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Incidence rates from SEER (1975-1999) 

Å N=228,572 (35.8% ǀ) 
Å ǀ = 40.9% of pts younger than 50 yrs at diagnosis 
Å Histologic subtypes differed significantly between ǀ and ǁ(p<0.0001) 
Å Incidence rates for SCLC and squamous decreased for ǁ and increased for ǀ  

   9.3% ǁ 
   40.5% ǀ 

Fu JB, Chest 2005 



Data from Europe 

 

Ferlay J et al, Ann Oncol 2007 

Estimated Incidence Estimated Mortality 



Potential Increased Risk from Smoking for Women 

Reference Type of Study 

Increase in Lung Cancer for 
Female smokers vs Male 

smokers 

Risch, Am J Epi 1993 Case Control Yes 

Harris, Int J Epi 1993 Case Control Yes 

Zang, JNCI 1996 Case Control Yes 

Osann, Int J CA 1993 Case Control Yes 

Henschke, Lung CA 2004 
Logistic regression  

analysis 
Yes 

Kreuzer, Br J CA, 2000 Case Control No 

Tanoue, Clin Chest Med 2000 Cohort No 

Halpern, JNCI, 1993 Cohort No 

Bach, JNCI, 2003 Cohort No 

Freedman, LancetOnc 2008 Cohort >400,000 No, HR 0.9 W vs M 



Thun MJ, Oncogene, 2002  

Cumulative Probability of Lung Cancer Death in CPS-II 
Men and Women by Smoking Status 



Impact of Smoking Intensity on Prognosis 

Guo NL et al, Lung Cancer 2009 



Never Smokers and Passive Smoking: correlation with EGFR mutations 

Inclusion Criteria 
-126 pts with NSCLC with a smoking history < 100 cigarettes during 
lifetime 
-124 lung cancer pts with a passive smoking history were screened for 
EGFR and k ras mutational status 
 
Biological analyses 
1. EGFR mutations were detected in 83 out of 126 pts  
2. k-ras mutation was found in 2/98 pts 
 
Results  
Cumulative dose of passive smoking (CDP) and gender were 
significantly associated with the incidence of EGFR mutations (OR: 2.07 
for gender; 95%CI: 1.17 to 3.85; p  0.0145)  

T Kawaguchi, ASCO 2010 



Lung Cancer in Never Smokers (NS) & ǀ 

Å In a large cohort  the incidence of lung cancer in NS 
ranges from 14.4-20.8 per 100.000/years in ǀ as compared 
to 4.8-13.7 per 100.000/years in ǁ. Predominant histology : 
adenocarcinoma. 

ω In Polish study among 20.000 lung cancer pts the frequency of 
NS was 18.8% and 2.4% in ǀ and ǁ, respectively. 

ω In Asia the proportion of female lung cancer pts who are NS is 
61 to 83%. 

Radzikowska E Ann Oncol 2002; Wakelee HA JCO 2007; 
Badar F Asian Pac J Cancer Prev 2006 



Never Smokers and Etnicity 

Ou SH I , JTO 2009 



Prognostic Factors in 1499 Japanese pts never smokers with advanced NSCLC 

Tomoya Kawaguchi, Yosihito Maruyama, JTO 2010 

 
Time of accrual: 1990-2005 
Number of pts:  4954 
Stage disease:              IIIB-IV 
Never smokers:  1499 
Ever smokers:               3455 



Tomoya Kawaguchi, Yosihito Maruyama, JTO 2010 

Overall survival curves in the never smokers (A) and ever smokers (B) 

Prognostic Factors in 1499 Japanese pts never smokers with advanced NSCLC 

B 



ω DNA repair capacity  

ω Gender differences in metabolism of carcinogens 

ω Differences in proliferation/growth stimulation (GRPR) 

ω Hormonal interactions 

 

Some Suggested Explanations  

to support Gender Differences 

Lung Cancer Fourth Edition, Gender-Related Differences in Lung Cancer 
Novello S, Brahmer JR, Stabile LP, Siegfried JM 



ω DNA repair capacity (DRC) 

ω Gender differences in metabolism of carcinogens 

ω Differences in proliferation/growth stimulation (GRPR) 

ω Hormonal interactions 

 

Some Suggested Explanations  

to support Gender Differences 



DRC and Risk of Lung Cancer 

DRC (median)    
 > 8.1 1.0    
 < 8.1 1.5   (1.2, 1.9) 

Smoking Status 

 Never 1.8    (1.0, 3.3) 

    Former 1.4    (1.0, 1.9) 

    Current 1.6    (1.2, 2.3) 

 Variable Adjusted OR (95% CI)  

Spitz et al, CEBP, 2003 

n = 764 cases and 677 controls 



Age (years)     
  < 60 128 7.6 ± 2.8
   

    60 - 69 123 8.2 ± 3.2     0.05
  

    ² 70 65 8.5 ± 3.2 

Gender    
 Male 402 8.2 ± 2.8     < 0.001
  Female 362 7.5 ± 2.8 

 Variable No Mean % p-value
    °SD
 for trend 

DNA Repair Capacity 
Lung Cancer Cases 

Spitz, CEBP, 2003 



Age (yrs)     

 < 60 109 100.8 ± 94.6        0.05                                       

   61+ 112 85.8 ± 83.6 

Gender        

   Male 114 100.1 ± 89.1  NS
 Female 107 85.8 ± 89.4 

Smoking status    
 Never                              21    103.7 ±101.6      NS
 Former 85 87.1 ± 75.0 
 Current 115 95.8 ± 97.0  

 Variable N Mean(%)°SD P value
  

Induced Adduct Levels 
Lung Cancer Cases 

Li et al, Cancer Res 2001  



Prognostic genes in Lung Cancer and Gender 

ω38 candidate genes (RT-PCR) 

ωN=91 completely resected pts with stage I-III NSCLC 
(ǀ=21) 

ωHigh expression of ERCC1, HER2, RXRbeta were 
associated with favourable outcomes in ǀ 

 

Danenberg K; Proc ASCO 2004 



NSCLC Inoperable pts:  
gender, ERCC1 and impact on survival 

ωRetrospective analysis 

ωN=163 unoperable NSCLC 

ωERCC1 IHC 

ωERCC1 +: 49% ǁ; 37% ǀ 

ωERCC1 -: 51% ǁ; 63% ǀ 

Holm B; JCO 2009, 27:4254-9 



Gender Differences in DSB genes 

To test sex-related differences in the expression of 
selected genes involved in DNA repair 

mRNA levels of 22 DNA repair genes were evaluated in 
50 consecutive early stage chemo-näive NSCLC patients 
and in corresponding normal tissue 

 

Quantified by Real-Time PCR  

Novello S, JTO 2008  



NÁ of patients  

Sex 

      Male 

      Female  

 

37 

13 

Median Age  69 

Histology 

      Adeno 

      Squamous 

      Other  

 

25 

18 

7 

Grade of differentiation 

      Well 

      Moderate 

      Poor  

 

10 

18 

22 

Stage 

      I 

      II 

      III  

 

31 

10 

9 

Patients Characteristics  (n=50) 

Novello S, JTO 2008  



Results 

Å Genes belonging to DSB had a significant sex-specific 
over-expression rate 

ω 71% of DSB genes (5 out of 7) had significant higher 
transcript levels in male patients compared to female (p< 
0.03) 

ω BRCA1 (p= 0.01), BRCA2 (p= 0.005) and XRCC3 (p= 0.004) 
were the DSB genes more strongly over-expressed in male 
patients 

Novello S, JTO 2008  
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Novello S, JTO 2008 



Å All the other genes from other pathways were not 
significantly correlated with gender 

Results 

P=0.24 
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Novello S, JTO 2008 



ω DNA repair capacity  

ω Gender differences in metabolism of carcinogens 

ω Differences in proliferation/growth stimulation (GRPR) 

ω Hormonal interactions 

 

Some Suggested Explanations  

to support Gender Differences 



Gender differences in metabolism of carcinogens  

 CYP1A1 
  

ωCPYA1 codes for an enzyme which activates PAH-forming DNA 
adducts.  

ωSignificant correlation between CYP1A1 expression and DNA 
adduct levels (r= 0.50, p= 0.016) 

ω Female smokers had significantly higher levels of adducts/pack-
year  and adducts/cigarette/day than men (1.49 + 1.29  vs. 0.89 + 
0.74, P= 0.015) 

ω Females had higher CYP1A1 levels than males (494 + 334 units vs.  
210 + 208 units, P= 0.016) 

Mollerup, et al; Cancer Res; 1999: 59: 3317-20 



Gender differences in metabolism of carcinogens  
 CYP1A1/CYP1A2 

ωIn Chinese females nonsmokers fast CYP1A2 activity 
had an adjusted OR of 6.9 compared to slow ones, 
making them at higher risk of developing lung 
cancer 

ωAlso CYP1A1 is associated with an increased risk of 
lung cancer in female nonsmokers (OR=3.97) 

Yang XR et al; Cancer Lett 2004 



Gender differences in metabolism of carcinogens  
 Glutathione S-Transferase (GST) 

 

Odds ratio for GSTM1 null 
phenotype and WT 

Female  

(CI) 

Male  

(CI) 

Lung cancer 
2.50  

(1.09-5.72) 

1.40  

(0.58 - 3.38) 

Lung cancer in smokers 
3.03  

(1.09 -8.40) 

1.42  

(.053-4.06) 

ωGST deactivates carcinogens; the null genotype fails to deactivate 
carcinogens, resulting in prolonged exposure 

ωGSTM1 null genotype associated with lung cancer (odds ratio: 2.04) 

Tang, et al; Carcinogenesis, 19: 1949-1953, 1998 
 



Gender differences in metabolism of carcinogens  
 Glutathione S-transferase (GST) and Radon Exposure 

 ω N=270. GSTM1 genotyping in 267 (99%) 

ω GSTM1 null : 52% 

ω Radon concentrations were measured in Missouri and Iowa using radon 
detectors placed in some residences for 1 year 

ω Radon concentrations were associated with >3-fold increase in the 
interaction OR (OR=3.41; 95% CI=1.10, 10.61)  for  GSTM1 null 
homozygotes compared to GSTM1 carriers. 

Bonner et al; Int. J. Cancer 2006: 119, 1462ς1467  
 



ω DNA repair capacity  

ω Gender differences in metabolism of carcinogens 

ω Differences in proliferation/growth stimulation (GRPR) 

ω Hormonal interactions 

 

Some Suggested Explanations  

to support Gender Differences 



Å Gastrin-Releasing Peptide (GRP): plays a role in neoplasia  
by stimulating cell proliferation. Its effect is mediated mainly 
through the GRPR. 
 
ω The  gene  for  GRPR  is X-linked, located on chromosome  
Xp22,  near  a  cluster  of  genes that  escape X-inactivation. 
 
ω Women can have two actively  transcribed alleles compared  
with only one in men. 
 
ω Increased  expression  of  the GRPR  gene was noted when  
human airway cells were exposed to oestrogens. 

Differences in proliferation/growth stimulation 
GRP 

Shriver SP 2000, JNCI 



Differences in proliferation/growth stimulation 
EGFR 

Characteristics 
Patients with 

mutation/total  

In unselected patients 14/182 (8%) 

Adenocarcinoma 15/152 (10%) 

Women with adenocarcinoma 12/83 (15%) 

Women non-smokers with 
adenocarcinoma 

18/34 (53%) 

ASCO 2004  



T Mok et  al, New England Journal of Medicine, 361: 2009 

The female patients in IPASS study 

 

INCLUSION CRITERIA  

 

Demographic and baseline characteristics in the ITT population  

Kaplan-Meier Curves for Progression Free Survival 

252M/965F 



Screening for EGFR mutations in Lung Cancer 

R Rosell  et al, New England Journal of Medicine, 361: 2009 
Baseline characteristics 

PFS and OS: Multivariate Analyses 



Variables associated with EGFR Mutations 

Tanaka T et al, Int J Cancer 2010 

Å The EGFR mutation was significantly associated with adenocarcinoma (p = 
0.006) and light-smoking (p < 0.0001), but not gender. 
Å The deletions in exon 19 were more frequently associated with male gender 

while exon 21 deletions were with female gender . 

p< 0.047 



EGFR Tyrosine Kinase Inhibitors 

ωFemale sex is predictive of response: 

   - Symptoms improvement: 50% vs 31% (p 0.006) 

   - Radiographic regression: 19% vs 3% (p=0.001) with 82% 
of responses among women 

Kris MG, JAMA 2003  



EGFR TKIs: Female sex is predictive of response 

BR.21 ISEL 

Response rate (%) OS (mo) Response rate (%) OS (mo) 

TKIs 

Placebo 

8.1 

<1 

(p<.001) 

6.7 

4.7 

8 

1.3 

(p<.0001) 

5.6 

5.1 

(p=.087) 

Women* 

Men* 

 

EGFR-mutated* 

EGFR-WT* 

 

14 

6 

(p=.006) 

16 

7 

(p=.37) 

HR=0.8 

HR=0.8 

 

NR 

NR 

15 

1 

 

38 

3 

NR 

NR 

 

NR 

NR 

*Treated patients 

Shepherd F et al,  NEJM 2005; Thatcher N et al, Lancet 2005    



BR.21 Trial: Overall Survival by Gender 

SUMMARY STATISTICS:
Log-Rank test for equality of groups:  p=0.0025

Female/OSI-774 Female/Placebo
Male/OSI-774 Male/Placebo

P
e

rc
en

ta
ge

0

20

40

60

80

100

Time (months)
 # At Risk(Female/OSI-774) 
 # At Risk(Female/Placebo) 

 # At Risk(Male/OSI-774) 
 # At Risk(Male/Placebo) 

 0.0
173
83
315
160

10.0
75
27
113
32

20.0
3
2
9
2

30.0
0
0
0
0

_____ Erlotinib Female 

_____ Placebo Female                                                   

_____ Erlotinib Male 

_____ Placebo Male 

Months 

Interaction   p = n.s. 

Shepherd F et al,  NEJM 2005     
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ω Hormonal interactions 

 

Some Suggested Explanations  

to support Gender Differences 



-̡estradiol induces 
proliferation in NSCLC 
cells and anti-estrogens 
block this effect  
     Kiuper, Endocrinology 1997 

Oestrogens may be involved in lung tumorigenesis at different levels:  
Å   As ER ligands activating cell proliferation  
Å   Via ERs in the plasma membrane causing interactions between ERs and  
    growth factors such as EGF and IGF (in EGFR and ER+ cells) 
 
Å   Oestrogens may alter metabolic activation of carcinogens (modulations 
    of CY1A1, CY1B1)                                                             Stabile L;  Cancer Res 2005 

Hormonal Interactions 



Correlation between EGFR Mutations and expression of  
Female hormone receptors in East Asian Lung Adenocarcinomas  

CK Toh et al, JTO; 5: 17-22, 2009 

Frequency of expression of HRs according to clinical factors and EGFR mutation status 

There was no significant associations between HRs status and clinical factors such as 
sex, race, smoking status and stage and presence of EGFR mutations 



CK Toh et al, JTO; 5: 17-22, 2009 

Univariate analyses of clinical  
charactersitics and Overall Survival  

ER Ŭ positivity was significantly associated with ER 
 ̡and PR positivity  

Advanced stage and weight 
loss are variables of poor 
prognosis. 
No statistically significant 
difference between OS pts  
according to any HRs. 
 

Correlation between EGFR Mutations and expression of  
Female hormone receptors in East Asian Lung Adenocarcinomas  



Italy  

 

Å Jan ð Nov  2008 (N=116).  

Å Matherial  for  the IHC available  in 66 

cases  (46 men ,  20 women)  

Å Bronchial  biopsy : 54.5%, FNA 22.7%, 

other  (22.7%).  

 

 

Spain  

 

Å May-Nov  2009 (N=90)  

Å Matherial  for  the IHC available  in 49 

cases  (38 men ,  11 women). This  

evaluation  is still  ongoing  

Å Bronchial  biopsy : 59.2%, FNA 20.4%, 

other  18.4%.  

 

 

Prospective Evaluation in advanced NSCLC 



End Points 

Å Primary :  

      IHC evaluation  of  ERŬ, ERɓ, PR, aromatase , ERCC1 in advanced  

NSCLC pts  . 

 

Å Secondaries : 

     Prospective  evaluation  of  many  variables  (gender, PS, histotype , 

smoking habit , é) HRs and theier  relationship  with  the outcome .  

       

     Prospective  evaluation  of  some baseline  data in women: such  as 

parity , menarcha  date, menopausal  date, use  of  hormonal  therapy .  

 

 

 



ER̡  and survival 
 

0 5 10 15 20 25 30 35 40 45

Time

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

C
u

m
u

la
tiv

e
 P

ro
p

o
rtio

n
 S

u
rv

iv
in

g

ER beta low

ER beta high

           : high levels of ER̡  (7-12) 
           : low levels of ER ̡   (1-6) 

ALL (N=63)  

P=0.28 



Aromatase in Lung Cancer 

ωAromatase protein was expressed in lung tumor tissue 
and was demonstrated to be functional. 

ωA decrease in growth of lung tumor xenografts treated 
with anastrozole was observed 

Weinberg  OK, Cancer Res 2005 



 

Aromatase in Lung Cancer 

Mah  V, Cancer Res 2007 

Lower levels of 
aromatase predicted a 
greater chance of 
survival in women 65 
years and older with 
diagnosis of lung 
cancer. 



Aromatase and survival 
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Biomarker Results by Gender1: 
 Male versus Female (N=2071: 52% ǀ) 

  
Biomarker 

NSCLC-Total 

N=2,071 

Male 

 N=992 

Female 

 N=1,079 

      Male vs 

Female  p 

value 

ERCC1 N  1,889 900 989 

Median  1.97  2.09 1.9 0.001* 

Range  0.22-27.31 0.34-24.79 0.22-27.31 

RRM1 N  1,520 740 780 

Median  1.14  1.26 1.08 <0.001* 

Range  0.17-33.19 0.19-33.19 0.17-13.95 

TS N  1,397 638 759 

Median  2.75 2.99 2.54 <0.001* 

Range  0.34-68.0 0.42-60.58 0.34-68.0         *Mann-

Whitney     test 

1 Analysis of one or more biomarkers 
Gandara D et al, ASCO 2010 

P=0.09 

ERCC1 expression (only in MEN, N=44) 


