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Molecular epidemiology of lung 
cancer 

• Difference in incidence/mortality 

• Difference in histologic distribution 

• Difference in EGFR/KRAS mutation 

• Difference in smoking habit 

• Difference in susceptibility to different 
carcinogens based on SNPs  
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Lung cancer mortality and  smoking rate 
do not parallel 
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Lung cancer mortality 2011 Adult population smoking daily, 2011 

OECD 
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Higher susceptibility  to lung cancer  
in Caucasian smokers than in Asian smokers 
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 Men had higher death rates from lung cancer than women in all age and racial groups studied 

 Male and female incidence rates were similar when standardized across all ages 40? y, albeit 

with some variation by age 

 African Americans and Asians living in Korea and Japan (but not in the US) had higher death 

rates from lung cancer than individuals of European descent 

 No temporal trends were seen when comparing incidence and death rates among US women 

age 40–69 y during the 1930s to contemporary populations where few women smoke, or in 

temporal comparisons of neversmokers in two large American Cancer Society cohorts from 

1959 to 2004 

 Lung cancer incidence rates were higher and more variable among women in East Asia than 

in othergeographic areas with low female smoking. 

Thun et al., PLoS Med., 5(9) e185, 2008 
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EGFR-mutated lung cancer typical of  
lung cancer in non-smokers occurs 

independent of smoking 
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Lung cancer mortality (per 100,000) among life-long 
never smokers in individual 6 cohort studies  

(Korea x 1, Japan x 1, US x 3) 
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Incidences of EGFR mutations  
according to patient backgrounds 

 (compiled from the literature N=2880, Mitsudomi et al., Cancer science 2007) 
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EGFR Mutation frequency according to 
ethnic/geographic backgrounds 
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Smoking rate by sex and countries in  
lung cancer cases and controls 
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Incidence of EGFR mutations in Pack-year: Comparison 
of US data with Japanese data  
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Incidence of driver gene mutations in adenocarcinoma 
of the lung 

Seo et al., genome Res, 2012 
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Case control study at ACC to assess effect of 
smoking on EGFR mutations 

 Lung cancer cases  435 

152 EGFR mutation, 283 wt 

 Non-cancer controls 2175   

1:5 age-sex matched 

Comprehensive life-style data by The Hospital-based Epidemiologic Research Program at 
Aichi Cancer Center (HERPACC)  

Does smoking prevent EGFR mutations? 
 
 

Matsuo et al., Cancer Science 98:96-101,2007 
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Matsuo et al., Cancer Science 98:96-101,2007 
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Smoking-independent 

EGFR mutation, smoking and ethnicity 

Asians Caucasians 

Smoking-independent 

Smoking dose 
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GWAS of lung cancer vs controls 

Yang IA, Holloway JW, Fong KM: Genetic susceptibility to lung cancer and co-morbidities. J Thorac Dis 5:S454-S462, 2013 

5p15 TERT-CLPTMIL 

15q25 CHRNA3 
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5p15: Consistent results between Western and Asians 

* p<0.05, Troung T, et al., JNCI, 102:959-971, 2010) 

rs2736100: teromerase reverse transcriptase gene (TERT) 

rs407210: cleft lip and plate transmembrane1-like gene (CLPTM1L) 

number of risk allele 

p for per risk allele = 3.0x 10-13 

* 

* 

* 

* 

* 

p for per risk allele = 7.0x 10-6 
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Interaction between cumulative smoking dose and rs12914385 

(CHRNA3) on 15q25 

Pack-years 

Effect of smoking on the risk of lung cancer was stronger in with 15q25 
risk allele carriers in Japanese population. 

* p<0.05 

Association between a  GWAS identified locus and the   risk of lung cancer in Japanese Population 

Ito H, et al. JTO 7:790-797, 2012 

* * 

* 
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1.35-3.77 

3.41-8.66 

0.86-1.31 
0.79-2.21 

1.39-3.85 

5.79-14.5 

P for interaction : 0.021  
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What makes Asian people susceptible 
for EGFR mutation? 
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Polymorphisms within the EGFR gene 

• CA-SSR1(CA simple sequence repeat 1) in intron 1 

– East-Asians have longer repeats (Liu et al, CCR 2003) 

– Shorter repeats are associated with increased transcription 
and protein expression (Gebhardt, JBC 1999, gebhardt Hitol 
Hist Pathol 2000) 

• 2 SNPs in the promoter lesion with increased transcription and 
expression of EGFR mRNA 

– -216(G/G to G/T or T/T) 
• SP1 binding site  

• Less common in Asians (Liu, Cancer Res 2005) 

– -191(C/C to C/A or A/A) 
• Promoter regions 

• Less common in Asians(Liu, Cancer Res 2005) 
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CA-SSR1: ethnic difference, transcription and expression 

Gebhardt et al, JBC,9:13176-13180, 1999 Liu et al, Clin Cancer Res,9:1009-1012, 2003 
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Asians→shorter repeat→low protein 
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• Variant forms of SNP216 (G/T or T/T) and SNP191 (C/A or A/A) 
(associated with higher protein production in experimental 
systems) were less frequent in East Asians than in individuals of 
other ethnicities (p<0.001). 

• Both alleles of CA-SSR1 were significantly longer in East Asians 
than in individuals of other ethnicities (p < 0.001). 

PLoS Med 4(4): e125, 2007 

These findings suggest that the cells of most East Asians make less EGFR protein 

than do the cells of individuals of other ethnicities. If a certain critical level of EGFR 

is required to drive the cell toward a malignant phenotype,mutations of the TK 

domain and autonomous activation of downstream signaling may target East 

Asians, the subgroup with possibly lower intrinsic protein production. 

Asians→SNP infrequent→low protein 

Asians→longer repeat→low protein 
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Preliminary results of GWAS for 
EGFR mutated lung cancer 

• Purpose 

– To explore genomic locus that explains difference in incidence of EGFR 
mutations between Japanese and Caucasians  

• Materials and Methods 

– Collaborative GWAS study for NSCLC with confirmed EGFR mutational status 
• GWAS using whole genome scan data obtained by Illumina 610Quad 

• Five Centers 

– Aichi Cancer Center 

– Kyoto University 

– Okayama University 

– Hyogo University 

– Kagawa University 

– Multi-phase study 
• Phase I: Screening phase 

• Phase II: Validation phase 

Courtesy of Prof. K. Matsuo@Kyushu University/Aichi Cancer Center 
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Phase I analysis 

2500 

non-cancer 

controls 

500 

EGFR mut. 
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1,000 
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• Illumina platform. 

– 6 millions of SNPs 
– Screen for loci for 

• EGFR mut. LC 
• EGFR wt. LC 

• Genotyping is on-going. 
• In this presentation, preliminary 

results in ACC data are shown 
– Case-Control study 
– Cases: 118 EGFR mutated lung 

adenocarcinoma treated at ACC 
– Controls: Non-cancer control 

1194 

 

Courtesy of Prof. K. Matsuo@Kyushu University/Aichi Cancer Center 
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Manhattan plot (ACC cohort) 
EGFR mutated LC vs. control 

After QC and GC. 

2 significant and 2 marginally significant loci for EGFR 

mutated lung cancer were identified. 

Courtesy of Prof. K. Matsuo@Kyushu University/Aichi Cancer Center 
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Comparison of allele freq. of risk allele in 
HapMap database. 

• ORs for having risk allele for two of 
four loci were around 3. 

• Allele freq. of risk allele for these loci is 
common in Japanese than in 
Caucasian. 

• This is accordant with the fact EGFR 
mut lung cancer is more prevalent in 
Japanese than in Caucasian. 

Caucasians 

Japanese 

Caucasians 

Japanese 

Courtesy of Prof. K. Matsuo@Kyushu University/Aichi Cancer Center 
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Conclusions 
 In smokers, the risk for lung cancer is higher in Caucasians, while in 

never smokers, the risk is higher in Asians 

 EGFR mutations are dependent on smoking status, ethnicities, sex 
and histologic types 

 Risk for EGFR mutated lung cancer is independent of smoking dose.  

 Three polymorphisms within the EGFR gene is responsible for lower 
EGFR protein level in Asians that may be relevant to high EGFR 
mutation rate 

 GWAS reproducibly identified risk alleles at 5p15 and 15q25 in 
Caucasians. 

 While 5p15 allele has similar effect on both Caucasians and Asians, 
effect of 15q25 appears different  

 Preliminary GWAS efforts revealed several loci that is significantly 
associated with EGFR mutated lung cancer which is more frequent 
in Asians  


