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Table S1.  Statistical methods for survival analyses 
Statistical test or model Use 

Kaplan-Meier analysis, log rank 
test 

To visualize cumulative survival probabilities according to myeloid cell densities and 
compare the differences between categories 

Univariable Cox proportional 
hazards regression A,B,C 

To estimate hazard ratios for cancer specific survival and overall survival according to 
myeloid cell density categories 

Multivariable Cox proportional 
hazards regression A,B,C,D 

To estimate hazard ratios for cancer specific survival and overall survival according to 
myeloid cell density categories, adjusting for potential confounders 

A The Schoenfeld residual plots supported the proportionality of hazards during most of the follow-up 
period up to 10 years (data not shown), and thus, we used Cox regression models limiting the follow-up 
period to 10 years.  
B The inverse probability weighting (IPW) method was applied to reduce the potential bias due to the 
availability of tumor tissue.1  Using the multivariable logistic regression model for the entire dataset of 
colorectal cancer cases (regardless of available tissue), we estimated the probability of the availability of 
tumor tissue.  Each patient with complete data was weighted by the inverse probability.  Weights greater 
than the 95th percentile were truncated and set to the value of the 95th percentile to reduce outlier 
effects.  We confirmed that results without weight truncation did not change substantially (data not 
shown).  The Cox regression analyses without IPW yielded similar results to the IPW-adjusted model 
(data not shown).  
C To assess the statistical interaction between myeloid cell densities (low vs. high) and MSI status (high 
vs. non-high) in relation to cancer-specific survival, a Wald test for the cross product of the myeloid cell 
density (high vs. low) and MSI status (high vs. non-high) was performed in the IPW-adjusted Cox 
regression model.  We estimated HR for colorectal cancer mortality comparing binarized low and high 
myeloid cell density in the two strata of MSI status using re-parameterization of the interaction term in a 
single regression model.2 
D Covariates assessed as potential confounders included sex (female vs. male), age at diagnosis 
(continuous), year of diagnosis (continuous), family history of colorectal cancer in any first-degree relative 
(present vs. absent), tumor location (proximal colon vs. distal colon vs. rectum), tumor differentiation (well 
to moderate vs. poor), disease stage (I/II vs. III/IV), MSI status (MSI-high vs. non-MSI-high), CIMP status 
(high vs. low/negative), LINE-1 methylation level (continuous), KRAS mutation (mutant vs. wild-type), 
BRAF mutation (mutant vs. wild-type), and PIK3CA mutation (mutant vs. wild-type).  A backward 
elimination was conducted with a threshold P of 0.05 to select variables for the final models. Cases with 
the following missing data (% missing) were included in the majority category of a given categorical 
covariate to limit the degrees of freedom: family history of colorectal cancer in a first-degree relative 
(0.4%), tumor location (0.4%), tumor differentiation (0.1%), disease stage (6.8%), MSI (2.6%), CIMP 
(7.5%), KRAS (3.0%), BRAF (2.2%), and PIK3CA (8.7%).  For the cases with missing data on LINE-1 
methylation (3.0%), we assigned a separate indicator variable.  We confirmed that excluding the cases 
with missing information in any of the covariates did not substantially alter results (data not shown).
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Table S2.  Densities of CD14+ cells classified according to HLA-DR expression in tumor intraepithelial 
and stromal regions and colorectal cancer-specific survival with inverse probability weighting (IPW) 
 Tumor intraepithelial region  Tumor stromal region 

 
CD14+HLA-DR+  

cell density  
 CD14+HLA-DR-  

cell density 
 CD14+HLA-DR+  

cell density  
 CD14+HLA-DR-  

cell density 

 
Multivariable  

OR (95% CI)*,† 
 Multivariable  

OR (95% CI)*,† 
 Multivariable  

OR (95% CI)*,† 
 Multivariable  

OR (95% CI)*,† 

Myeloid cell density        
   Q1 1 (referent)  1 (referent)  1 (referent)  1 (referent) 
   Q2 0.90 (0.66-1.23)  1.00 (0.67-1.49)  0.77 (0.56-1.06)  1.01 (0.69-1.48) 
   Q3 0.64 (0.45-0.93)  1.42 (0.97-2.09)  0.52 (0.36-0.75)  1.33 (0.92-1.91) 
   Q4 0.48 (0.31-0.76)  1.78 (1.25-2.55)  0.42 (0.29-0.63)  1.24 (0.86-1.78) 
        
Age (per 10-year 
increase) 

1.30 (1.10-1.54) 
 

1.26 (1.07-1.50) 
 

1.29 (1.10-1.53) 
 

1.26 (1.07-1.50) 

        
Year of diagnosis (per 
5-year increase) 

0.78 (0.68-0.88) 
 

0.77 (0.68-0.88) 
 

0.80 (0.70-0.91) 
 

0.78 (0.68-0.89) 

        
Tumor differentiation        
   Well to moderate 1 (referent)  1 (referent)  1 (referent)  1 (referent) 
   Poor 2.80 (1.85-4.25)  2.32 (1.57-3.43)  2.54 (1.72-3.75)  2.43 (1.61-3.68) 
        
AJCC disease stage        
   I-II 1 (referent)  1 (referent)  1 (referent)  1 (referent) 
   III-IV 5.85 (4.27-8.01)  5.66 (4.10-7.73)  5.64 (4.12-7.72)  5.89 (4.30-8.07) 
        
MSI status        
   Non-MSI-high 1 (referent)  1 (referent)  1 (referent)  1 (referent) 
   MSI-high 0.30 (0.15-0.59)  0.25 (0.13-0.47)  0.28 (0.15-0.54)  0.26 (0.13-0.50) 
        
LINE-1 methylation 
level (per 30% 
decrease) 

1.56 (1.04-2.34)  1.65 (1.08-2.51)  1.64 (1.09-2.45)  1.60 (1.06-2.43) 

        
BRAF mutation        
   Wild-type 1 (referent)  1 (referent)  1 (referent)  1 (referent) 
   Mutant 2.12 (1.39-3.24)  1.90 (1.24-2.92)  1.98 (1.27-3.09)  1.97 (1.27-3.07) 

* IPW was applied to reduce bias due to the availability of tumor tissue after cancer diagnosis (see 
“Statistical Analysis” subsection for details).   
† The multivariable Cox regression model initially included sex, age, year of diagnosis, family history of 
colorectal cancer, tumor location, tumor differentiation, disease stage, microsatellite instability, CpG island 
methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and long-interspersed nucleotide element-1 
methylation level.  A backward elimination with a threshold P of 0.05 was used to select variables for the 
final models.   
Abbreviations: AJCC, American Joint Committee on Cancer; CI, confidence interval; HR, hazard ratio; 

IPW, inverse probability weighting, LINE-1, long-interspersed nucleotide element-1; MSI, microsatellite 

instability. 
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Table S3.  Densities of CD14+ cells classified according to HLA-DR expression in tumor intraepithelial 
and stromal regions and patient survival in strata of MSI status with inverse probability weighting (IPW). 

  Tumor intraepithelial region   Stromal region 

  Colorectal cancer-specific survival   Colorectal cancer-specific survival 

 
No. of 
cases 

No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

 
No. of 
cases 

No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

Non-MSI-high          
CD14+ cell density          
   Low  413 146 1 (referent) 1 (referent)  384 162 1 (referent) 1 (referent) 
   High 322 108 0.99 (0.75-1.30) 0.87 (0.65-1.17)  351 92 0.57 (0.43-0.76) 0.60 (0.45-0.80) 
MSI-high          
CD14+ cell density          
   Low  31 4 1 (referent) 1 (referent)  60 13 1 (referent) 1 (referent) 
   High 123 17 0.95 (0.30-3.00) 0.70 (0.23-2.19)  94 8 0.27 (0.10-0.72) 0.24 (0.08-0. 69) 
Pinteraction

‡   0.94 0.71    0.15 0.098 

Non-MSI-high          
CD14+HLA-DR+ cell 
density 

   
 

    
 

   Low 409 157 1 (referent) 1 (referent)  379 167 1 (referent) 1 (referent) 
   High 326 97 0.70 (0.53-0.92) 0.65 (0.49-0.88)  356 87 0.49 (0.37-0.65) 0.55 (0.41-0.74) 
MSI-high          
CD14+HLA-DR+ density          
   Low 36 9 1 (referent) 1 (referent)  65 14 1 (referent) 1 (referent) 
   High 118 12 0.27 (0.11-0.69) 0.23 (0.09-0.60)  89 7 0.23 (0.09-0.62) 0.22 (0.08-0.64) 
Pinteraction

‡   0.057 0.042    0.15 0.11 

Non-MSI-high          
CD14+HLA-DR- density          
   Low 387 108 1 (referent) 1 (referent)  373 113 1 (referent) 1 (referent) 
   High 348 146 1.84 (1.40-2.42) 1.54 (1.17-2.03)  362 141 1.38 (1.05-1.81) 1.33 (1.02-1.75) 
MSI-high          
CD14+HLA-DR- density          
   Low 58 4 1 (referent) 1 (referent)  72 8 1 (referent) 1 (referent) 
   High 96 17 3.53 (1.00-12.50) 3.29 (0.86-12.64)  82 13 1.26 (0.48-3.30) 1.12 (0.41-3.02) 
Pinteraction

‡   0.32 0.28    0.85 0.74 

* IPW was applied to reduce bias due to the availability of tumor tissue after cancer diagnosis (see 
“Statistical Analysis” subsection for details).   
† The multivariable Cox regression model initially included sex, age, year of diagnosis, family history of 
colorectal cancer, tumor location, tumor differentiation, disease stage, microsatellite instability, CpG island 
methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and long-interspersed nucleotide element-1 
methylation level.  A backward elimination with a threshold P of 0.05 was used to select variables for the 
final models.   
‡ The Pinteraction value (two-sided) was calculated using the Wald test for the cross product of each myeloid 
cell density (high vs. low) and MSI status (high vs. non-high) in the IPW-adjusted Cox regression model.   
Abbreviations: CI, confidence interval; HR, hazard ratio; IPW, inverse probability weighting.  

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002297:e002297. 9 2021;J Immunother Cancer, et al. Väyrynen JP



Väyrynen JP, et al. Myeloid cells in colorectal cancer. Supplementary online material. Page 4 

Table S4.  Densities of CD14+ cells and CD15+ cells classified according to CD33 expression in tumor 
intraepithelial and stromal regions and patient survival with inverse probability weighting (IPW)   

  Colorectal cancer-specific survival  Overall survival 

 
No. of 
cases 

No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

 
No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

Tumor intraepithelial region         
CD14+CD33+ cell density         
   Q1 607 200 1 (referent) 1 (referent)  413 1 (referent) 1 (referent) 
   Q2 101 29 1.06 (0.69-1.61) 1.18 (0.79-1.77)  69 1.14 (0.81-1.59) 1.18 (0.84-1.66) 
   Q3 103 25 0.69 (0.44-1.08) 0.61 (0.38-0.98)  67 0.88 (0.63-1.22) 0.75 (0.53-1.08) 
   Q4 102 29 0.73 (0.48-1.11) 0.86 (0.56-1.32)  64 0.85 (0.62-1.18) 0.90 (0.64-1.28) 
   Ptrend

‡   0.056 0.13   0.31 0.26 
CD14+CD33- cell density         
   Q1 228 89 1 (referent) 1 (referent)  157 1 (referent) 1 (referent) 
   Q2 228 64 0.67 (0.47-0.94) 0.78 (0.55-1.09)  154 0.91 (0.68-1.21) 1.01 (0.77-1.34) 
   Q3 229 64 0.72 (0.51-1.02) 0.73 (0.50-1.05)  151 0.80 (0.59-1.07) 0.78 (0.57-1.06) 
   Q4 228 66 0.72 (0.51-1.02) 0.81 (0.54-1.19)  151 0.88 (0.66-1.18) 0.90 (0.64-1.27) 
   Ptrend

‡   0.091 0.20   0.27 0.26 
CD15+CD33+ cell density         
   Q1 637 209 1 (referent) 1 (referent)  440 1 (referent) 1 (referent) 
   Q2 91 21 0.64 (0.39-1.05) 0.74 (0.43-1.28)  55 0.80 (0.55-1.16) 0.89 (0.58-1.37) 
   Q3 93 30 1.04 (0.68-1.59) 1.02 (0.66-1.59)  64 1.10 (0.78-1.55) 1.06 (0.74-1.53) 
   Q4 92 23 0.72 (0.44-1.16) 0.63 (0.37-1.06)  54 0.71 (0.47-1.06) 0.65 (0.43-1.00) 
   Ptrend

‡   0.21 0.13   0.19 0.12 
CD15+CD33- cell density         
   Q1 228 87 1 (referent) 1 (referent)  156 1 (referent) 1 (referent) 
   Q2 228 67 0.75 (0.53-1.06) 0.93 (0.67-1.30)  155 0.93 (0.70-1.25) 0.98 (0.74-1.30) 
   Q3 229 74 0.79 (0.56-1.11) 0.87 (0.61-1.24)  162 0.97 (0.72-1.29) 0.95 (0.70-1.30) 
   Q4 228 55 0.57 (0.39-0.82) 0.63 (0.42-0.93)  140 0.80 (0.59-1.08) 0.78 (0.57-1.07) 
   Ptrend

‡   0.0055 0.023   0.19 0.14 

Tumor stromal region         
CD14+CD33+ cell density         
   Q1 228 81 1 (referent) 1 (referent)  164 1 (referent) 1 (referent) 
   Q2 228 73 1.03 (0.73-1.47) 1.07 (0.76-1.52)  154 1.09 (0.81-1.46) 1.08 (0.80-1.47) 
   Q3 229 79 1.05 (0.75-1.47) 1.13 (0.80-1.60)  149 1.02 (0.76-1.37) 1.04 (0.77-1.41) 
   Q4 228 50 0.55 (0.38-0.82) 0.66 (0.44-0.99)  146 0.77 (0.57-1.03) 0.79 (0.58-1.09) 
   Ptrend

‡   0.0069 0.12   0.077 0.17 
CD14+CD33- cell density         
   Q1 228 95 1 (referent) 1 (referent)  169 1 (referent) 1 (referent) 
   Q2 228 84 0.84 (0.61-1.16) 1.04 (0.76-1.41)  155 0.88 (0.67-1.17) 1.01 (0.77-1.33) 
   Q3 229 57 0.58 (0.40-0.83) 0.69 (0.48-0.99)  147 0.73 (0.54-0.98) 0.80 (0.59-1.08) 
   Q4 228 47 0.39 (0.27-0.57) 0.48 (0.33-0.71)  142 0.57 (0.43-0.76) 0.56 (0.41-0.75) 
   Ptrend

‡   < 0.0001 < 0.0001   < 0.0001 < 0.0001 
CD15+CD33+ cell density         
   Q1 437 150 1 (referent) 1 (referent)  304 1 (referent) 1 (referent) 
   Q2 159 55 1.02 (0.73-1.42) 1.01 (0.73-1.41)  112 1.01 (0.76-1.33) 1.05 (0.79-1.40) 
   Q3 158 41 0.77 (0.54-1.12) 0.80 (0.54-1.18)  100 0.87 (0.65-1.16) 0.86 (0.64-1.17) 
   Q4 159 37 0.71 (0.47-1.06) 0.66 (0.43-1.02)  97 0.71 (0.51-0.98) 0.71 (0.50-1.01) 
   Ptrend

‡   0.048 0.040   0.033 0.045 
CD15+CD33- cell density         
   Q1 228 92 1 (referent) 1 (referent)  160 1 (referent) 1 (referent) 
   Q2 228 72 0.69 (0.50-0.96) 0.72 (0.52-0.99)  162 0.80 (0.61-1.07) 0.78 (0.59-1.03) 
   Q3 229 69 0.55 (0.39-0.77) 0.67 (0.47-0.96)  151 0.68 (0.51-0.92) 0.71 (0.53-0.96) 
   Q4 228 50 0.53 (0.36-0.77) 0.62 (0.42-0.91)  139 0.70 (0.52-0.94) 0.73 (0.53-1.00) 
   Ptrend

‡   0.0004 0.010   0.0099 0.035 

* IPW was applied to reduce a bias due to the availability of tumor tissue after cancer diagnosis (see 
“Statistical Analysis” subsection for details).   
† The multivariable Cox regression model initially included sex, age, year of diagnosis, family history of 
colorectal cancer, tumor location, tumor differentiation, disease stage, microsatellite instability, CpG island 
methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and long-interspersed nucleotide element-1 
methylation level.  A backward elimination with a threshold P of 0.05 was used to select variables for the 
final models.   
‡ The Ptrend value was calculated across the ordinal quartiles of each myeloid cell density within tumor 
epithelial and stromal regions in the IPW-adjusted Cox regression model.   
Abbreviations: CI, confidence interval; HR, hazard ratio; IPW, inverse probability weighting.   
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Table S5.  Densities of CD14+ cells and CD15+ cells classified according to ARG1 expression in tumor 
intraepithelial and stromal regions and patient survival with inverse probability weighting (IPW) 

  Colorectal cancer-specific survival  Overall survival 

 
No. of 
cases 

No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

 
No. of 
events 

Univariable 
HR (95% CI)* 

Multivariable 
HR (95% CI)*,† 

Tumor intraepithelial region         
CD14+ARG1+ cell density         
   Q1 389 141 1 (referent) 1 (referent)  267 1 (referent) 1 (referent) 
   Q2 175 50 0.83 (0.58-1.19) 0.95 (0.66-1.38)  129 1.04 (0.79-1.36) 1.11 (0.82-1.50) 
   Q3 174 53 0.77 (0.54-1.10) 0.78 (0.53-1.14)  107 0.86 (0.64-1.15) 0.93 (0.69-1.25) 
   Q4 175 39 0.63 (0.43-0.94) 0.65 (0.42-1.00)  110 0.80 (0.59-1.08) 0.76 (0.54-1.07) 
   Ptrend

‡   0.014 0.032   0.099 0.13 
CD14+ARG1- cell density         
   Q1 228 87 1 (referent) 1 (referent)  156 1 (referent) 1 (referent) 
   Q2 228 67 0.71 (0.50-1.00) 0.77 (0.55-1.08)  154 0.96 (0.72-1.27) 1.03 (0.78-1.35) 
   Q3 229 63 0.69 (0.49-0.98) 0.70 (0.48-1.01)  153 0.79 (0.59-1.06) 0.76 (0.56-1.04) 
   Q4 228 66 0.73 (0.51-1.03) 0.82 (0.56-1.22)  150 0.90 (0.67-1.20) 0.92 (0.65-1.29) 
   Ptrend

‡   0.072 0.20   0.27 0.27 
CD15+ARG1+ cell density         
   Q1 228 88 1 (referent) 1 (referent)  160 1 (referent) 1 (referent) 
   Q2 228 65 0.70 (0.49-0.99) 0.92 (0.65-1.28)  150 0.86 (0.64-1.16) 0.97 (0.73-1.30) 
   Q3 229 77 0.78 (0.56-1.09) 0.90 (0.63-1.27)  164 0.97 (0.73-1.29) 0.99 (0.73-1.33) 
   Q4 228 53 0.54 (0.37-0.79) 0.59 (0.40-0.87)  139 0.76 (0.56-1.03) 0.76 (0.55-1.05) 
   Ptrend

‡   0.0036 0.013   0.15 0.14 
CD15+ARG1- cell density         
   Q1 459 157 1 (referent) 1 (referent)  314 1 (referent) 1 (referent) 
   Q2 152 38 0.73 (0.49-1.10) 0.69 (0.45-1.05)  94 0.87 (0.64-1.19) 0.81 (0.58-1.13) 
   Q3 150 53 0.86 (0.60-1.21) 0.79 (0.55-1.14)  112 0.98 (0.74-1.30) 0.91 (0.68-1.22) 
   Q4 152 35 0.72 (0.49-1.07) 0.64 (0.43-0.95)  93 0.88 (0.65-1.18) 0.80 (0.58-1.11) 
   Ptrend

‡   0.084 0.017   0.44 0.17 

Tumor stromal region         
CD14+ARG1+ cell density         
   Q1 228 93 1 (referent) 1 (referent)  170 1 (referent) 1 (referent) 
   Q2 228 79 0.80 (0.57-1.11) 0.78 (0.56-1.08)  166 0.85 (0.64-1.12) 0.79 (0.59-1.05) 
   Q3 229 59 0.59 (0.42-0.85) 0.62 (0.43-0.90)  138 0.66 (0.49-0.89) 0.66 (0.48-0.90) 
   Q4 228 52 0.53 (0.36-0.77) 0.62 (0.43-0.91)  139 0.70 (0.52-0.93) 0.69 (0.51-0.94) 
   Ptrend

‡   0.0002 0.0060   0.0047 0.010 
CD14+ARG1- cell density         
   Q1 228 98 1 (referent) 1 (referent)  172 1 (referent) 1 (referent) 
   Q2 228 79 0.79 (0.57-1.09) 1.02 (0.74-1.40)  154 0.90 (0.67-1.17) 1.05 (0.80-1.39) 
   Q3 229 61 0.57 (0.40-0.80) 0.69 (0.48-0.98)  144 0.68 (0.51-0.92) 0.75 (0.56-1.01) 
   Q4 228 45 0.38 (0.26-0.55) 0.48 (0.32-0.71)  143 0.56 (0.42-0.74) 0.55 (0.41-0.75) 
   Ptrend

‡   < 0.0001 < 0.0001   < 0.0001 < 0.0001 
CD15+ARG1+ cell density         
   Q1 228 95 1 (referent) 1 (referent)  162 1 (referent) 1 (referent) 
   Q2 228 70 0.65 (0.46-0.90) 0.75 (0.54-1.04)  161 0.75 (0.57-1.00) 0.76 (0.57-1.01) 
   Q3 229 70 0.55 (0.39-0.77) 0.63 (0.44-0.90)  157 0.69 (0.52-0.93) 0.69 (0.51-0.94) 
   Q4 228 48 0.50 (0.34-0.73) 0.64 (0.44-0.95)  133 0.65 (0.48-0.87) 0.72 (0.53-0.98) 
   Ptrend

‡   0.0002 0.0098   0.0042 0.025 
CD15+ARG1- cell density         
   Q1 228 89 1 (referent) 1 (referent)  156 1 (referent) 1 (referent) 
   Q2 228 71 0.78 (0.55-1.10) 0.87 (0.63-1.22)  161 0.92 (0.69-1.23) 0.91 (0.68-1.22) 
   Q3 229 64 0.69 (0.49-0.99) 0.81 (0.56-1.17)  155 0.90 (0.68-1.20) 0.88 (0.66-1.19) 
   Q4 228 59 0.64 (0.45-0.93) 0.73 (0.51-1.04)  141 0.74 (0.54-1.01) 0.76 (0.56-1.05) 
   Ptrend

‡   0.014 0.074   0.061 0.097 

* IPW was applied to reduce a bias due to the availability of tumor tissue after cancer diagnosis (see 
“Statistical Analysis” subsection for details).   
† The multivariable Cox regression model initially included sex, age, year of diagnosis, family history of 
colorectal cancer, tumor location, tumor differentiation, disease stage, microsatellite instability, CpG island 
methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and long-interspersed nucleotide element-1 
methylation level.  A backward elimination with a threshold P of 0.05 was used to select variables for the 
final models.   
‡ The Ptrend value was calculated across the ordinal quartiles of each myeloid cell density within tumor 
epithelial and stromal regions in the IPW-adjusted Cox regression model.   
Abbreviations: CI, confidence interval; HR, hazard ratio; IPW, inverse probability weighting.   

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002297:e002297. 9 2021;J Immunother Cancer, et al. Väyrynen JP



Väyrynen JP, et al. Myeloid cells in colorectal cancer. Supplementary online material. Page 6 

Table S6.  Comparison of the prognostic value of spatial configuration, as assessed by the G-cross 
function, and density measurements of CD14+HLADR+ and CD14+HLADR- myeloid cells 

 
Model 1 

HR (95% CI)*,† 
 

Model 2 
HR (95% CI)*,‡ 

CD14+HLADR+ cell density    
   Q1 1 (referent)  1 (referent) 
   Q2 0.90 (0.62-1.31)  0.81 (0.56-1.17) 
   Q3 0.74 (0.48-1.14)  0.82 (0.53-1.27) 
   Q4 0.57 (0.32-1.01)  0.61 (0.35-1.06) 
   Ptrend

§ 0.044  0.11 
CD14+HLADR- cell density    
   Q1 1 (referent)  1 (referent) 
   Q2 0.95 (0.63-1.44)  1.07 (0.70-1.63) 
   Q3 1.30 (0.87-1.95)  1.31 (0.86-1.98) 
   Q4 1.54 (0.97-2.45)  1.50 (0.94-2.38) 
   Ptrend

§ 0.027  0.066 
GTumor:CD14

+
HLADR

+(20 µm) – 

GTumor:CD14
+

HLADR
-(20 µm) 

 
  

   Q1 1 (referent)  1 (referent) 
   Q2 0.80 (0.55-1.18)  0.79 (0.56-1.12) 
   Q3 0.75 (0.48-1.18)  0.75 (0.50-1.14) 
   Q4 0.49 (0.28-0.85)  0.51 (0.30-0.89) 
   Ptrend

§ 0.018  0.019 

* Inverse probability weighting was applied to reduce a bias due to the availability of tumor tissue after 
cancer diagnosis (see “Statistical Analysis” subsection for details).   
† Model 1 included ordinal categories of ‘GTumor:CD14

+
HLADR

+(20 µm) –GTumor:CD14
+

HLADR
-(20 µm)‘, 

CD14+HLADR+ cell density, and CD14+HLADR- cell density.   
‡ Model 2 initially included sex, age, year of diagnosis, family history of colorectal cancer, tumor location, 
tumor differentiation, disease stage, microsatellite instability, CpG island methylator phenotype, KRAS, 

BRAF, and PIK3CA mutations, long-interspersed nucleotide element-1 methylation level, and ordinal 
categories of ‘GTumor:CD14

+
HLADR

+(20µm) –GTumor:CD14
+

HLADR
-(20µm)‘, CD14+HLADR+ cell density, and 

CD14+HLADR- cell density.  Backward elimination with a threshold P of 0.05 was used to select variables 
for the final models.   
§ The Ptrend value was calculated across the four ordinal categories of each ‘G-cross’ spatial measurement 
or myeloid cell density in the IPW-adjusted Cox regression model.   
Abbreviations: CI, confidence interval; HR, hazard ratio; IPW, inverse probability weighting. 
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Figure S1.  Flow diagram of study population for outcome analyses. Abbreviations: HPFS, Health 

Professionals Follow-up Study; NHS, Nurses’ Health Study.    
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Figure S2.  Flowchart of the immunofluorescence procedure. Steps 5-10 were performed with a Leica 
Bond RX Research Stainer (Leica Biosystems, Buffalo, IL, USA). 
A Deparaffinization in Xylene (X3P1GAL, Fisher Scientific, Pittsburgh, PA, USA) and rehydration through 
graded alcohol series (100%×3+95%+80%) (HC-800-1GAL, Fisher Scientific). 
B With 2100-Retriever (62700-10, Electron Microscopy Sciences, Hatfiled, PA, USA) in EDTA buffer pH 
9.0 (S2367, Dako, Copenhagen, Denmark). 
C Protein Block, Serum-Free (X0909, Dako)  
D Opal Polymer HRP Ms + Rb (ARH1001EA, Akoya Biosciences, Hopkinton, MA, USA) 
E BOND Epitope Retrieval Solution 1 (AR9961, Leica Biosystems) 
F Spectral DAPI (FP1490, Akoya Biosciences) 
G FF Cover Glass (125485M, Fisher Scientific); ProLong Diamond Antifade Mountant (P36970, Thermo 
Fisher Scientific, Waltham, MA, USA) 
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Figure S3.  Comparison of staining patterns between multiplex immunofluorescence (IF) and standard 

immunohistochemistry (IHC). 
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Figure S4.  Fluorophore signal intensities across all study tissue microarrays. The boxplots represent the 

distribution of signal intensities in specific subcellular compartments (membrane: CD15, CD14, HLA-DR, 

CD33; cytoplasm: ARG1, KRT; nucleus: DAPI) across all identified cells in each tumor core. 
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Figure S5.  Core-to-core correlation of CD14+ myeloid cell densities in two randomly chosen cores of 
tumors with two or more cores measured using Spearman’s rank correlation coefficients (R). Red line 
depicts perfect concordance (slope=1). 
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Figure S6.  Core-to-core correlation of CD15+ myeloid cell densities in two randomly chosen cores of 
tumors with two or more cores measured using Spearman’s rank correlation coefficients (R). Red line 
depicts perfect concordance (slope=1). 
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Figure S7.  Myeloid cell phenotypes and their densities in tumor intraepithelial and stromal regions in the 

colorectal cancer microenvironment. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002297:e002297. 9 2021;J Immunother Cancer, et al. Väyrynen JP



Väyrynen JP, et al. Myeloid cells in colorectal cancer. Supplementary online material. Page 14 

 
 
Figure S8.  Correlograms for intraepithelial and stromal CD14+ and CD15+ myeloid cell densities and 
intraepithelial and stromal CD14+HLA-DR+ and CD14+HLA-DR- myeloid cell densities.  Numbers indicate 
Spearman’s rank correlation coefficients. 
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Figure S9.  Three example cores of spatial patterns of CD14+ and CD15+ myeloid cells within the 
colorectal cancer microenvironment. CD15+ cells were located, on average, closer to tumor cells than 
CD14+ cells. Within the CD14+ monocytic population, mature HLA-DR+ cells were located closer to tumor 
cells than HLA-DR- cells. Scale bars indicate 100 µm. 
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Figure S10.  Inverse probability weighting-adjusted Kaplan-Meier survival curves of colorectal cancer-
specific survival according to the intraepithelial (A-C) and stromal (D-F) densities of CD15+ granulocytic 
cells classified by their ARG1 expression. 
 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002297:e002297. 9 2021;J Immunother Cancer, et al. Väyrynen JP



Väyrynen JP, et al. Myeloid cells in colorectal cancer. Supplementary online material. Page 17 

 
 

Figure S11.  Relationships between clinicopathologic features and myeloid cell densities in tumor 
intraepithelial regions and tumor stroma. P values are based on the comparison of categorical data 
between the ordinal categories of myeloid cell density by the Chi-square test. Abbreviations: AJCC, 
American Joint Committee on Cancer; CIMP, CpG island methylator phenotype; MSI, microsatellite 
instability. 
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Figure S12.  Relationships between densities of CD14+HLA-DR+ cells and CD14+HLA-DR- cells and 
histologic lymphocytic reaction patterns (TIL: Tumor-infiltrating lymphocytes; PEN: Intratumoral 
periglandular lymphocytic reaction; PET: Peritumoral lymphocytic reaction; CRO: Crohn’s-like lymphoid 
reaction).  Correlation coefficients (R) and P values are for Spearman’s rank correlation test. 
  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-002297:e002297. 9 2021;J Immunother Cancer, et al. Väyrynen JP



Väyrynen JP, et al. Myeloid cells in colorectal cancer. Supplementary online material. Page 19 

 

 
 
Figure S13.  Spatial analysis of CD14+ and CD15+ myeloid immune infiltrates using the tumor:myeloid 
cell G-cross function (GTumor:Myeloid cell).  (A)-(B) Example myeloid cell infiltration patterns and corresponding 
GTumor:Myeloid cell (r) plots, estimating the probability of any tumor cell having at least one myeloid cell of the 
specified type within an r µm radius.  (C) Univariable (black) and multivariable (yellow) Cox proportional 
hazards regression models for cancer-specific survival according to GTumor:Myeloid cell(20 µm)  ordinal quartile 
categories (C1-C4).  The multivariable Cox regression models initially included sex, age, year of 
diagnosis, family history of colorectal cancer, tumor location, tumor differentiation, disease stage, 
microsatellite instability, CpG island methylator phenotype, KRAS, BRAF, and PIK3CA mutations, and 
long-interspersed nucleotide element-1 methylation level.  A backward elimination with a threshold P of 
0.05 was used to select variables for the final models. 
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