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Discuss the role of checkpoint blockade in the treatment of sarcoma

Objectives

• History

• Challenges

• Success

• Biomarkers

• Future directions

Sandra P. D’Angelo, MD
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Rapid revolution in immunotherapy field

Park YJ Experimental & Molecular Medicine 2018

Sandra P. D’Angelo, MD
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Unprecedented decrease in mortality

American Associated of Cancer Progress Report 2019, 

Sharma et al. Cell 2015, Siegel R CA Cancer J Clinic 2020

Sandra P. D’Angelo, MD
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Success of checkpoint blockade

ORR remains in 

10-20% range and 

often not durable

Siu LL  et al. CCR 2017

Sandra P. D’Angelo, MD
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Immunomodulatory pathways are complex

Sandra P. D’Angelo, MD
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Tumor microenvironment is complex

Sandra P. D’Angelo, MD

Quail et al. Nat Med 2013
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Numerous immunosuppressive signals exist

Sandra P. D’Angelo, MD

Hinshaw D et. Al. Cancer Res 2019
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Biggest challenge heterogeneity of sarcoma

Sandra P. D’Angelo, MD
Taylor et al.  Nature 2011, Brennan et al.  

Management of Soft tissue sarcoma.  Springer  2013
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Idea of immunotherapy in sarcoma is not new

Sandra P. D’Angelo, MD

Coley, WB. Proc R Soc Med 1909
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Ipilimumab initiated modern day immunotherapy

Sandra P. D’Angelo, MD
Hodi FS et al. N Engl J Med 2010

Maki et al.  Sarcoma 2013

Circa 2005: Ipilimumab in Synovial sarcoma 
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PD-L1 expression and TIL infiltrates vary based on sarcoma subtype

Sandra P. D’Angelo, MD

D’Angelo SP et al.  Human Pathology 2015
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Sarcoma TCGA further illustrates variability 

Sandra P. D’Angelo, MD

UPS/MFS and 

DDLPS had the 

highest median 

macrophage 

scores

DDLPS had 

highest CD8 

score

STLMS had highest 

PD-L1 score 

Subset of 

DDLPS with 

immune 

signatures of T 

cell activation

The Cancer Genome Atlas Research Network. Cell 2017
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Sarcoma checkpoint inhibitor studies

Sandra P. D’Angelo, MD

Disease Checkpoint inhibitor Partner n ORR

Median 

PFS (m) Author

LMS, UPS, GIST, others Pembrolizumab Cyclophosphamide 50 6.70% 1.4 Le Cesne et al

STS Pembrolizumab Axitinib 33 25% 4.7 Wilky et al

All Sarcoma Nivolumab +/- ipilimumab None 43/42 5%/16% 1.7 /4.1 D'Angelo et al

STS Pembrolizumab Cyclophosphamide 57 2% 1.4 Toulmonde et al

All Sarcoma Pembrolizumab None 84 18%/5% 4.5/2 Tawbi et al

STS Ipilimumab Dasatinib 28 0% 2.8 D'Angelo et al

All Sarcoma Durvalumab Tremelimumab 57 14.3% 4.5 Somaiah et al

GIST, UPS, DDLPS Nivolumab +/- ipilimumab None 66 0% -14% 1.5 - 5.5 Chen et al

STS Pembrolizumab Doxorubicin 30 33% 6.9 Livingston et al

STS Ipilimumab/Nivolumab Trabectedin 41 19.50% 6 Gordon et al

STS Nivolumab Sunitinib 68 13% 5.6 Martin-Broto

Bone Nivolumab Sunitinib 40 5% 3.7 Palmerini et al

STS Pembrolizumab Doxorubicin 37 22% 8.1 Pollack et al

Slide courtesy of Evan Rosenbaum, MD

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

Sandra P. D’Angelo, MD

ORR OS PFS

Pazopanib vs placebo *non-

adipocytic STS

6% vs 0 12.5m vs 10.7m 4.6m vs 1.6m

Eribulin vs DTIC * LPS/LMS 4% vs 5% 13.5m vs 11.5m 2.6m vs 2.6m

Trabectin vs DTIC *LPS/LMS 9.9% vs 

6.9%

12.4m vs 12.9m 4.2m vs 1.5m

Dox olara vs dox *STS 18% vs 12% 26.m vs 14.7m 4.1m vs 6.6m

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

What is the impact of trial design? 

Lack of signal? Lack of efficacy ?

Judson et al. Lancet Onc 2014, Van der Graff et al. Lancet 2012, 

Maki et al. JCO 2007, Demetri et al. JCO 2015, Tap et al. Lancet 2016 
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Recent sarcoma successes have been in histology specific studies

Sandra P. D’Angelo, MD
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Sorting/splitting may tease out efficacy (or lack of)

Sandra P. D’Angelo, MD

Tawbi et al. Lancet Oncology 2018, Chen et al. ASCO 2020,  Coyne et al. CTOS 2018, 

Florou et al. JITC 2019,  Wilky et al. Lancet Oncology  2019, Ben-Ami Cancer 2017

Histology Drugs Response rate 

UPS Pembrolizumab

Nivolumab + ipilimumab

23%

29%

ASPS Atezolizumab

Pembrolizumab + axitinib

42%

55%

Angiosarcoma CTLA4 blockade, pembrolizumab, 

pembrolizumab + axitinib

71%

DDLPS Pembrolizumab

Nivolumab + ipilimumab

10%

14%

Osteosarcoma Pembrolizumab 4.5%

Uterine LMS Nivolumab 0%
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Sharma P et al. Cancer Discov 2021

Predictive biomarkers to immunotherapy 

Sandra P. D’Angelo, MD
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IHC-based immune biomarker studies

Sandra P. D’Angelo, MD

Zhu et al. Cancer treatment reviews 2021
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Differential quantities of immune cells exist

Sandra P. D’Angelo, MD
Yarne Klaver et al. JITC 2020

Variation in numbers of 

CD8+ T cells across STS 

subtypes

- Highest in GIST 

and MFH 

compared to 

DDLPS
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SARC028: Baseline TIL, Tumor infiltrating macrophages 
and PD-L1 +  (UPS/DDLPS) correlate with efficacy 

Sandra P. D’Angelo, MD

Keung E et al.  CCR 2020

% PD-L1 positive tumor 

cells
Density of TIL at 

baseline

% Tumor infiltrating 

macrophages at baseline
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Painter et al.  Nature Medicine 2020

Median 

TMB ~2

Median 

TMB ~25

High TMB/UV signature: Head and neck
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Tertiary lymphoid structures and “hot” tumors  

Sandra P. D’Angelo, MD
Petitprez et al.  Nature 2020

A B C D E

Immune low Vasc Immune hot
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Padmanee S et al. Cancer Discov 2021

Tumor-intrinsic

• Low TMB

• Limited neoAg

• 20% LMS DDR

• Variable PDL1 

expression

• MSI high 

uncommon

• Limited PTEN loss

Immune-specific

• Variable T cells

• B cell signature

• IFN signature

• High M2 

Biomarkers to immunotherapy in Sarcoma

Sandra P. D’Angelo, MD
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What is the optimal way to convert tumors and increase 
immune infiltrates?

Sandra P. D’Angelo, MD
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ORR 35%; mDOR – 56.1 weeks

Epithelioid Sarcoma, Cutaneous 

Angiosarcoma, UPS, Myxofibrosarcoma, 

Sarcoma unclassified

Kelly C, Antonescu C et al.  JAMA Oncology 2019

Pembrolizumab + TVEC in sarcoma

Sandra P. D’Angelo, MD
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Atypical tumor cells

PD-L1 +  

CD3+ TIL

Residual viable tumor

PD-L1 +  

CD3+ TIL

Response: PDL1 expression and TILs at the tumor edge A subset of tumors were “converted” turning from cold to hot

Kelly C, Antonescu C et al.  JAMA Oncology 2019

Pembrolizumab + TVEC in sarcoma

Sandra P. D’Angelo, MD
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Bempegaldesleukin+ nivolumab in sarcoma

Sandra P. D’Angelo, MD

D’Angelo SP et al, manuscript in preparation 

Chondrosarcoma
n=10

Osteosarcoma
n=10

Leiomyosarcoma
n=10

Undifferentiated 
pleomorphic sarcoma

n=10
Dedifferentiated 

Liposarcoma
n=10

Vascular Sarcoma
n=10

Treat until 
- Progressive 

disease
- Adverse events

High Grade 
Sarcoma

N= 84

NKTR-214 
0.006mg/kg

+
Nivolumab 

360mg

Every 3 weeks

On-treatment

Biopsy

Week 3

Baseline

Biopsy

ASPS
n=4

Other
n=14

Small blue round 
cell/synovial sarcoma

n= 6

Key Eligibility

- Age >12

- Any high grade 

sarcoma

- Any # priors
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Waterfall plot demonstrates decrease in tumor burden

Sandra P. D’Angelo, MD

-100%

-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

LMS UPS DDLPS CS OS ASPS SBRC Vascular Other

PR 1/10 2/10 0 1/10 0 1/4 0 3/8 1/10

Median 

DoR (m)

3.8 14.8 - 12.9 - 11.8 - 5.9 16.3

D’Angelo SP et al, manuscript in preparation 
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Define the sarcoma IO landscape

Sandra P. D’Angelo, MD

TCR= 60

IHC= 65WES= 73

RNA = 54

D’Angelo SP et al, manuscript in preparation 
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Genomic features of sarcomas

Sandra P. D’Angelo, MD

D’Angelo SP et al, manuscript in preparation 
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D’Angelo SP et al, manuscript in preparation 

mTMB <2 

Low TMB which didn’t correlate with efficacy

Sandra P. D’Angelo, MD



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

FGA did not correlate with efficacy

Sandra P. D’Angelo, MD

D’Angelo SP et al, manuscript in preparation 
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Immune cell populations by IHC

Sandra P. D’Angelo, MD

% change in PD-1+ cells 
PD-1 expression at baseline 

and on-treatment  associated 

with ORR  

CD8+ T cells on treatment 

associated with ORR 

D’Angelo SP et al, manuscript in preparation 
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Group A Group CGroup B

D’Angelo SP et al, manuscript in preparation 

Baseline classification:
Immune-hot (A), intermediate (B), Immune cold (C)
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Sandra P. D’Angelo, MD

Group A Group C

D’Angelo SP et al, manuscript in preparation 

On-treatment classification:
Immune-hot (A) and immune-cold (C) 
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Immune pathways and hedgehog signaling pathways 
differentiate responses

Sandra P. D’Angelo, MD

D’Angelo SP et al, manuscript in preparation 



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

GLI1 was differentially expressed

D’Angelo SP et al, manuscript in preparation 

Relevance of hedgehog signaling pathways  

Sandra P. D’Angelo, MD

↑ CD8+ T cell & Low Hh
gene expression improved PFS
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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 

Non-immune 

therapies

Radiotherapy

Anti-angiogenic 

agents

Targeted 

therapies

Virotherapy

Chemotherapy

Immunotherapies 

Immunostimulatory Ab

CTLA4

PD1/PDL1

LAG3

TIM3

CD137

OX40

GITR

CD40

Neutralizing other 

immune inhibitors: TGFβ, 

IL-10, IDO-1

Activating cytokines: 

IFNα, IL2, IL-12

Adoptive T cell therapy

Cancer vaccines 

Microbiological 

adjuvants: TLR agonists, 

STING activators, αGalCer

Adapted from Melero et al.  Nature Reviews 2015

How should we guide future efforts when the options are endless?

Sandra P. D’Angelo, MD
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Begin with histology specific cohorts and tissue collection 

Sandra P. D’Angelo, MD

Adapted from Perez-Gracia et al.  Cancer Treatment Reviews  2017
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Pre/on-treatment biopsies

Sandra P. D’Angelo, MD

• PDX models

• Tumor cell lines

Fresh Tumor

• Whole exome sequence: TMB, 
genomic alterations 

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

Fresh Frozen

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

FFPE

• Flow Cytometry

PBMC

Fecal Microbiome

Correlate 

with efficacy 

Adapted from Melero et al. Nature Reviews Cancer 2015  
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Collaborate

Clinic

al 

Trials

Real time 
data 

analysis

Landscape 
analyses

Functional 
testing in 

model systems

Bi-directional flow will enhance clinical trial development

Sandra P. D’Angelo, MD
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Exploring PARP inhibition with checkpoint blockade in LMS 
leveraging DDR alterations

Sandra P. D’Angelo, MD

Rosenbaum et al.  Journal of Precision Oncology, 2020
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CDK4 inhibitors demonstrate promising progression free 
survival in DDLPS

Sandra P. D’Angelo, MD
Dickson et al. JCO 2013

Kovatcheva et al. Oncotarget 2015 

Palbociclib 125 mg PO 3 weeks on/1 off 

PFS 12 Weeks: 57 %

Median PFS: 18 weeks

MDM2 downregulation, ATRX, and CDH18 are 

biomarkers senescence and correlate with efficacy
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Bridging the gap between immunotherapy and cell cycle biology

Sandra P. D’Angelo, MD

Schaer D et al. Cell Reports 2018 

Goel S et al. Nature 2017 

NCT04438824

Phase II study of Palbociclib + INCMGA0012 in 

Dedifferentiated liposarcoma
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Single sequencing of baseline/on-treatment DDLPS biopsy 
specimens

Sandra P. D’Angelo, MD
Gularte-Merida, Rodrigo

Singer Lab
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Future potential targets

Sandra P. D’Angelo, MD

Pan et al.  Journal of Hematology and Oncology 2020

Cancer cell death and ag release 

- Viral therapy (HSV, adenovirus, 

measles, reovirus)

- Targeted therapy

- Chemotherapy 
Immune cell priming and activation

- IL-12

- IL-15

- Anti-CD40ab

- Anti-CD47

Immune cell trafficking 

- Chimeric antigen receptors

Recognition  killing of 

cancer cells/cancer 

antigen presentation

- CD73

- A2AR antagonist

Immune cell infiltration into 

tumors

- Intratumor cytokines

- TME modulation
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Progress of immunotherapy…Towards increased specificity

Sandra P. D’Angelo, MD

Allogeneic 
Stem Cell 
Transplant

IFN⍺

hairy cell 
leukemia

IL-2

metastatic RCC

Imiquimod 
stimulates 

TNF, IL-12 & 
IFN𝛾

basal cell

Sipuleucel-T 
vaccine

prostate ca 

Ipilimumab 

melanoma

Checkpoint 
inhibitors

CD19/CD3 
bispecific 

B cell ALL

TVEC  

melanoma

CD19 CAR

B cell ALL

large B cell 
ALL 

1970 1992

Adapted from Nature Review Drugs 2016

1986 2004 2010 2011 2014 2015 2017
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Jamie Lim et al. Clin Cancer Res 2015

Tailoring options based on specific biology

Sandra P. D’Angelo, MD

Translocation 

driven sarcomas

- Adoptive cell 

therapy

UPS

(high TMB, high 

immune infiltrates, 

tertiary lymphoid 

structures)

- Monotherapy 

checkpoint blockade

Epitheliod

sarcomas, MPNST,

- epigenetic 

therapy + IO

LMS/Osteosarcoma

- Time to look beyond 

PD1 blockade

- Explore novel 

targets/combinations 

CD47, A2AR
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MAGE4/

NY-ESO-1

Continue to expand IO in sarcoma, must be specific and strategic

Sandra P. D’Angelo, MD

MAGE4/

NY-ESO-1
CDK4 

ALK

PDGFR

beta-

catenin

PI3K

TSC

INI loss

KIT

Taylor et al.  Nature 2011
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Can we take it any further?

Sandra P. D’Angelo, MD

Past 

Enroll in 

clinical trial

DDLPS

UPS
LMS

DDLPS

UPS

Synovial 
sarcoma

Angiosarcoma

LMS

Enroll in 

clinical trial

Present

Adapted from Mandal R et al. Cancer Discov 2016

Future: Precision immunotherapy

• Identify pt/tumor specific 

antigens

• Characterize the patient 

genome

• Characterize immune 

microenvironment 

(bulk/scRNA,IHC

multiplex, CODEX)

Biopsy and sequence sarcoma

Checkpoint 

inhibitors

Personalized 

vaccine

Adoptive cell 

therapy

Novel 

combinations
Targeted 

therapy 

LMS UPS
Synovial 

Sarcoma 
DDLPS
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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

Sandra P. D’Angelo, MD

Conclusions
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