
Page 1 
 

 

Supplementary Online Content 
 
 

Nishihara R, Lochhead P, Kuchiba A, et.al. Aspirin Use and Risk of Colorectal Cancer 
According to BRAF Mutation Status. JAMA. 
2013;309(24):doi:10.1001/jama.2013.6599. 
 
 
eSupplement. Statistical analysis 
 
eTable 1. Sensitivity analysis on regular use of aspirin and incident colorectal cancer 
by BRAF mutation status 
 
eTable 2. Regular use of aspirin and incident colorectal cancer by PIK3CA mutation 
status, and combination of BRAF / PIK3CA mutation status 
 
eTable 3. Regular use of aspirin and incident colorectal cancer by KRAS mutation 
status, and combination of BRAF / KRAS mutation status 
 
eTable 4. Post-diagnosis aspirin use and colorectal cancer mortality in strata of BRAF 
mutation status and combined BRAF / PIK3CA mutation status 
 
 
 
This supplement was corrected for typographical and formatting errors. 
 
 
This supplementary material has been provided by the authors to give readers 
additional information about their work. 



Page 2 
 

 

Statistical analysis 

In the analysis of cancer incidence, we used Cox proportional cause-specific hazards 

regression model with a duplication method for competing risks data.1,2  Multivariable HRs were 

further adjusted for body mass index (<25, 25-29.9 or ≥30 kg/m2), family history of colorectal 

cancer in any first-degree relative (yes or no), smoking status (never, former, or current), lower 

endoscopy status (no endoscopy, confirmed history of adenomatous polyps, or negative 

endoscopy [i.e., endoscopy without detection of adenomatous polyps or cancer]), 

postmenopausal hormone use (for women only, never or ever), history of diabetes, history of 

cardiovascular disease (including angina, myocardial infarction, coronary artery bypass graft 

[CABG], percutaneous transluminal coronary angioplasty [PTCA], or stroke), physical activity 

[quintiles of metabolic-equivalent task (MET) score per week], red meat intake (quintiles of 

servings per day), alcohol consumption (0 or quartile of grams per day), total caloric intake 

(quintiles of kcal per day), folate intake (quintiles of μg per day), calcium intake (quintiles of mg 

per day), and current multivitamin use (yes or no).  For covariates with missing data, we created 

indicator variables and included these indicator variables in the model.  Data were missing in 

some individuals for body mass index (0.2%), family history of colorectal cancer (0.4%), 

smoking status (4.3%), endoscopy (2.6%), folate intake (5.7%), calcium intake (5.7%), physical 

activity (7.5%), red meat intake (0.01%), multivitamin use (0.1%), and post-menopausal 

hormone use in women (9.2%).  We observed no evidence of violation of the proportional hazard 

assumption based on the interaction terms between aspirin use and follow-up time (P=0.30 for 

BRAF-wild-type cancer; P=0.48 for BRAF-mutated cancer).  With a P value of 0.05 for 

significance, and sample sizes of 1,044 for BRAF-wild-type and 182 for BRAF-mutated tumors, 

the detectable ratio of HRs (comparing regular aspirin users with non-users) for BRAF-wild-type 
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vs. BRAF-mutated tumors was 0.64 with 80% power.  Before pooling the two cohorts, we 

analyzed each cohort separately and tested heterogeneity using the Q statistic.3  We did not 

observe significant or appreciable heterogeneity between cohorts for the association of regular 

aspirin use with risk of any of the specific cancer subtypes (P≥0.07 for Cochran’s Q test).  Age-

adjusted incidence rate (IR) was calculated by dividing the estimated number of incident cases 

by the number of person-years of follow-up using the prevalence of molecular subtypes observed 

in our study.  IR was standardized to the baseline age distribution of the study population. 

 For the exploratory analysis of survival after colorectal cancer diagnosis, we identified 

955 patients, who were diagnosed before July 1, 2006, with available tumor tissue data, aspirin 

use information, and survival data.  Patients were followed until death or January 1, 2012, 

whichever came first.  The National Death Index was used to ascertained deaths of participants.  

The cause of death was assigned by study physicians.  Data on deaths from causes other than 

colorectal cancer were censored in the analysis of colorectal cancer-specific mortality.  We used 

Cox proportional hazards models to calculate HRs for mortality according to the status of post-

diagnosis aspirin use and BRAF mutation.  Interaction tests were performed by means of the 

Wald test using the cross-product term of the aspirin and BRAF variables.  The multivariable 

models were stratified by disease stage (I, II, III, IV, or unknown) and initially included age at 

diagnosis (continuous), sex, year of diagnosis (continuous), months from diagnosis to first 

measurement of post-diagnosis aspirin use (continuous), pre-diagnosis aspirin use, body mass 

index (<30 or ≥30 kg/m2), tumor location (proximal, distal colon or rectum), tumor 

differentiation (poor or well-moderate), MSI (high or low/MSS), CIMP (high or low/0), KRAS 

mutation, PIK3CA mutation (only in the analysis of BRAF mutation), LINE-1 methylation, and 

PTGS2 expression.  Data on cancer treatment were not available in this study.  To avoid 
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overfitting, a backward elimination with a threshold of P=0.05 was used to select variables in the 

final models. 
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eTable 1. Sensitivity analysisa on regular use of aspirinb and incident colorectal cancer by BRAF 
mutation status 
    Non-users Regular users Pheterogeneity

b 
Person-years 1,415,047 1,064,193  
All colorectal cancer    
 N 665 459  
 Age-adjusted HR (95% CI) 1 [referent] 0.77 (0.68-0.87)  
  Multivariable HR (95% CI)c 1 [referent] 0.77 (0.68-0.87)   
     
BRAF-wild-type cancer    
 N 571 376  
 Age-adjusted HR (95% CI) 1 [referent] 0.73 (0.64-0.84)  
 Multivariable HR (95% CI)c 1 [referent] 0.73 (0.63-0.83) 0.061 
BRAF-mutated cancer    
 N 94 83  
 Age-adjusted HR (95% CI) 1 [referent] 1.00 (0.75-1.35)  
  Multivariable HR (95% CI)c 1 [referent] 1.00 (0.74-1.34)   
CI, confidence interval; HR, hazard ratio; N, number of cases. 
a Information on cholesterol lowering drug use, anti-hypertensive medication use, and non-steroidal 
anti-inflammatory drug use was included using the NHS from 1990 and the HPFS from 1986.  
b In the NHS, regular aspirin use was defined as the consumption of at least two 325 mg tablets per 
week and non-use was defined as consumption of fewer than two tablets per week.  In the HPFS, 
regular aspirin use was defined as the consumption of aspirin at least two times per week and non-
use was defined as the consumption of aspirin fewer than two times per week.  
c P for heterogeneity test for the heterogeneity of the association of regular aspirin use with colorectal 
cancer defined by molecular subtype. 
d Multivariable HR was further adjusted for body mass index (<25 vs. 25-30 vs. ≥30 kg/m2), smoking 
status (never vs. former vs. current), family history of colorectal cancer in any first-degree relative, 
endoscopy status (no endoscopy vs. history of adenomatous polyps vs. negative endoscopy), history 
of diabetes, history of cardiovascular disease, physical activity level  [quintiles of mean metabolic 
equivalent (MET) task hours per week], red meat intake (quintiles of servings/day), total calorie intake 
(quintiles of kcal/day), alcohol consumption (0 or quartiles of g/day), folate intake (quintiles of μg/day), 
calcium intake (quintiles of mg/day), and current multivitamin use.  Models were further adjusted for 
cholesterol lowering drug use, anti-hypertensive medication use, and non-steroidal anti-inflammatory 
drug use. 



Page 6 
 

 

eTable 2. Regular use of aspirina and incident colorectal cancer by PIK3CA mutation status, and 
combination of BRAF / PIK3CA mutation status 
   Non-users Regular users Pheterogeneity

b 
Person-years 1,848,818 1,317,167  
PIK3CA mutation status    
 PIK3CA-wild-type cancer    
 N 559 384  
 Age-adjusted HR (95% CI) 1 [referent] 0.79 (0.69-0.90)  
 Multivariable HR (95% CI)c 1 [referent] 0.79 (0.69-0.90) 0.28 
 PIK3CA-mutated cancer    
 N 115 68  
 Age-adjusted HR (95% CI) 1 [referent] 0.65 (0.48-0.88)  
 Multivariable HR (95% CI)c 1 [referent] 0.66 (0.48-0.89)  
         
BRAF / PIK3CA mutation status   0.078 

 
BRAF-wild-type PIK3CA-wild-type 
cancer    

 N 480 319  
 Age-adjusted HR (95% CI) 1 [referent] 0.76 (0.66-0.88)  
 Multivariable HR (95% CI)c 1 [referent] 0.76 (0.65-0.88)  

 
BRAF-wild-type PIK3CA-mutated  
cancer    

 N 103 53  
 Age-adjusted HR (95% CI) 1 [referent] 0.56 (0.40-0.79)  
 Multivariable HR (95% CI)c 1 [referent] 0.57 (0.41-0.80)  

 
BRAF-mutated PIK3CA-wild-type  
cancer    

 N 79 65  
 Age-adjusted HR (95% CI) 1 [referent] 0.95 (0.68-1.33)  
 Multivariable HR (95% CI)c 1 [referent] 0.95 (0.68-1.33)  

 
BRAF-mutated PIK3CA-mutated  
cancer    

 N 12 15  
 Age-adjusted HR (95% CI) 1 [referent] 1.37 (0.64-2.95)  
 Multivariable HR (95% CI)c 1 [referent] 1.36 (0.63-2.93)   
CI, confidence interval; HR, hazard ratio; N, number of cases. 
a In the NHS, regular aspirin use was defined as the consumption of at least two 325 mg tablets per week and 
non-use was defined as consumption of fewer than two tablets per week.  In the HPFS, regular aspirin use was 
defined as the consumption of aspirin at least two times per week and non-use was defined as the 
consumption of aspirin fewer than two times per week. 
b P for heterogeneity tests for the heterogeneity of the association of regular aspirin use with colorectal cancer 
defined by molecular subtype (i.e., the association for at least one subtype is significantly different from the 
association for at least one of the others). 
c Multivariable HR was further adjusted for body mass index (<25 vs. 25-30 vs. ≥30 kg/m2), smoking status 
(never vs. former vs. current), family history of colorectal cancer in any first-degree relative, endoscopy status 
(no endoscopy vs. history of adenomatous polyps vs. negative endoscopy), history of diabetes, history of 
cardiovascular disease, physical activity level  [quintiles of mean metabolic equivalent (MET) task hours per 
week], red meat intake (quintiles of servings/day), total calorie intake (quintiles of kcal/day), alcohol 
consumption (0 or quartiles of g/day), folate intake (quintiles of μg/day), calcium intake (quintiles of mg/day), 
and current multivitamin use. 
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eTable 3. Regular use of aspirina and incident colorectal cancer by KRAS mutation status, and combination of BRAF / 
KRAS mutation status 
   Non-users Regular users Pheterogeneity

b 
Person-years 1,848,818 1,317,167  
KRAS mutation status    
 KRAS-wild-type cancer    
 N 465 320  
 Age-adjusted HR (95% CI) 1 [referent] 0.80 (0.69-0.92)  
 Multivariable HR (95% CI)c 1 [referent] 0.79 (0.69-0.92) 0.49 
 KRAS-mutated cancer    
 N 266 171  
 Age-adjusted HR (95% CI) 1 [referent] 0.72 (0.60-0.88)  
 Multivariable HR (95% CI)c 1 [referent] 0.73 (0.60-0.89)  
         
BRAF / KRAS mutation status   0.20 

 
BRAF-wild-type KRAS-wild-type 
cancer   

 

 N 373 236  
 Age-adjusted HR (95% CI) 1 [referent] 0.74 (0.62-0.87)  
 Multivariable HR (95% CI)c 1 [referent] 0.73 (0.62-0.86)  

 
BRAF-wild-type KRAS-mutated  
cancer    

 N 262 169  
 Age-adjusted HR (95% CI) 1 [referent] 0.73 (0.60-0.88)  
 Multivariable HR (95% CI)c 1 [referent] 0.73 (0.60-0.89)  

 
BRAF-mutated KRAS-wild-type  
cancer    

 N 92 84  
 Age-adjusted HR (95% CI) 1 [referent] 1.05 (0.78-1.41)  
 Multivariable HR (95% CI)c 1 [referent] 1.04 (0.77-1.41)  

 
BRAF-mutated KRAS-mutated  
cancer    

 N 4 2  
 Age-adjusted HR (95% CI) 1 [referent] 0.58 (0.11-3.23)  
 Multivariable HR (95% CI)c 1 [referent] 0.61 (0.11-3.36)   
CI, confidence interval; HR, hazard ratio; N, number of cases. 
a In the NHS, regular aspirin use was defined as the consumption of at least two 325 mg tablets per week and non-use 
was defined as consumption of fewer than two tablets per week.  In the HPFS, regular aspirin use was defined as the 
consumption of aspirin at least two times per week and non-use was defined as the consumption of aspirin fewer than two 
times per week. 
b P for heterogeneity tests for the heterogeneity of the association of regular aspirin use with colorectal cancer defined by 
molecular subtype (i.e., the association for at least one subtype is significantly different from the association for at least 
one of the others). 
c Multivariable HR was further adjusted for body mass index (<25 vs. 25-30 vs. ≥30 kg/m2), smoking status (never vs. 
former vs. current), family history of colorectal cancer in any first-degree relative, endoscopy status (no endoscopy vs. 
history of adenomatous polyps vs. negative endoscopy), history of diabetes, history of cardiovascular disease, physical 
activity level  [quintiles of mean metabolic equivalent (MET) task hours per week], red meat intake (quintiles of 
servings/day), total calorie intake (quintiles of kcal/day), alcohol consumption (0 or quartiles of g/day), folate intake 
(quintiles of μg/day), calcium intake (quintiles of mg/day), and current multivitamin use. 
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eTable 4.  Post-diagnosis aspirin usea and colorectal cancer mortality in strata of BRAF mutation status and combined BRAF / PIK3CA mutation status 
   Colorectal cancer-specific mortality  Overall mortality 
Tumor molecular 
status 

Post-diagnosis 
regular aspirin usea 

Total 
No. 

No. of 
events 

Univariate HR
 (95% CI) 

Multivariable HR 
(95% CI)b 

 
No. of 
events 

Univariate HR
 (95% CI) 

Multivariable HR  
(95% CI)b 

Non-user 483 114 1 [referent] 1 [referent]  232 1 [referent] 1 [referent] 
BRAF-wild-type 

User 342 65 
0.88 

(0.59-1.09) 
0.77 

(0.57-1.05) 
 155 

0.97 
(0.79-1.18) 

0.87 
(0.71-1.08) 

         
Non-user 75 13 1 [referent] 1 [referent]  33 1 [referent] 1 [referent] 

BRAF-mutated 
User 55 6 

0.60 
(0.23-1.58) 

0.72 
(0.27-1.92) 

 22 
0.83 

(0.49-1.43) 
0.91 

(0.53-1.58) 
P for interaction (aspirin use and BRAF status)  0.58 0.90   0.62 0.91 
          

Non-users 342 79 1 [referent] 1 [referent]  167 1 [referent] 1 [referent] 
BRAF-wild-type 
   PIK3CA-wild-type User 236 54 

1.02 
(0.72-1.44) 

0.90 
(0.63-1.28) 

 119 
1.09 

(0.86-1.38) 
0.96 

(0.75-1.22) 
          

Non-users 69 21 1 [referent] 1 [referent]  37 1 [referent] 1 [referent] 
BRAF-wild-type 
   PIK3CA-mutated User 37 2 

0.15 
(0.04-0.64) 

0.26 
(0.06-1.14) 

 12 
0.49 

(0.26-0.94) 
0.55 

(0.28-1.05) 
          

Non-users 50 6 1 [referent] 1 [referent]  23 1 [referent] 1 [referent] 
BRAF-mutated 
   PIK3CA-wild-type User 36 5 

1.18 
(0.36-3.88) 

1.26 
(0.38-4.17) 

 16 
0.99 

(0.52-1.87) 
1.02 

(0.53-1.95) 
          

Non-users 10 2 1 [referent] 1 [referent]  4 1 [referent] 1 [referent] 
BRAF-mutated 
   PIK3CA-mutated User 9 0 - -  2 

0.37 
(0.07-2.04) 

0.61 
(0.11-3.34) 

CI, confidence interval; HR, hazard ratio. 
a Aspirin use was defined as regular use of aspirin during most weeks, whereas non-use of aspirin was defined as no regular use of aspirin during 
most weeks.  
b The multivariable, stage-stratified Cox regression model initially included age, sex, year of diagnosis, time from diagnosis to first measurement of 
post-diagnosis aspirin use (months), regular aspirin use before diagnosis, tumor location, tumor differentiation, body mass index, microsatellite 
instability, CpG island methylator phenotype, KRAS mutation, PIK3CA mutation (only in the analysis of BRAF mutation), LINE-1 methylation, and 
PTGS2 expression.  A backward elimination with a threshold of P=0.05 was used to select variables in the final models.   
 


