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I’m in trouble ……. 

Outline 

• Overview of lung squamous cell 

carcinoma (SqCC) 

• Predictive biomarkers and biomarker 

testing in SqCC 

• Lung-MAP protocol 

Overview of SqCC 

• The second most common histologic 

subtype of lung cancer accounting 85,000 

new cases in the US each year and over 

400,000 worldwide.  

• The majority of SqCC patients are current 

or former heavy smokers, in contrast with 

adenocarcinoma, where a growing 

proportion are never-smokers or former 

light smokers.  

Prevalence of somatic mutations across 

human cancer types 

 

LB Alexandrov et al. Nature 2013;500: 415-21 

KRAS

EGFR

EML4-ALK

BRAF

Her2

PIK3CA

PTEN

ROS1

RET

MET

Other

25% 

20% 

4-8% 

2-3% 1-2% 
1.5
% 1% 

Other 

Adenocarcinoma 

Afatinib 

Erlotinib 

Gefitinib 

Crizotinib 

Ceritinib 

Alectinib 

EGFR mutation+ 

ALK 

rearrangement+ 
ROS1 

rearrangement+ 

ROS1 

rearrangement+ 

 

 

? 

Squamous cell carcinoma  



2 

2015 PPS Biennial Meeting 

 

 

Predictive Biomarkers and 

Biomarker Testing in SqCC 

Commonly Identified Alterations in Genomic Studies 

of Lung SqCC 

Gandara et al. Clin Cancer Res 2015;21: 2236 

Kim HS et al. Lung Cancer 2013;80: 249-255 

Frequency of Potentially Actionable Drug Targets in SqCC 

2010 

2012 

MSKCC (n=52) TCGA (n=178) 

Prevalent Actionable Molecular Alterations 

and Biomarker Testing in SqCC 

• FGFR1 amplification – most extensively studied to date 

• PIK3CA mutation & PTEN mutation/deletion – some 

clinical trials specific for NSCLC are ongoing  

• EGFR amplification/protein overexpression - predictive 

role of EGFR expression levels for response to 

cetuximab seems to emerge from retrospective 

analyses, but the pharmaceutical company has decided 

to stop the cetuximab clinical development in NSCLC 

• PDGFRA amplification/mutation – not much information 

specific for PDGFRA alterations available 

• DDR2 mutation – a candidate for a predictive biomarker 

 

FGFR1 amplification  

FGF / FGFR Signaling  

• Receptors: 4 FGFRs (FGFR1-4) 

• Ligands: 18 FGFs  

• The receptor-ligand combinations 

regulate a broad spectrum of 

signaling during development and 

in adult tissue homeostasis 

• FGFR amplification or mutation 

in 26% of examined lung SqCCs 

(TCGA) 

• FGFR1 amplifications (majority) 

• FGFR2, FGFR3, FGFR4 mutations  

Migration 

Cytoskeletal 

oragnization 

Survival 

http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer 

Cancer Genome Atlas Research Network. Nature 2012;489(7417):519-25  

http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer
http://oncologypro.esmo.org/Meeting-Resources/ELCC-2012/Developments-in-targeted-therapy-FGFR1-inhibition-in-lung-cancer


3 

2015 PPS Biennial Meeting 

 

 
Science Translational Medicine 2010 

• 155 SqCC of the lung 

• 6.0 Affimetrix 6.0 SNP arrays 

• 15 of 155 (9.7%) with high-level 

amplification (4 or more copies) 

of FGFR1 

• In cell line and xenograft 

models, FGFR1 amplification was 

associated with tumor growth 

and survival that were inhibited 

by a FGFR inhibitor 

• FGFR inhibitors  may be a 

viable therapeutic option for 

patients w/ FGFR1 amplification 

 Weiss J et al. Sci Transl Med 2010;2(62):62ra93  

FGFR1 Biomarker Testing in 

SqCC - FISH analysis 

n Positive 

rate 

Criteria for positivity 

Weiss (2011) 153 22% 

(34/153) 

Average # of FGFR signals per 

tumor cell nucleus  > 9 

Schildhaus 

(2012) 

290 20% 

(58/290) 

• FGFR1/CEP8 > 2.0 

• Average # of FGFR signals per 

tumor cell nucleus  > 6 

• % of tumor cells containing > 

15 FGFR signals or large 

clusters > 10 

Heist (2012) 226 16% 

(37/226) 

FGFR1/CEP8 > 2.2 

Weiss J et al. Sci Transl Med 2010;2(62):62ra93 
Schildhaus H-U, et al. Modern Pathol 2012;25: 1473-80   
Heist SR, et al, J Thorac Oncol 2012;7: 1775-1780  

High- and low-level FGFR amplification types 

in SqCC 

• 420 lung cancers (307 SqCC, 100 Adeno CA, 13 others) 

• FGFR1 amplifications (that were often focal) found in 20% 

of SqCC, but not in Adeno CA using a dual color FISH  

• Heterogeneous and different patterns of gene copy number 

gain identified – stratified as high-level and low-level 

amplifications 

• High-level amplification found in 16% and low-level 

amplification in 4% 

• No difference in outcome of FGFR1 amplified and non-

amplified lung cancer patients  

Schildhaus H-U, et al. Modern Pathol 2012;25: 1473-80   

Non-amplified High-level cluster amplifications 

Homogeneous high-level amplifications Microclusters 
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Counting 3 hot spots (20 tumor cells each) or random 3 

spots if evenly distributed     

High- and low-level FGFR 

amplification types in SqCC 

High-level amplification: 

1. FGFR1/CEP8 ratio is > 2.0 

2. Average # of FGFR1 signals per 

tumor cell nucleus is > 6 

3. % of tumor cells containing > 15 

FGFR1 signals is > 10% 

Low-level amplification: 

1. % of tumor cells containing > 5 

FGFR1 signals is > 50% 

In the majority of cases with high-level 

amplifications, at least two criteria were 

fulfilled, and items 1 and 2 were most 

consistent criteria for FGFR1 amplification 
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FGFR FISH Scoring at MGH 

• Only score tumor cells with amplification 

• Score 50 cells but review few thousand (or 

as many as possible) tumor cells  

• Indicate focality in the report if # of 

amplified tumor cells is limited compared 

to # of the entire tumor cells 

• Positive for amplification: 
• High-level amplification: FGFR1/CEP8 > 5 

• Low-level amplification: FGFR1/CEP8 = 2 - < 5 

• Borderline for amplification: FGFR1/CEP = 1.8 - < 2  
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Phase II clinical trials of FGFR targeted 

therapies in lung SqCC 

Filipits M Curr Opin Oncol 2014;26:152-158  

MTD: Maximum tolerated dose, PFS: progression-free survival, ORR: objective response rate 

Selective pan-FGFR Inhibitors 

AZD4547 BGJ398 

Best Overall Response of FGFR1 – Amplified 

SqCC to BGJ398 (selective pan-FGFR inhibitor) 

100 mg 

(n=2) 

125 mg 

(n=21) 

150 mg 

(n=3) 

> 100 mg  

(n=26) 

Partial Response 1 (50.0) 3 (14.3) 0 4 (15.4) 

Stable Disease 1 (50.0) 6 (28.6) 2 (66.7) 9 (34.6) 

Progressive Disease 0 5 (23.8) 1 (33.3) 6 (23.1) 

Unknown 0 7 (33.3) 0 7 (26.9) 

Overall response of advanced ALK-rearranged NSCLC to crizotinib 
Complete + partial response: 57% (47/82)  

Stable disease: 33% (27/82) 
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Response to pan-FGFR inhibitors is not 

as good as we would hope 

• Concurrent alterations of other genes – 

growth and survival driven by the other 

genes 

• Focality of amplification 

• Lack of standardization of FGFR FISH 

scoring  

• Amplification may not lead to protein 

(over-)expression 

Response to FGFR TKI depends on the level of FGFR 

protein expression   
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FGFR1 mRNA and protein expression, not gene copy number, 

predict FGFR TKI sensitivity across all lung cancer histologies 

Cell line experiment: 

• Histologically diverse cell lines (n=58) 

• 14 exhibited ponatinib (non-selective FGFR inhibitor) sensitivity (IC50 

values < 50 nmol/L)  

•The sensitivity correlated with FGFR1 mRNA and protein expression, 

but not with FGFR1 gene copy number or histology 

Resection cohort: 

• 22% of adeno CAs and 26% of SqCCs expressed high FGFR mRNA 

• Only 46% of SqCCs with increased FGFR1 copy number expressed 

high mRNA 
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Positive = response 

to ponatinib  
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PI3K/Akt/mTOR signaling 

PI3K/Akt/mTOR signaling 

• Play a diverse role in normal 

physiologic and oncogenic 

processes 

• Upon activated via receptor 

tyrosine kinases, PI3K activates 

AKT and downstream signaling 

via phosphorylation of PIP2, 

generating PIP3 

• One of most frequently activated 

signaling pathways in cancer  

• PTEN is an important tumor 

suppressor that antagonizes 

PI3K function, and loss of PTEN 

results in unrestrained signaling 

by the PI3K pathway 

 

Proliferation Survival Differentiation 

Beck JT, et al. Cancer Treat Rev 2014;40:980-89 

Alterations in PI3K/Akt/mTOR signaling are prevalent, but 

may be inclusive with other pathway alterations in SqCC 

The Cancer Genome Atlas Research Network Nature 2012;489:519-25 

 

Agents targeting the PI3K/AKT/mTOR pathway in 

phase II studies for NSCLC 

Beck JT, et al. Cancer Treat Rev 2014;40:980-89 

Best overall response as per local review in patients treated with 

BYL719 (patients with metastatic breast cancer) 

 
Baseline Cycle 2 

Progression-free survival in MBC patient 

treated with ≥270 mg/day BYL719.  

 
Baseline Cycle 2 

Phase I study of BYL719, an alpha-specific PI3K inhibitor,  

in patients with PIK3CA mutant advanced solid tumors 

Courtesy Dr. Dejan Juric 

PTEN and sensitivity to BYL 719 

B
 • BYL719 sensitivity was associated: 

• Positively with  

• PIK3CA mutation 

• ERBB2 amplification 

• PIK3CA amplification / copy number gain 

• Negatively with 

• PTEN mutation 

• BRAF mutation 

• Clinical resistance to BYL719 was associated w/: 
• Acquired loss of PTEN expression in 2/7 

• Acquired loss of PIK3CA mutation in 2/7 
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PTEN IHC  

 

Preserved Equivocal Loss 

PTEN expression 

Study Antibody* Scoring 

method 

Results** 

Spoerke 

2012 

CST  

clone 138G6 

H scoring H score 0: SqCC 21% 

(9/43), ADC 4% (2/56) 

Scrima  

2012 

CST  

clone 138G6 

3-tierd: 

50%, 25-50%, 

0-25% 

0-25%: SqCC 55% 

(22/40), ADC 27% (14/51) 

Trigka  

2013 

n/a H scoring SqCC (n=48) median 

10(10-175), ADC (n=39) 

median 22.5 (0-180) 

Camberbatch 

2013 

CST  

clone 138G6 

4-tiered: 0-31) Score 0: SqCC 34.7% 

(140/404), ADC 9.9% 

(65/656) 

* CST: Cell Signaling Technology, ** SqCC: squamous cell carcinoma, ADC: 

adenocarcinoma, 1) scoring based on intensity and extent 

PTEN Immunohistochemistry 

Spoerke JM, et al. ClinCancer Res 2012;8:6771-83, ScrimaM,etal. PLosOne2012;7:e30427 

 Trigka EA, et al. Oncology Reports 2013;30:623-636, Camberbatch et al. Clin Cancer Res 2013;20:595-603 

DDR2 mutation 

DDR2 (Discoidin Domain Receptor 2) 

• Interaction with its ligand collagen 

results in:  

• Recruitment of downstream adaptor 

proteins, kinases ad phosphatases 

including SHC, NCK1, SRC and 

SHP-2 

• Subsequent activation of 

downstream signaling pathways 

including MAPK and PI3K pathways 

• DDR2 mutations have been 

reported in 3-4% of lung SqCC 

Payne LS, et al. J Thorac Oncol 2014;9: 900-4 

DDR2 Mutation 
• Sanger sequencing of multiple tyrosine kinases identified DDR2 

mutations in 11 (3.8%) of 290 SqCC samples (including 13 cell lines) 

• SqCC cell lines harboring DDR2 mutations were selectively killed by 

knockdown of DDR2 by RNA interference or by treatment w/ dasatinib* 

• Tumors established from a DDR2 mutant cell line were sensitive to 

dasatinib* in xenograft models  

• Expression of mutant DDR2 led to cellular transformation that was 

blocked by dasatinib* 

DDR2 mutant DDR2 mutant KRAS mutant 

* Dasatinib: multitargeted TKI approved by FDA for treatment of hematopoietic malignancies and GIST  

Hammerman PS, et al. Cancer Discovery 2011;1:78-89 

DDR2 Mutation 
• Sanger sequencing of multiple tyrosine kinases identified DDR2 

mutations in 11 (3.8%) of 290 SqCC samples (including 13 cell lines) 

• SqCC cell lines harboring DDR2 mutations were selectively killed by 

knockdown of DDR2 by RNA interference or by treatment w/ dasatinib* 

• Tumors established from a DDR2 mutant cell line were sensitive to 

dasatinib* in xenograft models  

• Expression of mutant DDR2 led to cellular transformation that was 

blocked by dasatinib* 

DDR2 mutant DDR2 mutant KRAS mutant 

* Dasatinib: multitargeted TKI approved by FDA for treatment of hematopoietic malignancies and GIST  

Hammerman PS, et al. Cancer Discovery 2011;1:78-89 

DDR2 mutation is likely a driver event in lung SqCC that can be 

targeted by dasatinib  
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Clinical Sensitivity of DDR2 – mutated 

Lung SqCC to Dasatinib 

• Treatment with a combination of 

erlotinib and dasatinib lead to 

partial response in a patient with 

DDR2-mutated, EGFR wild type 

lung SqCC that had progressed 

despite carboplatin and paclitaxal 

chemotherapy 

• Treatment with dasatinib resolved 

both CML and DDR2-mutated 

lung SqCC that had developed in 

one patient    

Pre dasatinib Tx. 

2 m.o. after intiation of dasatinib Tx. 

Hammerman PS, et al. Cancer Discovery 2011;1:78-89 

Pitini V, et al. Lung Cancer 2013;82: 171-2 

ORR: objective response rate, PFS: progression-free survival  

Phase II clinical trials of DDR2 targeted 

therapies in lung SqCC 

Filipits M Curr Opin Oncol 2014;26:152-158  

• NCT01491633 was halted due to excess toxicities of dasatinib 

administered at 140 mg/day in the first 5 lung SqCC patients 

enrolled, and none of them showed DDR2 mutations in the study 

biomarker analysis 

• The excess toxicities are likely due to additional targets of 

dasatinib, thus more selectivs DDR2 inhibitors may overcome the 

issue 

• It is important to identify appropriate patients for enrolment by 

predictive biomarker testing 

Lung Master Protocol (Lung-MAP):  

A Biomarker Driven Protocol for 

Accelerating Development of 

Therapies for SqCC  

Herbst RS, et al. Clin Cancer Res 2015;21:1514-24  

Lung-MAP 

• No approved targeted therapies specific to advanced 

lung SqCC currently available despite a significant 

number of somatic mutations/amplifications detected by 

TCGA project and similar studies  

• Identifying and accruing biomarker-selected patients to 

clinical trials is challenging due to: 

• Rarity of any putative oncogenic drivers in SqCC 

• Substantial time and tissue required for screening patients for 

solitary biomarker-drive studies with a low chance of enrollment 

• Impracticality of serial screening for individual biomarkers to 

determine eligibility for other trials in SqCC patients who have 

already progressed on standard therapy  

 

Herbst RS, et al. Clin Cancer Res 2015;21:1514-24  

Lung-MAP 

• New strategies are essential for matching patients 

to therapies from which they are most likely to benefit 

• The process requires efficient clinical trial designs 

for evaluating these therapies with rapid 

multibiomarker testing and accelerated drug 

development timelines   

Lung MAP 

copy number 
indels 

SNVs 

rearrangements 

Comprehensive NSG (+ IHC) 

Herbst RS, et al. Clin Cancer Res 2015;21:1514-24  

Biomarker-driven phase II/III multisubstudy “Master Protocol” 
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Lung-MAP 

Schema for substudies 

CT: chemotherapy (docetaxel or gemcitabine) 

E: erlotinib, TT: target therapy  
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Initial substudies 

Initial Substudies in Lung-MAP 
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Pembrolizumab MPDL3280A Nivolumab MEDI4736 

Antibody             22C3 (Dako)      SP142 (Ventana)                       18-8 (Dako)          SP263 (Ventana)  

Scoring               Tumor Cells             Immune Cells                         Tumor Cells                    Tumor Cells 

Garon EB, et al. N Engl J Med. 2015 [Epub ahead of print]; Herbst RS, et al. Nature. 2014;575(7528):563-7; Gettinger SN, et 

al. J Clin Oncol. 2015 Apr 20. pii: JCO.2014.58.3708; Brahmer JR, et al. J Clin Oncol. 32:5s, 2014 (suppl; abstr 8021)  

PS = proportion score; 

IC = immune cells 

PD-L1 Expression and Response to PD-1/PD-L1 

Inhibitors in NSCLC 
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PD-L1 expression in SqCC resection cohort 

n=22 (13.6%) n=21 (13.0%) n=119 (73.4%) 

< 5% 5 – 50 % > 50 % 

Huynh T, Chi T, Morales-Oyarvide V, Mark E, & Mino-Kenudson M 

• n = 162 (Stage I - 96, Stage II - 41, Stage III - 22 and Stage IV - 3) 

• PD-L1 (E1L3N, 1:200, Cell Signaling Technology) 

• Membranous stain of any intensity w/ or w/o cytoplasmic stain 
 

Summary 
• Although no established targeted therapy is currently 

available for patients with lung SqCC, potentially targetable 

molecular alterations have been identified by several studies 

• Those molecular alteartions, including FGFR1 amplification, 

PI3K signaling pathway alterations, and DDR2 mutation, are 

under investigation in clinical trials 

• Unfortunately, the clinical trials suffer from low response 

rates, likely due to significant overlap between multiple 

alterations and the lack of standardized biomarker testing 

• Lung-MAP, a biomarker-driven multisubstudy protocol, may 

advance the efficient development of targeted therapies 

combined with predictive biomarker testing for lung SqCC  

Go Warriors! 
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Go Pats! 

 


