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Objectives

Current data with T cell therapy in sarcoma

Determining mechanisms of response / resistance

- What do we know

- How can we learn more

Future alternative options 

- Novel targets

- Alternative approaches (TIL)



Adoptive cell therapy (ACT): 
Expanding immunotherapy options to cold tumors

Chimeric antigen receptor (CAR) T cells

Genetic engineering of T cells for surface markers 

expressed on tumors 

Engineered T-cell receptor (TCR) T cells

Genetic engineering of T cells encoding tumor-specific 

TCRs targeting antigen peptide-HLA complexes

Tumor-infiltrating lymphocytes (TILs)

Lymphocytes naturally present within the tumor are 

expanded to target existing cancer antigens

Grimes JM, et al. Transfus Apher Sci. 2021
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Patient Patient

1. NYESO-1 TCR (letecel)

2. MAGE-A4 TCR (afamicel)

1. Lifileucel



Cancer Testis Antigens (CTAs) Are Proteins That Are 
Aberrantly Expressed in Many Different Cancers  

Normal expression pattern of CTA2,3

No or low expression in 

normal adult somatic cells

Embryos Placenta Testicular germ cells

Cancer testis antigens are promising therapeutic 

targets



Adapted from Bonaventura P et al. Front Immunol 2019

Synovial sarcoma is the prototypical immunologically “cold”  solid 
tumor serving as an ideal model to explore T cell therapy 



Robbins et al. JCO 2011

50% of patients with melanoma/synovial sarcoma treated with 
NYESO TCR  + IL2 had decrease in tumor burden



Pilot study of NY-ESO-1 TCR (lete-cel) in synovial sarcoma

Cohort NY-ESO-1 expression Lymphodepletion regimen

1 

(n=12)

HIGH HIGH doses of fludarabine and cyclophosphamide

IHC score 2+ or 3+ in ≥50% of tumor cells
Fludarabine 120 mg/m2  

Cyclophosphamide 3600 mg/m2 IV  

2 

(n=13)

LOW HIGH doses of fludarabine and cyclophosphamide

IHC score ≥1+ in ≥1% cells but not exceeding 2+ or 

3+ in ≥50% cells

Fludarabine 120 mg/m2 IV  

Cyclophosphamide 3600 mg/m2 IV  

3

(n=5)

HIGH HIGH dose of cyclophosphamide only

IHC score 2+ or 3+ in ≥50% of tumor cells Cyclophosphamide 3600 mg/m2 IV  

4

(n=15)

HIGH LOW doses of fludarabine and cyclophosphamide

IHC score 2+ or 3+ in ≥50% of tumor cells
Fludarabine 90 mg/m2  

Cyclophosphamide 1800 mg/m2

D’Angelo SP et al.  ASCO 2021



ORR ranges from 20-50%, DOR 8-32 weeks

Best Response: Progressive Disease Confirmed Complete or Partial Response Stable Disease

–100.0

Cohort 1

ORR 50%

mDOR 31w
mPFS 15.4w
mOS 24.3m

Cohort 2b

ORR 31%

DOR 8.6w
mPFS 13.1 w
mOS 9.9 m

Cohort 4

ORR 27%

DOR 16.4w
mOS 22.4

Cohort 3b

ORR 20%

DOR 32 w
mPFS 8.6w
mOS 19.9m
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D'Angelo SP et al. CTOS 2020



Letecel in myxoid round cell liposarcoma demonstrates 
promising efficacy 

D’Angelo SP et al, JCO 202 

ORR 20% ORR 40%

Persistence and Expansion higher in responders



Lymphodepletion

Afami-cel Infusion

Key eligibility

• Previously received either an anthracycline- 

or ifosfamide-containing regimen

• ECOG 1-2

• Age ≥1  and ≤ 5

• HLA Screening followed by 

MAGE-A4 IHC testing

Eligibility Assessment, 

Leukapheresis, and 

Manufacturing of 

Afami-cel

Trial Assessments

• Primary endpoint:

ORR by RECIST v1.1†

• Safety Monitoring

• Translational Studies

Long-term Follow-up

Years 1–15Screening and key eligibility

Baseline Tumor

Measurements

Study Enrollment

Days

–7 to –4

Day 1* Day 2 Until End of

Interventional Phase

Approximately 90 patients are planned to be treated

• Cohort 1: 45 patients (enrollment complete)

• Cohort 2: 45 patients (recruiting SyS patients only)

SPEARHEAD-1: Phase 2 Trial  of Afami-cel in Patients With 
Advanced Synovial Sarcoma or MRCLS

D’Angelo SP et al. Lancet 202 



D’Angelo SP et al. Lancet 202 

Afami-cel in synovial sarcoma

v



D’Angelo SP et al. Lancet 202 

Afami-cel in synovial sarcoma 

ORR 39% (17/44) Median duration of response 

12 months



Afami-cel in synovial sarcoma: trend towards improved efficacy 
in those with lower disease burden, lack of bridging, higher 
MAGE4 expression

D’Angelo SP et al. Lancet 202 

Median overall survival 16.9 months

Median overall survival for responders not yet reached



Afamicel adverse events

CRS occurred in 71% (33/44) patients, including 

Grade ≥3 in 2%  1/    of patients 

Median time to onset of 2 (range: 1–5) days 

Median time to resolution of 3 (range: 1–14) 

days 

One patient experienced immune effector cell–

associated neurotoxicity syndrome ICANS resolved 

in 1 day

Cyopenias (leukopenia, neutropenia, lymphopenia, 

thrombocytopenia, anemia) occurred in up to 27% of 

patients

D’Angelo SP et al. Lancet 202 



Eligibility

• HLA-A*02:01, *02:05, or *02:06 positive

• Aged ≥10 years 

• NY-ESO-1–expressing  ≥30% staining at 2+/3+ 

per IHC) metastatic or unresectable SyS or 

MRCLS

• ECOG PS 0–1 

• Must have started/received anthracycline-based 

chemotherapy before apheresis

• Must have progression on their last prior line of 

therapy (bridging therapy excluded) and 

measurable disease per RECIST v1.1 before 

lymphodepletion

Endpoints

• Primary: ORR per RECIST v1.1 by central 

independent review 

• Secondary include: Safety, time to response, 

duration of response, disease control rate, PFS, 

OS

aLeukapheresis eligibility screening 28 days before apheresis.
bBridging therapy permitted, washout periods must be followed.
cDose reductions allowed per protocol.

Lete-cel 

manufacturingb

Lete-cel infusion

Long term follow-

up 

up to 15 years

Baseline tumor 

measurements
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Days −7 

to −4 

Day 1

HLA and 

NY-ESO-1 

screening

Trial assessments

•Efficacy evaluation by 

RECIST v1.1

•Safety monitoring

•Translational

Interventional phase

Leukapheresisa

1–15x109 transduced 

cells

Fludarabine 120 mg/m2

Cyclophosphamide 2700–3600 

mg/m2

Cumulative over 3–4 daysc

Lymphodepletion
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cr
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t

Days −17 

to −8

Scans at Weeks 6, 

12, 18, and 24 and 

then every 3 

months until end of 

interventional phase

IGNYTE-ESO Study: Letecel in synovial sarcoma/MRCLS

D’Angelo SP et al. ASCO 202 



ORR at Primary Analysis: 42% 

Best overall response, n (%) Overall (N=64) SyS (n=34) MRCLS (n=30)

CR 6 (9) 3 (9) 3 (10)

PR 21 (33) 11 (32) 10 (33)

SD 30 (47) 14 (41) 16 (53)

PD 6 (9) 5 (15) 1 (3)

NE 1 (2) 1 (3) 0

ORR [95% CI] 27 (42) [29.9–55.2] 14 (41) [24.6–59.3] 13 (43) [25.5–62.6]
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Patient s   ho had a best ob ective response of not evaluable are not sho n in figure.

Data displayed is restricted to patients receiving lete cel intended commercial supply.

SyS, synovial sarcoma  M CLS, myxoid/round cell liposarcoma  C , complete response  P , partial response  SD, stable disease  PD, progressive disease.

PDSDCR/PRBest objective response:MRCLSSyS

D’Angelo SP ASCO 202 



Non-responder

Responder

Response

MRCLS

SyS

therapy

Anti-cancer

response

First confirmed

progression

RECIST

Ongoing

Death

Median duration of response 12.2 months

Overall 

(N=64)

SyS 

(n=34)

MRCLS 

(n=30)

Duration of 

response, months, 

median (95% CI)

12.2 

(6.8, 

19.5)

18.3 

(3.3, –)

12.2 

(5.3, –)

Progression-free 

survival, months, 

median (95% CI)

5.3 

(4.0, 8.0)

3.9 

(2.6, 7.8)

7.7 

(5.2, 9.2)

0 10 20

 ime since   cell infusion  months 

 on responder

 esponder
        

M CLS
SyS

therapy

Anti cancer

response

 irst confirmed

progression

  CIS 

Ongoing

Death

                                                                            
           

Data displayed is restricted to patients receiving lete cel intended commercial supply.
SyS, synovial sarcoma  M CLS, myxoid/round cell liposarcoma.

D’Angelo SP ASCO 202 



Treatment-Emergent Lymphodepletion-Related AEs

Adverse event, n (%) Any grade Grade ≥3

Any event 65 (98) 59 (89)

Neutropenia 48 (73) 48 (73)

Thrombocytopenia 42 (64) 32 (48)

Anemia 41 (62) 29 (44)

Leukopenia 32 (48) 31 (47)

Febrile neutropenia 19 (29) 18 (27)

Fatigue 14 (21) 0

Alopecia 13 (20) 0

Diarrhea 13 (20) 0

Decreased appetite 12 (18) 2 (3)

Nausea 12 (18) 0

Aspartate aminotransferase increased 11 (17) 6 (9)

Hypophosphatemia 11 (17) 2 (3)

Lymphodepletion-related AEs in >15% of patients, N=66

• There was one Grade 5 treatment-emergent lymphodepletion-related AE of pulmonary alveolar hemorrhage in the setting 

of pancytopenia, and a platelet count of 0 despite HLA-matched platelets and platelet-stimulating agents



Treatment-Emergent T Cell–Related AEs

Adverse event, n (%) Any grade Grade ≥3

Any event 64 (97) 56 (85)

Cytokine release syndrome 61 (92) 8 (12)

Rash (and associated terms) 42 (64) 23 (35)

Neutropenia 30 (45) 28 (42)

Anemia 26 (39) 22 (33)

Thrombocytopenia 23 (35) 20 (30)

Alanine aminotransferase increased 21 (32) 11 (17)

Pyrexia 20 (30) 2 (3)

Aspartate aminotransferase increased 19 (29) 6 (9)

Diarrhea 16 (24) 0

Leukopenia 16 (24) 15 (23)

Nausea 16 (24) 0

Hypophosphatemia 13 (20) 0

Febrile neutropenia 12 (18) 11 (17)

Pruritus 12 (18) 0

Dyspnea 11 (17) 3 (5)

Headache 10 (15) 0

T cell–related AEs in ≥15% of patients, N=66

Cytokine release syndrome (CRS)a

• Median time of onset: 2 days (range 1 to 9)

• Median duration: 7 days (range 2 to 51)

• Among the patients with CRS, 79% required tocilizumab, 

27% corticosteroids, and 6% anakinra

Rash (and associated terms)a

• “Rash maculopapular” was most common rash AE reported

• Median time of onset: 7 days (range: 2–332)

• Median duration: 22 days (range: 1–498)

Neurological

• ICANS occurred in four (6%) patients, all Grade 1

Grade 5 related AE

• There was one T cell-related AE of cardiac arrest, attributed 

primary pulmonary etiology

D’Angelo SP ASCO 202 



More than a decade of T cell therapy in sarcoma: 
Lessons learned 

Protocol 13:236 

Lete-cel (NYESO-1) TCR in 
synovial sarcoma

ORR 20-50%

DOR 15-30 weeks

 

Protocol 16:1406

Lete-cel (NYESO-1) TCR in 
myxoid round cell 

liposarcoma  

ORR 20-40%

DOR 5-7m

Protocol 19:316

Afami-cel (MAGE-A4 TCR) in 
synovial sarcoma + MRCLS

ORR 39% (SS), 25% (MRCLS)

DOR 12m (SS), 4m MRCLS)

Protocol 20:055

Lete-cel (NYESO-1) TCR in 
synovial sarcoma + MRCLS

ORR 43%

DOR 12.2m

2016

• Higher LDR impacts efficacy (Flu 

120mg/m2 + Cy 2700mg/m2)
• Bridging therapy is essential 

option 

• Correlates of response: expansion, 
persistence, IL15 levels, depletion 

of lymphocytes
• Correlates of resistance: loss of 

HLA expression & Ag presenting 

machinery

2013

• Correlates of response: 

Expansion, persistence, 
IL15 levels, depletion of 
lymphocytes

•       z          ’  
appear to impact efficacy

2019

• Clinical correlates: Lower 

disease burden, higher 
MAGEA4 expression, lack of 
bridging therapy

• Higher cell dose may impact 
efficacy

• Integrating cells early is likely 
better

BLA planned for 2025

• Primary endpoint met

2020

D’Angelo SP Cancer Discovery 201 , D’Angelo SP JCO 202 , D’Angelo SP Lancet 202 , D’Angelo SP ASCO 202 

FDA approved in 2024



Expanding our targets

Chandran and Klebanoff, Immunol Rev 2019

Intracellular proteins

     ~89% of the proteome

•   xclusively TCR targets

•   xamples:

i. Tissue differentiation antigens

ii. Shared cancer-specific antigens

            - cancer-germline antigens

            - viral antigens

iii. Private neoantigens

iv. Public neoantigensneoantigens

Membrane-associated proteins

     ~11% of the proteome

•  Potential antibody and CA  targets

•   xamples:
     

         CD19, BCMA, mesothelin, HER2, B7H3  

T cell

Cancer cell

T cell

Cancer cell

TCR

HLA

Peptide

CAR (scFv)

Surface antigen

HLA-
independent

HLA-
dependent



EWSR1-WT1: a recurrent oncogenic driver with intronic 
breakpoints

Gerald, Rosai, Ladanyi, PNAS (1995)

1 2 4 7 8 9 10

COOHNH2

3 5 6

WT1
(chromosome 11p13)

EWSR1 
(chromosome 22q12)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

COOHNH2

EWSR1-WT1 

t(11;22)(p13:q12)

1 2 3 4 5 6 7

NH2

8 9 10

COOH

YSQQSSSYGQQSEKPYQCD

EWSR1-WT1 7/8 

junction 
amino acid sequence:

EWSR1 

Exon

Dylan Domenico, Papaemmanouil Lab MSKCC unpublished data. Please do not copy or repost

Central Hypothesis: Recurrent oncogenic fusion proteins generate immunogenic public NeoAgs that 

can serve as the foundation for T cell-based immunotherapies.

*Led by Lauren Banks, MD PhD



Tumor regression in mice harboring DSRCT tumors treated with 
CD8 T cells expressing fusion-specific TCRs
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Adoptive cell therapy (ACT): 
Expanding immunotherapy options to cold tumors

Chimeric antigen receptor (CAR) T cells

Genetic engineering of T cells for surface markers 

expressed on tumors 

Engineered T-cell receptor (TCR) T cells

Genetic engineering of T cells encoding tumor-specific 

TCRs targeting antigen peptide-HLA complexes

Tumor-infiltrating lymphocytes (TILs)

Lymphocytes naturally present within the tumor are 

expanded to target existing cancer antigens

Grimes JM, et al. Transfus Apher Sci. 2021

CAR T-cell and 

TCR T-cell 

manufacturing 

process

TIL

manufacturing 

process

Leukapheresis

Tumor 

excision

T-cell selection 

and activation
Genetic

modification with 

CAR or TCR

Processing

and infusion

Expansion of 

genetically 

modified T cells

Tumor dissection

and fragmentation

Initial TIL

expansion TIL activation 

assay

Processing 

and infusion

Expansion of 

tumor-activated 

TILs

Patient Patient

1. NYESO-1 TCR (letecel)

2. MAGE-A4 TCR (afamicel)

1. Lifileucel



TILs are present in complex > fusion-associated sarcomas

Demico et al, Mod Pathol, 2019



Mullinax et al, CTOS 2023 

Phase I study in AYA sarcoma

Primary endpoint: feasibility (>33% manufacturing success) and safety (>G3 treatment 

related toxicity) in <20%)

All eligible patients with expanded product (n = 5) completed TIL-ACT regimen

No TIL-related toxicity

TIL harvest/expansion/infusion is feasible in STS



Diagnosis of advanced UPS or DDLPS

No contraindication to IL-2 or fludarabine/cyclophosphamide 

conditioning therapy

Progressed on ≥ 1 line of prior therapy

One lesion ≥ 1.5cm in size, 2nd measurable target lesion

Primary endpoint: safety and feasibility

At least 5 of 10 patients who undergo tumor harvest must undergo TIL 

infusion 

Early stopping rule for Grade 5 toxicity or unacceptable proportion of 

Grade 4 non-heme tox due to TIL

Secondary endpoints:

Objective response rate

Ongoing pilot study of lifileucel in uveal melanoma

• Primary endpoint: Feasibility, # patients who undergo TIL infusion

• Secondary endpoint: Proportion of patients who achieve successful manufacturing of lifileucel, Overall response 
rate

Screening 

Period

< 28 days 

from ICF 

signature

Enrollment

Tumor Harvest

Treatment Period

LDR (Day -5 to Day -1)

LN-144 infusion (Day 0)

IL-2 therapy (Day 0 to Day 4; max 

6 doses)

Assessment Period

Every 6 weeks for first 6 months

Every 3 months thereafter (starting 

Month 6)

OS Follow-

up Period

Up to 2 

years
PI: Evan Rosenbaum MD

Lauren Banks, MD PhD



Afamicel and letecel have shown promise in synovial sarcoma and myxoid round cell 

liposarcoma

There is a pressing need to identify biomarkers of response/resistance

 

Exploring alternate adoptive cell approaches, ie TIL, as new targets, ie fusions will contribute 

to novel and exciting therapeutic options in the future

Conclusions
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