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1. Immunotherapy basics

2. Future of IO response prediction 

3. Emerging biomarkers for immunotherapy sensitivity 
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Immunotherapy Basics



5 | ©2020 FOUNDATION MEDICINE, INC. ALL RIGHTS RESERVED.

There are many ways tumors can avoid immune detection:

The Ability to Evade the Immune System is a Hallmark of 
Cancer

1. Davies M. Cancer Manag Res. 2014;6:63-75.
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T-cell antigen recognition and presentation and tumor immune evasion and microenvironment 

Complex Landscape for Immune Checkpoint Blockade

1. Keenan TE et al, Nat Med. 2019;25(3):389-402

• Tumor Cells

− Stimulatory receptors to present neoantigens

− Inhibitory receptors put the brakes on the immune system 

• Immune Cells

− Tumor infiltrating T-cells (TILs) to secrete cytokines

• Regulatory T cells 

− Need to enhance anti-tumor activity but avoid deleterious 
autoimmunity 

• Microenvironment resistance pathways that can suppress 
signaling 
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Future of IO Response Prediction
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TMB and MSI measurement supplements 
extensive genomic information

1. Frampton, G.M., et al. (2013) Nat Biotechnol 31:1023-31; 
2. Boland, C.R. and Goel, A. (2010) Gastroenterology 138:2073-87; 
3. Salipante, S.J., et al. (2014) Clin Chem 60:1192-9; 
4. Foundation Medicine, Inc (2018). Available at: https://www.foundationmedicine.com/genomic-testing (Accessed November 2019);
5. Meléndez, B., et al. (2018) Transl Lung Cancer Res 7:661-7.

.....Specific genomic alterations may independently impact likelihood of response 
to checkpoint inhibitors…..
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Genomic correlates of response and resistance organized 
by primary location 

1. Keenan TE et al, Nat Med. 2019;25(3):389-402
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Emerging biomarkers for 
immunotherapy sensitivity
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DNA damage repair pathway 

1. Wang F, et al. JAMA Oncol. 2019;5(10):1504-1506

➢Across 47,721 patients, the mutational frequencies of 
POLE and POLD1 were 2.79% and 1.37%, respectively

➢nonmelanoma skin cancer having the highest levels 
of POLE/POLD1 mutations

➢The TMB of patients with these mutations was 
substantially higher

➢POLE/POLD1 alterations predicted response:

➢ patients with either POLE or POLD1 mutations 
showed a significantly longer OS of 34 months vs 
18 months

Overall survival of patients with POLE/POLD1 mutations vs those 
without or with MSI-H

DNA polymerases 
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PD-L1/PD-L2 amplification as predictive biomarker for 
checkpoint inhibitor response

1. Goodman AM, et al. JAMA Oncol. 2018;4(9):1237-1244

• PD-L1 (CD274) gene amplification identified in 843 of 
118,187 samples (0.7%) from 100 different tumor 
types

• PD-L1-amplified tumors were most commonly 
associated with low to intermediate TMB

• PD-L1 amplification predicted response:

➢ 66.7% of patients (6 of 9) with PD-L1 
gene amplification vs 29.8% patients (45 of 151) 
in the overall treated cohort (P=.03)

➢ Median PFS among the 9 patients was 15.2 
months (range, 1.6 to ≥ 24.1 months)

Progression-free survival (PFS) in 9 patients with PD-L1 
amplifications who received checkpoint inhibitor therapy
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CDK12 inactivating mutations and response to ICIs 

1. Wu YM  et al, Cell. 2018;173:1770-1782

• CDK12 biallelic inactivating mutations define a distinct 
subtype of prostate cancer

• CDK12 loss is associated with genomic instability and focal 
tandem duplications

➢Across multiple cancer types, including gastric/ 
esophageal, ovarian, breast, and endometrial cancer, the 
number of focal tandem duplicates (FTDs) was 
significantly increased in CDK12-LOF versus CDK12 wild-
type cases

• CDK12 loss leads to increased gene fusions, neoantigen 
burden (FTD burden), and T cell infiltration

Exceptional PSA responses have been observed (two of four 
patients) in men with mCRPC treated with an anti-PD-1 
immune checkpoint inhibitor
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Roles of the SWI/SNF complexes in modulating the 
immune system 

The alteration of chromatin dynamics accounts for a 
potential mechanism that induces target gene expression 

in the case of immune cell activation

1. Hu B et al, Cell Prolif. 2020;53(4):e12791



15 | ©2020 FOUNDATION MEDICINE, INC. ALL RIGHTS RESERVED.

ARID1A(BAF250A) 

1. Okamura R et al, J Immunother Cancer 2020;8:e000438

2. Li L, et al. Cells. 2019;8(7):678

3. Shen J, et al. Nat Med, 556–562 (2018)

Pan-cancer analysis 
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APOBEC mutational signature associated with immunotherapy benefit

Mutational signatures 

1. Chen H et al, Cancer Sci. 2019;110(8):2348-2356

2. Hoeck AV et al, BMC Cancer 2019;19:457

APOBEC signature is associated with increased tumor 
mutation burden and neoantigen burden

NSCLC

ORR was 68.4% with the APOBEC signature vs 27.6% 
without
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Emerging biomarkers for 
immunotherapy resistance
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Genomic correlates of response to ICB

Antigen presentation 

1. Keenan TE et al, Nat Med. 2019;25(3):389-402

2. Montesion M et al, Cancer Discov. 2021;11:282-92

•HLA pathway alterations: B2M and HLA-I
genes has been demonstrated to influence ICB 
response.

•Interferon-γ pathway alterations

•JAK/STAT pathway alterations: IFN-γ-
mediated JAK/STAT signaling contributes to 
resistance to CTLA-4 blockade.

•TGF-β pathway: TGFβ promoted T cell 
exclusion and a “cold” TME phenotype



19 | ©2020 FOUNDATION MEDICINE, INC. ALL RIGHTS RESERVED.

STK11 (LKB1) mutated tumors tend to be TMB intermediate or high and PD-L1 negative

STK11 (LKB1) Mutations Associated with Poor Response to 
ICI in NSCLC

1. Skoulidis F, et al. Cancer Discov. 2018;8(7):822-835

Analysis of 1,208 patients across 4 cohorts:

– Foundation Medicine dataset (n=924)

– Stand Up To Cancer (SU2C, n=174)

– Checkmate-057 (n=44)

– MD Anderson Cancer Center (n=66) 

Patients with both KRAS and STK11 mutations 
were mostly resistant to ICIs in the SU2C 
cohort:

• KRAS/STK11 mutant ORR = 7%

• KRAS/P53 mutant ORR = 36%

• KRAS mutant only ORR = 29%

STK11 mutations were common in NSCLC 

• 16.7% in overall FMI cohort

• 25% in KRAS-mutated NSCLC from FMI and combined 
SU2C cohort

STK11 mutations were significantly enriched among 
tumors that were PD-L1 negative and TMB 
intermediate or high

1

2

3
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Role of PTEN in the regulation of TME

1. Peng et al, Cancer Discov. 2016;6(2):202-16
2. Barroso-Sousa R et al, Clin Cancer Res. 2020;26:2565-72

mTNBC

Melanoma
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Activating mutations in CTNNB1 (β-catenin) results in T-cell exclusion and resistance to ICIs

WNT/β-catenin pathway 

1. Spranger S et al, Nature. 2015;523 (7559):231-5
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MDM2 amplification has been identified in a wide variety of malignancies

MDM2 Amplification Associated with Hyperprogression

1. Kato S, et al. Clin Cancer Res. 2017;23(15):4242-4250. TTF = time to treatment failure

•Study identified 6 patients with MDM2
amplification and TTF <2 months after ICI 
treatment

•4 patients showed marked increases in 
existing tumor size

•MDM2 amplification independently 
correlated with TTF <2 months on 
multivariate analysis

Case 1: 73-year-old man with metastatic bladder 
cancer. After ICI therapy: 390% increase in tumor size 
from baseline, 7.2x increase in progression pace
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Conclusions

• Understanding genomic correlates of response and resistance to checkpoint blockade may enhance 
benefits for patients with cancer by elucidating biomarkers for patient stratification and resistance 
mechanisms for therapeutic targeting.

• The differential effects of cancer-related genes and pathways on the immune system can be 
leveraged for combination therapy with ICB.

• Much work remains to develop these correlates of checkpoint blockade response into reliable 
biomarkers that can guide treatment decisions and therapeutic development. 
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Bladder urothelial (transitional 
cell) carcinoma
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Case History - Urinary Bladder
• 65 y/o lady with prior history of hypertension presented with history of recurrent hematuria of 

over a period of 3 months to the local center 

• A CT scan done at the local center was consistent with a soft tissue mass in the posterior wall of 
the urinary bladder 4.1cm x 3.1cm in size leading to retrograde gross hydro-uretronephrosis

• A TURBT guided biopsy done two days later was positive for high grade invasive urothelial 
urothelial carcinoma with invasion into muscularis propria and areas of necrosis. No lympho-
vascular invasion seen.

• No neo adjuvant chemotherapy was given at the time 

• The patient was taken directly for Robot Assisted Anterior Exoneration with Extracorporeal 
Pitcher Pot Neobladder with bilateral tube uretero ileal anastomosis and bilateral pelvic lymph 
node dissection  with no residual tumor seen post operatively. 

• No adjuvant therapy was given at the time due to a negative PET scan and reluctance to 
chemotherapy

• Past medical history – Hypothyroidism 

• Family history – distant positive family history



Case History - Urinary Bladder 
• Around 5 months later the patient presented with chronic cough and a restaging PET scan 

showed a right lung mass and mediastinal lymphadenopathy which were new. A bronchoscopic 
biopsy was positive for metastatic urothelial carcinoma and patient was referred to local medical 
oncology division for chemotherapy



Somatic Oncomine focus
Germline Testing 
PD-L1 by Ventana SP263



• Received Gemcitabine and Cisplatin x 6 cycles

• Progressed on the regimen after initial 
response

Case History - Urinary Bladder



Case History - Urinary Bladder 



• Saw me in second opinion at this time

• Started on Nivolumab 

• Progressed on IO after 7 months

• Shifted to Carboplatin Nab Paclitaxel 

• Stopped due to toxicity

• Foundation one was sent

Case History - Urinary Bladder 





Poll questions

• What therapy should we consider next?

❖ IO+IO – Nivolumab + Ipilumumab

❖Enfortumab Vedotin

❖Targeted therapy

❖Single agent Paclitaxel

❖Clinical trials



@Sewanti Limaye
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Genomic findings  
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Poll question 2

Which of the below molecular factors are considered as emerging 

biomarkers of checkpoint blockade response?

a) Copy number alterations

b) Chromatin remodeling

c) T-cell functionality 

d) All the above 
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Relationship between FGF ligands and FGF receptors 

11q13 Amplicon 

1. Parish A et al, Cell Cycle. 2015;14(13):2121-2128

2. Dolegowska K et al, J Physiol Biochem. 2019;75(2): 229-240

3. Ornitz DM and Itoh N, WIREs Dev Biol. 2015;4:215-266
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11q13 Amplicon

1. DOI: 10.1200/JCO.2019.37.15_suppl.4036 Journal of Clinical Oncology 37, no. 15_suppl (May 20, 2019) 4036-4036

• Patients included in this analysis were part of multi-
center, phase Ib/II trial (NCT02915432) evaluating the 
safety and activity of toripalimab

• Copy number analysis identified 24 out of 50 (48%) 
patients with amplifications of chromosome 11q13 
region

• Patients without 11q13 amplification, had significantly 
better objective response rate (ORR 30.8% versus 
4.2%) and progression free survival (3.7 versus 2.0 
months)

Response to immunotherapy 
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Hyperprogressive disease 

1. Kato S, et al. Clin Cancer Res. 2017;23(15):4242-4250. TTF = time to treatment failure

2. DOI: 10.1200/JCO.2020.38.15_suppl.e15222 Journal of Clinical Oncology 38, no. 15_suppl (May 25, 2020) 

Predictors of HPD:
- MDM2/4 amplification
- EGFR alteration

Case 1: 73-year-old man with metastatic bladder 
cancer. After ICI therapy: 390% increase in tumor size 
from baseline, 7.2x increase in progression pace
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Head and neck adenoid cystic 
carcinoma 

M-TH-00001148
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Adenoid cystic carcinoma
Prof. Mutlu Demiray, M.D.

Medicana International Istanbul Hospital, Turkey
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Case history 
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Poll question 1
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Genomic findings  
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Poll question 2

Which of the below statement is incorrect?

a) The foundation of anti-tumor immunity rets on the generation or reactivation of 

cytotoxic T-cell responses

b) All neoantigens generate immunogenic peptides that can be recognized by T-cells 

c) Canonical cancer pathways implicated in response and resistance to ICB
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Notch alterations have been identified in a wide variety of malignancies

Notch signaling 

1. Katoh M and Katoh M, Int J Mol Med. 2020;45(2):279-297
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Response to immunotherapy

Effects of Notch signaling on the immune system

1. Colombo M et al, Front Immunol. 2018;9:1823



49 | ©2020 FOUNDATION MEDICINE, INC. ALL RIGHTS RESERVED.

Response to immunotherapy

Functional consequence matters 



50 | ©2020 FOUNDATION MEDICINE, INC. ALL RIGHTS RESERVED.

Frameshift indels generate highly immunogenic tumor 
neoantigens 

1. Shen L et al, Sci Rep. 2019;9(1):14184

2. Turajlic S et al, Lancet Oncol. 2017;18:1009-21

Frameshift indels could generate around three times more high-
affinity neoantigen binders than SNV

Frameshift indel mutations were significantly associated 
with anti-PD-1 response
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Patient’s outcome 
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Playback VDOs and presentation slides


