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Histology 

Adenocarcinoma: Mixed subtype, acinar, papillary, solid, micropapillary, lepidic 

(nonmucinous), lepidic (mucinous)  54% 

Squamous cell carcinoma  30% 

Small cell carcinoma  10% 

Large-cell carcinoma – large cell with neuroendocrine morphology and + NE 

markers; large cell with NE morphology but - NE markers.  4% 

Adenosquamous carcinoma  1% 

Sarcomatoid carcinoma  1% 

 

 

 

 

 

 

 

Travis et al., J Clin Oncology 2013 



Recent studies from the NCI The Cancer Genome Atlas (TCGA) project 
illustrate how different adenocarcinoma of the lung is from squamous 
cell carcinoma in terms of genetic findings 

Campbell et al., Nature Genetics 2016 



Anatomic Stage and Prognostic Groups for non-small cell lung 

cancer 

Stage IA – T1 N0 M0 

Stage IB – T2a N0 M0 

Stage IIA – T2b N0 M0 

       T1 N1 M0 

       T2a N1 M0 

Stage IIB – T2b N1 M0 

       T3 N0 M0 

Stage IIIA – T1-T2 N2 M0 

        T3 N1 or N2 M0 

        T4 N0 or N1 M0 

Stage IIIB – any T N3 M0 

        T4 N2 M0 

Stage IV – any T any N M1a 

      any T any N M1b 

 

 

Early stage disease  

Locally advanced  

Metastatic disease 



Targeted or personalized therapy for lung adenocarcinoma 

 

Genotype-directed therapies are well-established standard of care for 
several types of driver mutations.   

For other mutations, therapies are investigational. 

Based on 

molecular 

testing of 933 

patients with 

non-

squamous 

lung cancer 

analyzed at 

BWH/DFCI 

8/13 – 5/15 

 

 

 

Awad et al., J 

Clin Oncology 

2015 



KRAS 24% 

sEGFR 15% 

ALKr 4% 
BRAF V600E 3% 

RETr 3% 
ERBB2 3% 

oEGFR 3% 

METamp 3% ROS1r 2% 

NRAS 1% 

oBRAF 0.5% 

doubletons 3% 

 none identified 
37% 

Lung Cancer 

Mutation 

Consortium 

LCMCII 

Targeted or personalized therapy for lung adenocarcinoma 

 

Genotype-directed therapies are well-established standard of care for 
several types of driver mutations.   

For other mutations, therapies are investigational. 





EGFR mutant lung cancer 

 

Known since 2005 

Two mutations account for 90% of EGFR mutations – L858R and exon 19 
in-frame deletions of various sizes; both activate the kinase 

More common in never-smokers where incidence is about 50%. 

Also more common in women and those of Asian origin  

First line therapy is erlotinib (gefitinib, afatinib are alternatives) – which 
is superior to chemotherapy wrt quality of life 

Response rate 70-80%; median duration of response 1 year 

Progression often develops slowly, leading to continued treatment if 
asymptomatic. ‘Treatment beyond progression’ 

Multiple options are appropriate for consideration at time of 
progression: 

Local therapy to sites of disease progression (surgery, radiation) 

Repeat biopsy to ascertain cause of resistance, and guide therapy 

Switch to osimertinib 

Switch to chemotherapy 



EGFR mutant lung cancer – multiple mechanisms of resistance – 

There is value to repeat biopsy at time of progression 

 

 

Sequist et al., Sci Transl Med 

2011;3:75ra26 

N = 37 



EGFR mutant lung cancer and resistance to erlotinib 

  Acquired T790M is the most common resistance mechanism 

  It blocks the activity of erlotinib by restricting access of erlotinib to the 
ATP binding cassette region of EGFR 

  Osimertinib (and other drugs) have been developed to specifically 
target mutant EGFR through covalent binding to Cys797 of EGFR 

  Recently techniques have been developed that enable detection of 
EGFR T790M in cell-free DNA collected in a blood sample. This method 
enables identification of the mechanism of resistance without need for 
a biopsy.   However, it is not always successful, and when the test is 
negative, a biopsy should be done. 

  Unfortunately lung cancers can develop resistance to osimertinib as 
well.  Mutation of Cys797 to Ser is one known mechanism, but further 
study is underway. 

  Several ongoing trials at DFCI/BWH 
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Other genetic mutations in lung cancer that are targetable: 

 

Gene  Mutation Therapy 

KRAS  codons 12,13 investigational 

ALK  rearrangement crizotinib, ceritinib, alectinib 

BRAF  V600E  vemurafenib, dabrafenib, + trametinib 

MET  amplification or exon 14 splice crizotinib, investigational 

PIK3CA  E542Z, E545Z, H1047Z investigational 

ERBB2(HER2) multiple  trastuzumab, afatinib   

NRAS  codons 12,13 investigational 

RET  rearrangement cabozantinib, vandetanib 

ROS1  rearrangement crizotinib 

 

To achieve full molecular testing for all of these requires substantial tissue – 
take more whenever possible when performing a biopsy to enable 
comprehensive testing.  Large gene panel (~400 genes) testing by next 
generation sequencing is now routine at many large academic centers.  
Foundation Medicine also performs such an assay. 



ALK 

• About 4% of lung adenocarcinoma 

• Activated by chromosomal rearrangement, most commonly with 

EML4 

• Typical patient – never smoker, younger 

• Detected by either FISH or staining for expression of ALK and 

then FISH 

• Crizotinib, ceritinib, alectinib all FDA-approved therapies 

• 1st line therapy: crizotinib or ceritinib 

• If discovered while on chemo, may interrupt or continue 

• Crizotinib and ceritinib shown to be better than chemo for 1st line 

therapy 

• Alectinib particularly good for brain metastases 

• 3 ongoing trials at DFCI/BWH – combinations, lorlatinib, X-396 

 

 



KRAS 

• Most common driver mutation known in lung cancer, 25% 

• No targeted therapy currently available, or FDA-approved 

• Several ongoing clinical trials at DFCI/BWH – selumetinib, 

abemaciclib 

 



BRAF 

• BRAF V600E is the most common activating BRAF mutation 

• Seen in 3-4% of lung adenocarcinoma 

• Dabrafenib + trametinib is a soon to be FDA-approved therapy 

which is effective for this molecular subset. 

• Response rate was 63% with acceptable toxicities. 

• Response of other BRAF mutations is less certain. 

• Additional trials at DFCI/BWH pending 

 

 



MET 

• Exon 14 MET mutations occur in about 3% of lung 

adenocarcinoma patients. 

• MET amplification also seen in about 3% 

• Loss of exon 14 leads to constitutive activation of MET. 

• Therapies are not FDA-approved but include crizotinib and 

cabozantinib. 

• Relatively little clinical experience to date, so response rate not 

clear. 

• Two ongoing trials at DFCI/BWH - MGCD265, merestinib 



ERBB2 

• Mutations seen in about 3% of lung adenocarcinoma 

• Mutations are in-frame insertions in exon 20 

• Both trastuzumab (used for breast cancer), and afatinib have 

been useful treatments in these patients, with greater 

experience with trastuzumab 

• However, response rate is not as good as with other targetable 

mutations, though experience is limited. 

• One trial is open at DFCI/BWH - AP32788, DS-8201A 

 

 

 



RET 

• RET is activated by chromosomal rearrangements. 

• Seen in about 3% of lung adenocarcinoma 

• Vandetinib, cabozantinib now recommended for RET 

rearrangements. 

• Cabozantinib had a 33% response rate in one small trial 

(MSKCC) 

• Vandetinib had a 16% response rate in another small trial 

(Korea) 

• Trials about to open at DFCI/BWH – LOXO-292, Alectinib 

 

 



ROS1 

• ROS1 gene is activated by chromosomal rearrangements 

• Seen in 1-2% of lung adenocarcinoma 

• More common in never smokers 

• Crizotinib is a recommended therapy; most patients respond 

• Other TKIs, e.g. alectinib, are not effective. 

• DFCI/BWH trials: lorlatinib, DS-6051B 

 

 


