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eAppendix 
 
 
CTNNB1 immunohistochemistry 

Cytoplasmic, nuclear and membrane CTNNB1 expressions were recorded separately as either no expression, weak expression, or moderate/strong 
expression.  Considering that CTNNB1 alterations are inversely associated with CIMP-high independent of MSI status,1 we used CIMP-high frequency data to 
determine cutoffs for CTNNB1 alterations.  We randomly selected 473 tumors as a training set, leaving the remaining 482 as a validation set.  Using the training set, 
the frequency of CIMP-high was as follows: 31% (38/124) in tumors with no cytoplasmic expression, 21% (24/116) in tumors with weak cytoplasmic expression, 
and 5.7% (12/209) in tumors with moderate/strong cytoplasmic expression; 29% (43/147) in tumors with no nuclear expression, 20% (15/90) in tumors with weak 
nuclear expression, and 7.5% (16/212) in tumors with moderate/strong nuclear expression; 9.7% (9/93) in tumors with no membrane expression, 7.4% (10/136) in 
tumors with weak membrane expression, and 25% (55/220) in tumors with moderate/strong membrane expression.  Thus, cytoplasmic and nuclear CTNNB1 
positivity was defined as the presence of moderate/strong expression, and loss of membrane CTNNB1 as no or weak membrane expression.  In the validation set, 
cytoplasmic and nuclear CTNNB1 positivity, and loss of membrane CTNNB1 were inversely associated with CIMP-high [for cytoplasmic positivity, univariate odds 
ratio (OR)=0.17, 95% confidence interval (CI)=0.091-0.34, p<0.0001; for nuclear positivity, univariate OR=0.17, 95% CI=0.082-0.33, p<0.0001; for membrane loss, 
univariate OR=0.25, 95% 0.14-0.46, 95% CI= p<0.0001], confirming the validity of the cutoffs for CTNNB1 alterations.  

 
Interobserver agreement study in immunohistochemistry 

Each immunohistochemical marker was interpreted by one of the investigators (CTNNB1 by T.M.; TP53 by S.O.) unaware of other data.  For agreement 
studies, a random selection of more than 100 cases was examined for each marker by a second observer (CTNNB1 by S.O.; TP53 by K.N.) unaware of other data.  
The concordance between the two observers (all p<0.0001) was 0.90 for nuclear CTNNB1 (κ=0.80; N=292), 0.78 for cytoplasmic CTNNB1 (κ=0.54; N=292), 0.86 
for membrane CTNNB1 (κ=0.72; N=292), and 0.87 for TP53 (κ=0.75; N=108), indicating good to substantial agreement. 
 
Missing data handling 

For cases with missing information in any of the covariates [BMI (0.4% missing), tumor location (0.4%), tumor differentiation (0.7%), MSI (5.1%), CIMP 
(4.3%), KRAS (3.7%), BRAF (3.9%), PIK3CA (13%), and TP53 (0.4%)], we included those cases in a majority category of a given covariate (see Table 1) to avoid 
overfitting.  We confirmed that excluding cases with missing information in any of the covariates did not substantially alter results.  When we used complete datasets 
without missing data in any covariates, adjusted HR of cytoplasmic CTNNB1 positivity (vs. negativity) was 0.80 (95% CI, 0.61-1.07) for cancer-specific survival, 
and 0.98 (95% CI, 0.79-1.22) for overall survival; adjusted HR of nuclear CTNNB1 positivity (vs. negativity) was 0.83 (95% CI, 0.62-1.11) for cancer-specific 
survival, and 0.91 (95% CI, 0.73-1.14) for overall survival; adjusted HR of membrane CTNNB1 loss (vs. intact) was 1.08 (95% CI, 0.81-1.44) for cancer-specific 
survival, and 1.10 (95% CI, 0.88-1.36) for overall survival.    
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eTable 1.  Colorectal cancer patient mortality according to cytoplasmic CTNNB1 (β-catenin) status and pre-diagnosis body mass index 
(BMI) 
 

  Pre-diagnosis BMI <30 kg/m2  Pre-diagnosis BMI ≥30 kg/m2  
P for 
interaction  

  
Cytoplasmic 
CTNNB1 (-) 

Cytoplasmic 
CTNNB1 (+)  Cytoplasmic 

CTNNB1 (-) 
Cytoplasmic 
CTNNB1 (+)   

Colorectal cancer-specific mortality        
 No. of events/No. at risk 115/395 105/377  28/103 15/76   
 Five-year survival 0.75 0.77  0.79 0.83   
 Age-adjusted incidence rate 0.033 0.032  0.043 0.035   
 Univariate HR (95% CI) 1 (referent) 0.94 (0.72-1.23)  1 (referent) 0.66 (0.35-1.24)  0.31 
 Stage-matched HR (95% CI) 1 (referent) 1.02 (0.78-1.33)  1 (referent) 0.42 (0.22-0.80)  0.013 
 Multivariate stage-matched HR (95% CI) 1 (referent) 0.93 (0.71-1.24)  1 (referent) 0.38 (0.20-0.74)  0.014 
         
Overall mortality        
 No. of events/No. at risk 185/395 175/377  43/103 34/76   
 Five-year survival 0.71 0.71  0.73 0.79   
 Age-adjusted incidence rate 0.055 0.056  0.062 0.071   
 Univariate HR (95% CI) 1 (referent) 0.97 (0.79-1.19)  1 (referent) 0.94 (0.60-1.48)  0.90 
 Stage-matched HR (95% CI) 1 (referent) 1.03 (0.83-1.27)  1 (referent) 0.73 (0.46-1.15)  0.18 
 Multivariate stage-matched HR (95% CI) 1 (referent) 1.06 (0.86-1.32)  1 (referent) 0.67 (0.42-1.06)  0.076 
 
The multivariate stage-matched (stratified) Cox regression model included the same set of covariates selected as in Table 2.  BMI, body mass index; CI, confidence interval; HR, hazard 
ratio. 
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eTable 2.  Colorectal cancer patient mortality according to membrane CTNNB1 (β-catenin) status and pre-diagnosis body mass index (BMI) 
 

  Pre-diagnosis BMI <30 kg/m2  Pre-diagnosis BMI ≥30 kg/m2  
P for 
interaction  

  
Membrane 

CTNNB1 intact 
Membrane 

CTNNB1 loss  Membrane 
CTNNB1 intact 

Membrane 
CTNNB1 loss   

Colorectal cancer-specific mortality        
 No. of events/No. at risk 95/372 125/400  21/92 22/87   
 Five-year survival 0.77 0.75  0.82 0.79   
 Age-adjusted incidence rate 0.029 0.036  0.028 0.037   
 Univariate HR (95% CI) 1 (referent) 1.22 (0.94-1.60)  1 (referent) 1.08 (0.59-1.96)  0.70 
 Stage-matched HR (95% CI) 1 (referent) 1.27 (0.97-1.67)  1 (referent) 0.59 (0.32-1.09)  0.025 
 Multivariate stage-matched HR (95% CI) 1 (referent) 1.25 (0.94-1.67)  1 (referent) 0.62 (0.33-1.16)  0.043 
         
Overall mortality        
 No. of events/No. at risk 164/372 196/400  38/92 39/87   
 Five-year survival 0.71 0.71  0.76 0.75   
 Age-adjusted incidence rate 0.051 0.059  0.050 0.063   
 Univariate HR (95% CI) 1 (referent) 1.11 (0.90-1.36)  1 (referent) 1.00 (0.64-1.56)  0.69 
 Stage-matched HR (95% CI) 1 (referent) 1.15 (0.93-1.42)  1 (referent) 0.69 (0.44-1.09)  0.048 
 Multivariate stage-matched HR (95% CI) 1 (referent) 1.19 (0.96-1.47)  1 (referent) 0.75 (0.47-1.19)  0.073 
 
The multivariate stage-matched (stratified) Cox regression model included the same set of covariates selected as in Table 2.  BMI, body mass index; CI, confidence interval; HR, hazard 
ratio. 
 
 
 


