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US Lung Cancer Statistics 

 



Tobacco use and lung cancer 



Risk Factors 

• Tobacco, tobacco, tobacco (85% lung ca.)  
– Including passive smoking 
– Prior aerodigestive malignancy 
– COPD 

• Other exposures 
– Asbestos, radon, polycyclic aromatic hydrocarbons, chromium, nickel, 

inorganic arsenic – mining, ship building, oil refining 

• Genetic predisposition 
– Familial lung cancer – 6q23-25 (Am J Hum Gen, 9/04)  
– 15q24-25.1 – nicotinic acetylcholine receptor subunits CHRNA3 and 

CHRNA5, OR=1.3, attributable risk ~14%  
• Amos et al., Nat Gen 2008;40:616, Hung et al. Nature 2008;452;633, Thorgeirsson et 

al. Nature 2008;452:638 

– CH3NA3/5 is also susceptibility locus for COPD  
• Pillai et al. PLoS Genet 2009;5:1 

 
 

  



Pathology: NSCLC 

 



Pathology: Small Cell Lung Cancer 



Treatment Strategies for Lung Cancer 

• Treatment based on stage: 

– Early stage (Stage I) – surgery  

– Early stage (Stage II, IIIA resected)-surgery + adjuvant 
chemo 

– Regional spread (IIIA/IIIB) – combined modality 
(chemoradiation; +/- surgery for IIIA) 

– Metastatic (IIIB “wet”/IV)– chemotherapy, radiation as 
needed for local control, occasional resection of isolated 
metastases 

• Small cell lung cancer:  chemotherapy (+thoracic 
radiation for limited stage; prophylactic cranial 
radiation to prevent brain mets) 



Personalizing Therapy for NSCLC 

 



EGFR as a Target for NSCLC 
Standard of Care in 2015 

• Epidermal growth factor receptor (EGFR) inhibition in advanced 
NSCLC 
– 10% response rate in advanced disease, 30% prolonged stabilization 

– Survival advantage (erlotinib)  
• Shepherd, F. A. et al. N Engl J Med 2005;353:123-132 

– Mutually exclusive with K-ras 

– Most benefit for non-smoking related NSCLC, with EGFR mutations (females, 
adenocarcinomas, Asian)  
• Lynch et al., NEJM 350:2129, 2004;  Paez et al., Science 304:1497, 2004;  Pao et 

al., PNAS 101:13306, 2004 

– Mechanisms of secondary resistance to EGFR inhibitors being identified 
(T790M mutation-50%, Met amplification-10-20%, others), new drugs 
• Pao et al., PLoS Med 2:e17, 2005; Engelman et al., Science 316:1039, 2007 

• Erlotinib approved as single agent for 1st, 2nd and 3rd line treatment 
of NSCLC 
– Also for maintenance after 1st line non-progression after chemo 

– Afatinib, gefitinib also approved  

 



EML4-ALK 



ROS1 Rearrangements 

 



Other Targetable Mutations in Adenocarcinoma 
 

• HER2/neu 
– Mutations in kinase domain in 4%, amplification (FISH) in 2-5% NSCLC 

(Hunter et al., Nature 2004;30:431; Heinmoller P et al. Clin Cancer Res 

2003;9:5283) 

– Clinical trials for HER2 overexpression (IHC) negative, but 16 pts. with exon 

20 mutation treated with HER2-based Rx (mainly with chemo) RR=50% 

• BRAF 

– 1-5%  NSCLC, V600E mutation→dabrafenib RR=54% 

• RET 

– Gene fusions 1-2% NSCLC, multiple partners, case reports of responses 

to cabozantinib and vandetanib 

• Other low frequency mutations are also continuing to be 

identified 

 

Berge and Doebele Sem Oncol 2014;41:110 
 



Personalizing Therapy for NSCLC 

 



New Approaches-Immunotherapy 

 



Immunotherapy 

 



Approaches to reducing cancer 

morbidity and mortality 

• Prevention (primary, secondary, tertiary) 

• Early detection 

 

• Better therapeutics 



Lung Carcinogenesis 

 



Smoking Cessation and Lung Cancer 



The use of natural or synthetic agents to  

suppress or reverse carcinogenesis 

Cancer Chemoprevention 

– Regress existing neoplastic lesions (treat 

intraepithelial neoplasia) 

– Prevent development of new neoplastic  

lesions (preneoplastic and cancer) 

– Suppress recurrence of neoplastic lesions 

 

 



Lung Cancer Prevention 

 



When is the best time to intervene during 

carcinogenesis? 

• Efficacy of intervention 
– Early stage cancer is more curable than late 

– Are precursor lesions more curable than invasive 
cancer? 

– Can carcinogen-induced DNA damage be prevented? 

– Multiple pathways of carcinogenesis 

• Toxicity of intervention  
– High toxicity acceptable short-term, in setting of cancer 

• Target population – size and ability to identify 
– Many at risk (smokers), relatively few get cancer/yr 

– Inability to identify non-smokers at risk 

• Cost (resources, psychological impact, etc.) 

 



Minimal Requirements for Preventive Strategies 

• Benefit   

– Efficacy in preventing cancer and associated 

morbidity/mortality 

• Risk 

– Lack of adverse side effects that increase 

morbidity/mortality from other diseases, short- and 

long-term (major side effects) 

– Tolerability of intervention (minor side effects 

affecting compliance) 

 

 



Efficacy:  How Do We Identify New Agents? 

• Knowledge of mechanism 
– Example:  HPV vaccine and cervical cancer 

– Need:  understanding molecular pathogenesis 

• Preclinical (in vitro and animal models) 
– Example:  NSAID treated carcinogenesis and transgenic 

models 

– Need:  models reflective of complexity of human disease 

• Observational epidemiology (cohort and case-
control studies) 
– Example:  NSAIDs and colon cancer incidence/mortality 

• Secondary endpoints from clinical trials (including 
other diseases) 
– Example:  Tamoxifen/raloxifene and breast cancer 
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Budesonide and Lung 
Tumorigenesis 



Bronchial Dysplasia 



Natural History of bronchial 
lesions 



Phase IIb Trial 

 



Inhaled Budesonide 

 



Budesonide Trial 

 



Chemoprevention Trial 

 



Atypical Adenomatous Hyperplasia 

 



Non-solid nodules 

 



CT-detected Lung Nodule 

 



Non-calcified nodules 

 



Aspirin and Mortality 

 



Phase II Trial 

 



Chemoprevention Trial 

 



Myo-Inositol 

 



Rationale for myo-Inositol in Lung Cancer 

Prevention 

• Efficacy 
– Multiple animal studies show inhibition of carcinogen induced 

tumors in mice (40-50%) 
• Estensen and Wattenberg, Carcinogenesis 1993;14:1975  

• Hecht et al., Carcinogenesis 2002;23:1455 

– Inhibits carcinogenesis in mainstream/sidestream smoke-exposed A/J 
mice by 53% 
• Witschi H et al., Carcinogenesis 1999;20:1375 

– Combination with budesonide  efficacy up to 80%  
• Estensen and Wattenberg, Carcinogenesis 1993;14:1975 

• Witschi et al. Carcinogenesis 1999;20:1375 

• Wattenberg et al. Carcinogenesis 2000;21:179 

• Safety 
– Used in multiple short term trials for psychiatric and diabetic 

neuropathy indications – no toxicity reported 

– Generally Regarded as Safe (GRAS) by US FDA terminology 
 

 



Phase I Study of myo-Inositol 



PI3K pathway genes 



Implications – Molecular Selection Criteria 

&/or Endpoints 

• Does PI3K activation truly identify smokers at risk 
for cancer? 
– Easier to get normal brushings than to identify dysplasia 

(sampling bias); do not remove biomarker with procedure 

– Potential to identify “the right” cohort 

• New potential clinical trial model – pathway 
analysis pre- and post-treatment, smaller # 
participants, shorter interventions 
– Identify mechanisms of interventions 

– Needs validation! 

 
 
 
 



Phase IIB myo-Inositol Trial 

 



Lung Carcinogenesis 

 



Issues in Lung Cancer Screening 

• Lead-time bias=earlier diagnosis but no 
postponement of death (survival appears longer) 

• Length bias=diagnosis of more indolent disease 
with longer preclinical phase (better prognosis, 
better outcome)  

• Overdiagnosis=identification of clinically 
unimportant lesions that would not be diagnosed 
otherwise 
 

• Morbidity/mortality/cost of screening and 
subsequent work-up  



PLCO Trial 

 



NLST (National Lung Screening Trial)  

• NLST design 

– 53,454 smokers (current and former) 

– 30 pack-yr smoking hx; quit <15 yrs ago 

– Age 55-74 

– Helical CT vs. chest X-ray (prevalence, then x2) 

• NLST results 

– CT  - 24.2% ‘positive’ tests, 354 lung cancer deaths  

– CXR – 6.9% ‘positive’ tests,  442 lung cancer deaths 

– 20.0% reduction in lung cancer mortality 

– 6.7% reduction in all cause mortality 

 

 
NLST Research Team. N Engl J Med 2011;365:395-409 



Lung Cancer and Deaths 



Lung Cancer Risk 



Summary 

• Tremendous progress has been made in 
understanding lung carcinogenesis 

– Precision medicine applicable to significant (but 
small) subset of advanced stage patients, increased 
survival 

– Early days of immunotherapy – prolonged survival 
in small subset of patients 

– Early detection with helical CT –decreased lung 
cancer mortality 

– New targets and tools available for chemoprevention 
research 

 

 



“An ounce of prevention 
is worth a pound of cure” 

  -Benjamin Franklin 

 


