
2015 PPS Biennial Meeting 

1 

UPDATE ON ADENOCARCINOMA 

PREDICTIVE BIOMARKER 

TESTING  
Pulmonary Pathology Society 2015 

Lynette Sholl, M.D. 
Brigham and Women’s Hospital 

Department of Pathology 
June 4, 2015 

Disclosures 

• Genentech- Scientific Advisory Board 

New Lung Cancer Cases and Deaths 
1975-2012 
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Based on 2010-2012 
data, 6.6% of 
Americans will be 
diagnosed with lung 
cancer in their 
lifetime. 

http://seer.cancer.gov/statfacts/html/lungb.html 

• Significant downward 
trends in death rates 
among both men and 
women diagnosed with 
lung cancer between 
2000-2010 

Edwards et al.  Cancer 2014. 

Lung cancer histology- trends 

Histologic Diagnoses,  
SEER data 2008-2012 

Meza et al. PLOSOne 2015. 
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How to explain changing trends in lung 
cancer? 

Increased fraction of 
adenocarcinoma? 

• Change in smoking habits 
– Decline in tobacco use since 

the 1960s 

– Increased use of filters 
requiring more vigorous 
inhalation 

Decreasing mortality rates? 

• Improved detection? 
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How to explain changing trends in lung 
cancer? 

Decreasing mortality rates? 

• Improved detection? 

• Improved therapy? 

Targeted therapy improves 
outcomes. 

Kris et al.  JAMA 2014. Lopez-Chavez et al.  JCO 2015. 

EGFR mutation is key biomarker 

ALK translocations in NSCLC: 
3 years (!) from bench to bedside 

TARGETED THERAPIES 
Lung adenocarcinoma 
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Early 2000’s 2014 
KRAS mutant adenocarcinoma  

 Most prevalent oncogenic driver in lung adenocarcinoma  

• Occurs in 25% cases 

• Mostly smokers, older patients 

 Selumetinib plus docetaxel is the first clinically validated 

strategy for KRAS mutant NSCLC 

 Co-existing tumor suppressor mutations may matter:  p53 vs. 

LKB1 

 Prognostic significance?  

Jänne et al. Lancet Oncol. 2013. 
Slide modified from S. Dacic 
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KRAS codon 13 mutations: worse outcome with adjuvant 

chemotherapy? 

Shepherd F, et al. J Clin Oncol 2013 Jun 10;31(17):2173-81 

Slide modified from S. Dacic 

Impact of co-existing genomic 
alterations? 

LKB1 IHC 

Calles et al. CCR. 2015. 

ROS1 rearrangements  

JCO 2012 Mar 10;30(8):863-70 

ROS1 positive  

UPMC 

ROS1 negative  

UPMC 

2% lung ADC 
High homology between the kinase 
domains of ROS1 and ALK  
Young, never smokers 
Respond to crizotinib 

 

Slide modified from S. Dacic 

ROS1 translocation 
detection 

•No established companion 
diagnostic 

•FISH is relatively 
straightforward (easier to 
interpret than ALK, in general) 

•Cost 

•Failure rate 

•Candidate identification for 
largest Phase I clinical trial of 
crizotinib in ROS1 rearranged 
tumors used: 

• anchored multiplex PCR 
with next gen sequencing  

•RT-PCR 

Shaw AT et al. N Engl J Med 2014;371:1963-1971. 

RET1 rearrangements in lung 

adenocarcinoma   

Dacic S. et al. J Thoracic Oncol 2014 Jan;9(1):118-20 

RET1 positive  

UPMC 

ROS1 negative  
Results from small intrachromosomal rearrangement (inv (10)(p11.22q11.2) 

RET  rearrangement is a hallmark of radiation induced thyroid cancer  

1% lung ADC; usually  in never smokers and  patients with history of radiation for 

breast carcinoma or mediastinal lymphoma 

Takeuchi et al Nat Med 2012 

Slide modified from S. Dacic 

RET rearrangements in lung cancer 

• Reported responses to: 

– cabozantinib  
• (c-Met, VEGFR2 inhibitor) 

– Vandetanib  
• (VEGFR, EGFR, RET 

inhibitor) 

 

Cancer Discovery 2013  

Emerging Targets in Lung Adenocarcinoma 

BRAF:  
 ~5% of LADC 
 50% are V600E  

 Women and never smokers   
 Non-V600E BRAF 

 Smokers 

PI3K 
 ~10% of LADC (vs ~50% of LSCC) 
 acquired resistance to EGFR/HER2 TKI therapy 
 PIK3CA mutations co-exist with EGFR/KRAS mutations 

ERBB3 (HER3) 
 ERBB3 dimerization  

associated with acquired  
EGFR resistance  

MEK1 (MAP2K1) 
 <1% of LADC 
 Smokers 
 Potential target of MEK inhibitors 

MET 
• Splice/amplification in ~3% of LADC 
• Acquired resistance to EGFR TKI (~5%) 
• Response to crizotinib 

ERBB2 (HER2) 
• 2% of LADC (ex20 mutations) 
• Combined Her2/Pi3K pathway inhibitors 
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EVOLVING TARGETS  

Cancer Discovery 2014; 4(4):415-22 

Slide courtesy of S. Dacic 

Acquired EGFR resistance 

• Resistance develops after a median of 

9-14 months on TKI: 
Baseline 3m 14m 

30m 18m 24m 

Slide courtesy of Geoff Oxnard. 

Mechanisms of EGFR TKI resistance 

Sequist et al.  Sci Trans Med 2011 Yu et al, CCR, 2013 

Best Percentage Change in Target-Lesion Size. 

Jänne PA et al. N Engl J Med 2015;372:1689-1699. 

EGFR relapse biopsies 

• Clear benefit of EGFR 
third generation 
inhibitors in patients 
with T790M-mutated 
tumors 

• Role for other inhibitors 
in patients with other 
resistance mechanisms? 

• Expect relapse biopsies! 

 Zakowski et al, NEJM, 2006 

APPLICATION OF PREDICTIVE IHC IN 
LUNG CANCER 

KRAS 
31% 

EGFR 

15% 

BRAF 
6% 

PIK3CA 
3% 

ALK 

3% 

MET 
3% ERBB2 

2% 

NRAS 

1% 
RET 
1% 

ROS1 
1% 

AKT1 
0% 

HRAS 

0% 

MAP2K1 
0% 

no driver 

34% 



2015 PPS Biennial Meeting 

5 

EGFR IHC 

• EGFR gene amplification 
correlates with the 
presence of an 
activating mutation and 
protein overexpression 

• (however the inverse is 
not the case) 

Mutation specific IHC:  
EGFR L858R 

Performance of EGFR mutation specific antibodies (clones 43B2 
and 6B6) vs. molecular analysis  

Study L858R 
Ex19del 

  

  Sensitivity Specificity Sensitivity Specificity 

Yu et al. 
92% 

(24 of 26) 
99% 

(193 of 195) 
86% 

(23 of 26) 
100% 

(196 of 196) 
Kawahara et 

al. 
83% 

(19 of 23) 
100% 

(16 of 16) 
62% 

(13 of 21) 
100% 

(16 of 16) 

Kato et al.  
75% 

(9 of 12) 
97% 

(56 of 58) 
50% 

(9 of 18) 
100% 

(52 of 52) 

Brevet et al. 
95% 

(20 of 21) 
99% 

(171 of 173) 
74% 

(23 of 31) 
99% 

(161 of 163) 

Fan et al. 
93% 

(40 of 43) 
100% 

(126 of 126) 
74% 

(17 of 23) 
99% 

(145 of 146) 
Bondgaard et 

al. 
80% 

(8 of 10) 
98% 

(152 of 155) 
63% 

(12 of 19) 
99% 

(153 of 155) 

ALK IHC 

• Circa 2007, existing IHC 
antibodies were 
insufficiently sensitive 
to detect ALK protein 
expression in most 
rearranged tumors 

• D5F3 and 5A4 
antibodies developed 

– Improved sensitivity, 
excellent specificity  

In most studies, ALK IHC is 93-100% sensitive 
and specific as compared to FISH  

Cutz et al.  JTO 2014 

NGS vs. IHC vs. FISH for translocation 
detection 

ALK translocations in Lung Adenocarcinoma 

  Clinical FISH and/or IHC  

  ALK + ALK -  

Oncopanel 

ALK  
Fusion + 

25* 0 Sensitivity 
96% 

Specificity 
100% 

ALK  
Fusion - 

1 190 

 Total 26 190  
 

* 20% tumor in this specimen 

NGS and IHC informative in cases 
that fail FISH testing. 
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ROS1 IHC   
(D4D6 antibody) 

Reference N Sensitivity Specificity Notes 

Sholl et al. 2013 210 100 92 Focal expression in a KRAS-
mutated tumor  
Strong expression in a FISH 
negative tumor 

Mescam-Mancini 
et al. 2014 

221 100 96.9 Expressed in two HER2-
mutated tumors 

Cha et al. 2014 330 100 72.6-93.4* ROS1 expression seen in ROS1 
WT tumors from ever-smokers 

Boyle et al. 2014 33 100 100 As compared to FISH or RT-PCR 

Sholl et al.  AJSP 2013. 

Reference Clone IHC pattern vs. 
RET 
N 

WT  
N 

Sensitivity Specificity 

Tsuta et al. 
2014 

EPR2871 Any 
FISH or 
RTPCR 

21 1774 66.7 86.1 

Lee et al. 2014 ab134100 Any 
Transcript 

profiling or 
FISH 

15 79 100 87.3 

Sasaki et al. 
2014 

3F8 Any RTPCR 3 154* 100 70.3 

EPR2871 Any RTPCR 3 75 100 33.3 

EPR2871 
Mod to 

strong only 
RTPCR 3 75 66.7 77.3 

RET IHC 
• Clinical performance of 

available antibodies is 
variable 

Tsuta et al. Br. J. Cancer 2014 

MET inhibitors 

Negative  Weak  Moderate  Strong  

Small molecule TKI 
Crizotinib, tivatinib, cabozatinib, foretinib 

 

Monoclonal antibodies  
c-MET onartuzumab 

 

HGF ligand  
ficlatuzumab, rilotumumab  

Slide modified from S. Dacic 

Phase II Onartuzumab (MetMab) + Erlotinib: efficacy in 

Met+ tumors 
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Spigel DR. et al. JCO 2013; 31(32):4105 

Roche racks up another PhIII setback as 
MetMab flops against lung cancer 
 
March 3, 2014 | By John Carroll 
More than two years ago Roche ($RHHBY) CEO 
Severin Schwan picked the cancer drug 
MetMab out of the pipeline as one of the 
company's top blockbuster prospects. But on 
Monday its oncology R&D arm at Genentech 
was forced to halt a Phase III combo study 
matching MetMab with Tarceva in a failed 
effort to block metastasis in non-small cell lung 
cancer after an independent monitoring group 
flagged the attempt for futility. 

Slide modified from S. Dacic 

Wait, there’s more… 

• Other mutation-specific antibodies 
– BRAF VE1 

• Tumor suppressor genes- “predictive” IHC 
– PTEN 
– LKB1 

• Resistance mechanisms- ALK and ROS1 targeted 
therapies 
– Role for re-biopsy? 

• Immunotherapy 
– PDL1 IHC 
– Neoantigen burden 

Thank you! 


