Sorting/splitting may tease out efficacy (or lack of)

Histology Response rate
UPS Pembrolizumab 23% |
Nivolumab + ipilimumab 29%
ASPS Atezolizumab 42%
Pembrolizumab + axitinib 55%
Angiosarcoma CTLAA4 blockade, pembrolizumab, 71%
pembrolizumab + axitinib W,
DDLPS Pembrolizumab 10%
Nivolumab + ipilimumab 14%
Osteosarcoma Pembrolizumab 4.5%
Uterine LMS Nivolumab 0%
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Predictive biomarkers to immunotherapy
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IHC-based immune biomarker studies
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Differential quantities of immune cells exist
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SARCO028: Baseline TIL, Tumor infiltrating macrophages
and PD-L1 + (UPS/DDLPS) correlate with efficacy
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High TMB/UV signature: Head and neck
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Tertiary lymphoid structures and “hot” tumors
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Tumor-intrinsic

Low TMB

Limited neoAg
20% LMS DDR
Variable PDL1
expression

MSI high
uncommon
Limited PTEN loss
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Biomarkers to immunotherapy in Sarcoma
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What is the optimal way to convert tumors and increase
immune infiltrates?

Cold Tumor

Tumor cells

Immune-suppressing cells T cells and other
cancer fighters
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Pembrolizumab + TVEC in sarcoma

C. 82 y/ci F, locally recurrent UPS
'v o U
RECISTv1.1 Immune-Related ‘ At
Variable (n = 20) RECIST (n = 20) 3
Objective response, No. (%) ORR 35% mDOR _ 56 1 WeekS
Best overall response 7 . .. ! )
e 0 Ep|theI|0|d Sarcoma, Cutangous
Partial response 7| Angiosarcoma, UPS, Myxofibrosarcoma,
Stable disease 7| Sarcoma unclassified :
Progressive disease 6 (30) B1EU07 Baseline Week 13
Best abjective response rate, No. (%) 7 (35) 7(35) A. 64 y/oF, locally advanced cutaneous angiosarcoma of scalp
At 24 wk 6 (30) 6 (30) - S ! .

Disease control rate, No. (%) 14 (70) 12 (60)

f‘ﬁ. ®%)  7(35) 7(35)
’ 56.1(49.4-87)  56.1(49.4-87)

e Evaluation Criteria In Solid Tumors.

Baseline
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Scalp AS
Pre-Tx

Epithelioid
Pre-Tx

Epithelioid
Post-Tx

Pembrolizumab + TVEC in sarcoma

Response: PDL1 expression and TILs at the tumor edge A subset of tumors were “converted” turning from cold to hot
Best PD-L1 status (MPS)(Percent TIL Score Histology
Objective | tumor)
Response | Pre- Post- Pre- Post-
o A g Treatment Treatment Treatment Treatment
N i 1.3 3 PR N/A +ve (10)(5) N/A 3 uPs
CD3+ TIL PR N/A +ve (60)(75) N/A 3 UPs__
-— : PR NIA NIA N/A NJA Myxofibrosarcoma
LR gl PR -ve +ve (5)(5) 1 3 Angiosarcoma
'3 = . PR -ve +ve (60)(60) 3 3 Angiosarcoma
% _ > PR +ve (15)(15) | N/A 3 N/A Epithelioid
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,gié" gt j 4 \ PR -ve N/A 3 NIA Sarcoma NOS
=~ *""’-;'i ¥ - — : & sD v +ye (5)(5) 1 3 LIS
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Bempegaldesleukin+ nivolumab in sarcoma

N/

7\
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Key Eligibility
- Age >12
- Any high grade
sarcoma
- Any # priors
2021 mongress
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Waterfall plot demonstrates decrease in tumor burden

Osteosarcoma
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Define the sarcoma 10 landscape

RNA =54 TCR= 60

EEsMD
Sandra P. D’Angelo, MD Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.
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Genomic features of sarcomas
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Low TMB which didn’t correlate with efficacy

mTMB <2
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FGA did not correlate with efficacy
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PD-1, % Positive Cells

Immune cell populations by IHC

PD-1 expression at baseline CD8+ T cells on treatment :
: : . % change in PD-1+ cells
and on-treatment associated associated with ORR
with ORR
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Baseline classification:

Immune-hot (A), intermediate (B), Immune cold (C)
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On-treatment classification:
Immune-hot (A) and immune-cold (C)
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Immune pathways and hedgehog signaling pathways
differentiate responses
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Relevance of hedgehog signaling pathways

1 CD8+ T cell & Low Hh

GLI1 was differentially expressed gene expression improved PFS
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How should we guide future efforts when the options are endless?

Non-immune
therapies

Radiotherapy

Chemotherapy

Anti-angiogenic
agents

Targeted
therapies

Virotherapy

EEMT

Hallmark mechanisms of
synergy in immunotherapy

Increased lymphocytes infiltration
into tumors

Immunogenic death

Activation of primed T cells and
reversion of exhaustion

Attenuation of immunosuppression
in the microenvironment:
T reg cell function
Myeloid derived suppressor cells
Immunosuppresive
cytokines/enzymes

Increased numbers of tumor specific
T cells

Enhance performance of antigen
presenting cells

Immunotherapies

Immunostimulatory Ab
CTLA4

LAG3
~/ TIM3

- CD137
0X40
GITR
7 CD40

eutralizing other
une inhibitors: TGF,
IL-10, IDO-1

Activating cytokines:
IFNa, IL2, IL-12

Adoptive T cell therapy

Cancer vaccines

Microbiological
adjuvants: TLR agonists,
<«—— STING activators, aGalCer

Adapted from Melero et al

. Nature Reviews 2015



Begin with histology specific cohorts and tissue collection

Identify
ﬁ ® ﬂ biomarkers of:
DDLS Treatment ﬁﬂﬂ Response
on clinical

e Primary

trial ﬂﬁﬂ resistance Guide

e o ® @ [ ] [ ] . » .
LM 'E'H.‘ .'H.“".”H.”n.‘ Pre/on-tx biopsy ey zlt::la:;;zlnt
. T o _
TITTRRT S B
 Plasma

[ ]
- . Histology
UPS ﬂ Stool T specific

markers
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Adapted from Perez-Gracia et al. Cancer Treatment Reviews 2017



Pre/on-treatment biopsies

&0

*\*

EEMT

—

Fresh Tumor
« PDX models

* Tumor cell lines

Fresh Frozen

* Whole exome sequence: TMB,
genomic alterations

* RNA sequence: Immune signatures
such as T cell activation, ag
presentation, PD1 response, T cell
inclusion, macrophages

FEPE

* Multiplex IHC: CD3,8,FoxP3, PD1,
PDL1, LAG, Tim3,

PBMC

* Flow Cytometry

—

Fecal Microbliome

Correlate
‘ with efficacy

Adapted from Melero et al. Nature Reviews Cancer 2015



Bi-directional flow will enhance clinical trial development

>
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Functional Real time
testing in ’ ’ data
model systems analysis
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Landscape
analyses
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Exploring PARP inhibition with checkpoint blockade in LMS
leveraging DDR alterations

Clinical Outcome of Leiomyosarcomas With

Somatic Alteration in Homologous
Recombination Pathway Genes

Phase Il Study of Rucaparib and Nivolumab in Patients with Leiomyosarcoma

Pretreatment baseline
Uterine LMS (n = 121) Soft Tissue LMS [n = 90) evaluation (CT scan,
ancaz JIITRINI == P ||| 3 archival issue)
Evaluate
Aapse | [11{]] B i 22% Response Rate:
enccs || 1 % 0% RECIST 141
RADS1 III 28% 0% g8 weeks
ATR I 17% 0o
8ARD1 | we I 1% ||« WS (atleast 10 uterine) \n
MsH2 I 17% 0% * N=20
CHEK? | o8 | 1% * Unres ectable/metastatic ﬁ Cycle 1 Cycle 2 ﬂmsease Progression
cexz || 0.8% I 2.2% * 1-3 priortherapies
RADSTD | 0.8% 0% R b 600 bid d
RECOL4 | 0.8% 0% ucaparb SUU mg S
Fance - i oz 1-28 and nivolumab 480 mg
28 days
ATM o ' 1.1% Sy
fmear o 1 e LOn-treatment biopsy |
ERcC2 o | 1%
MSHE 0% n 1.1%
PMS2 o | 1%
Ganetic alteration B Truncating mutation 8 Missense mutation I Homarygouws deletion
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Rosenbaum et al. Journal of Precision Oncology, 2020



CDK4 inhibitors demonstrate promising progression free
survival in DDLPS

Progression-Free Survival, %

1.0
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0.2+

0
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Time to Progression, wk

Palbociclib 125 mg PO 3 weeks on/1 off
PFS 12 Weeks: 57 %
Median PFS: 18 weeks
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Sandra P. D’Angelo, MD

140

Overall Survival (%)

MDM2 downregulation, ATRX, and CDH18 are
biomarkers senescence and correlate with efficacy

i - 4 7 8 8 2 3
2 - ¢t o o o oot ot oot
o MOMZ2 i ¢ e e e -

GAPUH D w— G - G- -~ —
- ———

e
7 I

4 >
1 > &

0 100 200 300 400 500 600 700 800 900
Time since treatment initiation (davs)

Patient 1 Patient 2

100+
== CDH18 positive w
754 =a= CDH18 negative g

p=0.005

50+
254 2
©
I
o =}
0 T T 1 o

200 300 400

Time (weeks)

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Dickson et al. JCO 2013
Kovatcheva et al. Oncotarget 2015



Bridging the gap between immunotherapy and cell cycle biology

abemaciclib

Tumor Cells Effector T cell

¥ Proliferation
4 Antigen Presentation

+ aPD-L1

4 Activation

Reciprocal Synergy Enhances Efficacy:

¥¥Cell Cycle Genes
44 MHC-I/MHC-II
44 Inflammation

4T cell Infiltration
44 T cell Effector Function
4 MO & DC activation

EEMT

Phase Il study of Palbociclib + INCMGAOQ0012 in

Dedifferentiated liposarcoma

Pretreatment Restaging
evaluation’, P CT +MRI2
incl. initial albociclib po T : .
. Resta
staging days 121 with |[ INCMGAO0D12 | | GryMIRE Destaging
CT + MRIZ 14 day lead-in Infusion day 15 i 8 weeks
. each cycle v q q12 weeks
1
i ] i 48 weeks . :
! . i o | PR S . Disease progression
r T T | === or
i i i ! treatment toxicity?
! ! ! Continue INCMGAO0012
- iv d15 + palbociclib po
Obtain Baseline On-treatment On-treatment d1-21 pboth qzadp
consent archival tissue biopsy post- biopsy post- ' 14 days
palbociclib combination Y
monotherapy therapy

Schaer D et al. Cell Reports 2018

Goel S et al. Nature 2017



Single sequencing of baseline/on-treatment DDLPS biopsy
specimens
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Future potential targets

Cancer cell death and ag release

- Viral therapy (HSV, adenovirus,
measles, reovirus)

- Targeted therapy

- Chemotherapy

Recognition killing of
cancer cells/cancer
antigen presentation
- CD73

- A2AR antagonist

Anti-PD1, anti-PD-L1, IDO inhibitor, Anti-

Immune cell infiltration into
tumors

- Intratumor cytokines

- TME modulation

@EMD
. Sandra P. D’Angelo, MD

qv ovad-uy ‘Apoqnue
1zad-nuy ‘TN T ‘qy v}

Immune cell priming and activation
- IL-12

- IL-15

- Anti-CD40ab

- Anti-CD47

Immune cell trafficking
- Chimeric antigen receptors

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Pan et al. Journal of Hematology and Oncology 2020



Progress of immunotherapy... Towards increased specificity

Allogeneic
Stem Cell
Transplant
©
IFNa
hairy cell
leukemia

EEMT

Checkpoint
inhibitors
IL-2 .
] Sipuleucel-T CD19/CD3
metastatic RCC vaccine bispecific
prostate ca B cell ALL
Imiquimod Ipilimumab
stimulates
TNF, IL-12 & melanoma
IFNy
basal cell

TVEC
melanoma

CD19 CAR
B cell ALL

large B cell
ALL

Adapted from Nature Review Drugs 2016



Tailoring options based on specific biology
e ———————————mem

Translocation UPS
driven sarcomas Increasing mutation burden (h|gh TMB, hlgh
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1
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g - Monotherapy
§=< 7 3 checkpoint blockade
g ; Ewing sarcoma Synovial sarcoma Embryonal Malignant Osteosarcoma Undifferentiated |
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Ep | t h el | O d E Other examples: alveolar rhabdomyosarcoma, Other examples: dedifferentiated liposarcoma, Other example: leiomyosarcoma
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Continue to expand |0 in sarcoma, must be specific and strategic
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Can we take it any further?

Past Present Future: Precision immunotherapy

\/ Biopsy and sequence sarcoma

\ * Identify pt/tumor specific

antigens
* Characterize the patient
UPS genome

¢ Characterize immune

Enroll in
microenvironment

clinical trial (bulk/scRNA,IHC
multiplex, CODEX)

Checkpoint ‘ Personalized
: inhibitors vaccine
. Synovial
ngiosarcoma
. sarcoma Adoptive cell Targeted NOVE|_ )
En rO” n therapy therapy combinations
clinical trial !
Synovial

- ongress LMS UPS l Sarcoma l DDLPS

.m Sandra P. D’Angelo, MD Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.
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Conclusions

A subset of sarcomas are immunogenic and are most likely to benefit from monotherapy checkpoint
inhibition. Most others will require combinatorial strategies or alternative approaches

Biomarkers such as CD8+ T cells, tertiary lymphoid structures can identify responding tumors and while
“Immune conversion” is feasible in sarcoma...it remains an uncommon event

Designing clinical trials with histology specific cohorts, pre/on-treatment biopsies while taking into

account underlying biology will contribute to further characterization of the molecular and immunological
features of these tumors

Bidirectional flow of information (clinical/lab) along with multi-institutional collaborations will contribute to
practice changing efforts

EEMT
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