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Matching patients to therapy on the basis of genetic features: 
erlotinib in EGFR mutant & crizotinib in ALK translocated NSCLC

Rizvi N et al. CCR 2011
Camidge R et al. Lancet Oncol 2012



BRAF inhibitor therapy markedly more effective for 
V600EBRAF melanoma compared to colon cancer

Kopetz, ASCO 2010

melanoma colorectal

Sosman J et al. NEJM 2012





Fibroblasts conferred resistance to BRAF 
inhibition in melanoma via HGF/c-met576 cytokines

Straussman et al. Nature 2012



Upregulation of oxidative 
phosphorylation: 

sometimes, but not always 

Haq R et al. Cancer Cell 2013



Epigenetic state & therapeutic resistance

Konieczkowski et al. Cancer Discov 2014
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Heterogeneity in MITF expression within & 
across melanomas

Tirosh et al. Science 2016



Immunologic consequences of BRAF inhibition

Frederick et al. Clin Cancer Res 2012
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NCI-MATCH Objective

• To determine whether matching 
certain drugs or drug combinations 
in adults whose tumors have specific 
gene abnormalities will effectively 
treat their cancer, regardless of the 
cancer type

• This is a signal-finding trial; 
treatments that show promise can 
advance to larger, more definitive 
trials



Mining for the actionable in metastatic cancer patients

Zehir et al. Nat Med 2017
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NCI-MATCH Central Screening Summary (cont’d)

• 35% of patients have  
“actionable alterations”

• Treatment assignment rate: 18% 
− Patients with a tumor gene 

abnormality that matched to 
one of the 30 treatment arms 
(992/5560 with testing 
completed) 

• Enrollment rate: 69% 
− Patients with a treatment 

assignment who enrolled



Real-world genomic landscape

Zehir et al. Nat Med 2017

p53, KRAS & APC 
mutations commonly 
co-occur with 
actionable alterations



Scarlett et al. Cancer Discovery 2017
“Our analysis shows that the volume of clinical trials testing multiple 

investigational pipeline agents (“novel–novel” combinations) is dismally 
low, as out of approximately 1,500 phase I to III investigational 

combination trials initiated in 2014–2015, only 80 were for novel–novel 
combinations, and only 9 of those involved more than one company.”

LoRusso et al. Clin Cancer Res 2012



LoRusso et al. Clin Cancer Res 2012



Therapeutic modality & progress with precision medicine
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Somatic mutation burden & PD-1/PD-L1 approvals

Adapted from Alexandrov et al. Nature 2013
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Clonal
Subclonal

Clonal neoantigens and response to PD-1 or CTLA-4 antibodies in 
melanoma & NSCLC



Inflamed versus uninflamed tumors

Ziello et al. AACR 2018



“Inflamed” tumors are more likely to respond to PD-1 antibody therapy

Tumeh P et al. 
Nature 2014



Predictive value

Two CD8+ T cell states associate with CPB response

Sade-Feldman et al. 
In press, Cell



Tumor gene expression, but not immune checkpoints sorts 
response/non-response

Hugo et al. Cell 2016



Conclusions

• Single-agent vulnerabilities have been pursued in largely tumor-type 
specific clinical development

• Broader investigation across cancer types with common molecular 
features to determine rules of homogeneity/heterogeneity of response

• Lineage-dependent factors appear capable of mediating therapeutic 
resistance: to both targeted and immunotherapy

• Precision-medicine principles are coming to immunotherapy, but who 
will develop markers to limit approved indications?

• Combination regimen investigation are falling further & further behind
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