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Sarcoma is a heterogeneous group of cancers 
arising from connective tissue SUCKS

We can cure localized disease  
with surgery and radiation

We can NOT cure metastatic  
disease by any means



Formally: Standard therapy in metastatic soft tissue sarcoma  
is minimally effective and highly toxic

The best targeted agent was compared to PLACEBO as 
recently as 2012 and only won by 3 months in OS



Adoptive Cell Therapy with Tumor Infiltrating Lymphocytes

Rosenberg & Restifo, Science, 2015 



activity of TIL. Our initial results indicate an increased
viability and activity in tumor-specific TIL.13

Finally, it has been shown that persistence of adop-
tively transferred TIL correlates with tumor regression.14

Addition of posttransfer agents that enhance the persis-
tence of TIL after ACT are currently being explored. We
have shown that treatment with anti-PD-L1 antibody after
ACT can enhance the persistence of TIL in a murine model
of melanoma.15 Such a combination therapy may be con-
sidered in future clinical trials as well.
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FIGURE 2. Lymphodepletion and adoptive cell therapy–induced regression of metastatic disease in the lungs, with a small degree of
radiographic residua indicative of a partial response. In the pretreatment scans, measured 1.3!1.0 cm (A), measured 1.1!0.8 cm, and
measured 2.0!1.5 cm (C). In the posttreatment scans, all lesions were <1.0 cm.

TABLE 3. Infused TIL Characteristics

Patient
No. Days* Expansionw

No. TIL
Infused

Viability
(%)

%CD4/
%CD8

2 52 1567 4.7!1010 93 42/56
4 45 1133 3.4!1010 93 37/57
5 192 1433 4.3!1010 83 1/94
7 101 1040 5.2!1010 84 88/6
8 45 1340 6.3!1010 82 7/88
9 39 1480 7.4!1010 80 1/96
12 110 400 2.0!1010 85 66/33
13 47 1217 7.3!1010 79 4/82
15 38 1100 6.6!1010 91 5/89
16 45 1100 11.0!1010 95 9/80
17 53 630 3.8!1010 82 68/30
18 40 1300 7.8!1010 84 10/90
19 53 550 3.3!1010 83 66/23
Mean 66 1099 5.6!1010 85 31/63

*Days from surgical resection to TIL infusion.
wFold-expansion of TIL during rapid expansion.
TIL indicates tumor-infiltrating lymphocytes.

J Immunother " Volume 35, Number 8, October 2012 Efficacy of ACT After Lymphopenia Induction
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Of initial 36 consecutive patients treated on trial at MCC: 
• 95% success rate for growth (>2e7) by patient 
• 34% success rate for growth by fragment 
• ~50% response rate in those treated 

Pilon-Thomas et al, J Immunother, 2012

TIL therapy works in melanoma
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Sarcoma samples contain cytotoxic T lymphocytes
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TIL reactivity is generally poor in sarcoma
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Result 1: IFN gamma reactivity assay does not correlate with 

outcome
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Colored dots: melanoma patients treated on trial 
Grey dots: TIL derived from fragments of resected sarcomas

Result 2: Sarcoma TIL are more heterogeneous than 
melanoma TIL
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In contrast to melanoma, sarcoma TILs are diverse
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Team Blue Question:





Modeling tumor-immune interactions is complex… 
too complex!
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A Boolean network approach to reduce regulatory complexity



Analysis of network perturbations

Stable states # transient 
 states

Up-regulated stable state

Down-regulated stable state

Up-regulated stable state

Down-regulated stable state

Stable states # transient 
 states

Internal perturbations:

External regulation:



Result 3: A simplified model captures the 
essential regulatory dynamics 
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Understanding tumor-immune dynamics with an ODE model
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Mathematical Model for The Immune Response to Tumor Cells in

Sarcoma

Team Blue IMO2015

November 12, 2015

1

Recapitulating homeostasis, successful immune surveillance 
and tumor immune evasion



modulating immune response 1: checkpoint inhibitors
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Result 4: Shifting the balance of innate and adaptive immune 
interactions can change tumor fate
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Incorporating tumor/immune co-evolution: effects of 
heterogeneity on therapeutic response
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Treatment with all possible TIL clones
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Disease free interval can be measured in silico



Treatment with near-clonal TIL 
(CAR T-cells?)
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Result 5: Highly heterogeneous tumors are resistant to 
treatment with specific T-cell populations



What if we have a oligo-clonal tumor where one clone  is 
amenable to targeted therapy?
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- Result 1: Standard IFN gamma reactivity assay does not 
correlate with outcome 

- Result 2: Sarcoma TIL are more heterogeneous than 
melanoma TIL  

- Result 3: A simplified model captures the essential regulatory 
dynamics 

- Result 4: Shifting the balance of innate and adaptive immune 
interactions can change tumor fate  

- Result 5: Highly heterogeneous tumors are resistant to 
treatment with specific T-cell populations

Specific aim 2: Construct mathematical models to characterize the 
optimum patient-specific TIL meta-phenotype in metastatic sarcoma

Specific aim 1: Identify phenotypic signatures of ex vivo sarcoma-derived 
TIL that predict ACT efficacy



$20k lab data 
acquisition

>20 fragments frozen 
CD3/4/8/56 phenotype data

9 patients to date  
+ 20 within 12 months

proof of principle 
to describe dynamics

re-analysis of 
melanoma data $10k postDoc 

—> SA2
$20k postDoc 

—> SA1

Importance: Our approach will improve ACT for sarcoma, and is generalizable. 
Originality: We are the world’s leading group applying ACT to sarcoma. A 
hierarchy of mathematical models tackles the complexity of tumor-immune 
dynamics. 
Feasibility: We are augmenting an on-going Moffitt clinical protocol in human 
subjects with sarcoma. 
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