
Supplementary Method 1. ICD-10 diagnostic codes to deter-
mine the variables

Body systems Organs ICD-10 codes
Oral cavity, lip, pharynx C00-14
Digestive C15-26

Stomach C16
Colorectal C18-19
Liver or intrahepatic C22

Respiratory and intrathoracic C30-39
Lung C34

Female genital C51-58
Cervical cancer C53
Uterus & ovary C54-56

Male genital C60-63
Testis C62
Prostate C61

Urinary tract C64-68
Kidney C64
Urinary tract C65-68

Hematopoietic C81-96
Non-Hodgkin lymphoma C82-86
Hodgkin lymphoma C81
Multiple myeloma C92
Leukemia C91-95

Other  
Thyroid C73
Breast C50

Kidney disease codes: N03, N052, N053, N054, N055, N056, N072, N073, 
N074, N01, N18, N19, N25.
Cancer codes: Specific insurance codes that were issued by the National Health 
Insurance Service of Korea (V193) were reviewed to identify the confirmed 
malignancies. When the ICD-10 diagnostic codes were concomitantly applied for 
a patient multiple times, the patient was determined to have the corresponding 
site-specific cancer.



Supplementary Table 1. Baseline characteristics according to chronic kidney disease stages

Characteristic
Stage 1 

(n = 41,108)
Stage 2

(n = 59,403)
Stage 3

(n = 359,224)
Stage 4 or 5 without 

RRT (n = 12,023)
P value

Matched variable
   Age (yr) 46 (37-55) 54 (44-62) 66 (60-72) 66 (56-72) < 0.001
      < 60 34,616 (84.2) 39,769 (66.9) 79,749 (22.2) 3,811 (31.7) < 0.001
      ≥ 60 6,492 (15.8) 19,634 (33.1) 279,475 (77.8) 8,212 (68.3) < 0.001
   Sex, male 12,823 (31.2) 19,050 (32.1) 204,605 (57.0) 6,659 (55.4) < 0.001
   Smoking history < 0.001
      Non-smoker 19,130 (46.5) 29,852 (50.3) 256,785 (71.5) 8,520 (70.9)
      Ex-smoker 7,562 (18.4) 13,105 (22.1) 58,351 (16.2) 1,999 (16.6)
      Current-smoker 14,416 (35.1) 16,446 (27.7) 44,088 (12.3) 1,504 (12.5)
   Low income status 8,065 (19.6) 12,453 (21.0) 81,301 (22.6) 2,871 (23.9) < 0.001
Unmatched variables
   Height (cm) 167 (160-173) 165 (159-171) 158 (152-165) 158 (151-165) < 0.001
   Weight (kg) 71 (61-81) 68 (60-76) 61 (54-68) 59 (51-67) < 0.001
   Body mass index (kg/m2) 25.6 (22.9-28.4) 25.0 (22.8-27.3) 24.2 (22.3-26.3) 23.5 (21.3-25.8) < 0.001
   Serum Cr (mg/dL) 0.8 (0.7-0.9) 1.0 (0.9-1.1) 1.2 (1.0-1.4) 2.4 (1.9-3) < 0.001
   eGFR (mL/min/1.73 m2) 104 (95-117) 75 (68-81) 52 (46-57) 24 (19-27) < 0.001
   Hypertension 20,668 (50.3) 35,853 (60.4) 238,053 (66.3) 10,359 (86.2) < 0.001
   Diabetes mellitus 14,584 (35.5) 22,204 (37.4) 102,121 (28.4) 4,792 (39.9) < 0.001

Data are presented as median (interquartile range) or number (%). 
Cr, creatinine; eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy.



Supplementary Table 2. Cancer risk in the pre-dialysis chronic kidney disease population compared to that in the matched 
control group

Neoplasm
Univariable

Multivariable 
Model 1 Model 2

HR (95% CI) P Adjusted HR (95% CI)a P Adjusted HR (95% CI)b P
All neoplasms 1.031 (1.012-1.050) 0.001 1.033 (1.014-1.052) < 0.001 1.009 (0.989-1.028) 0.3838
Oral cavity, lip, pharynx 0.980 (0.816-1.177) 0.829 0.983 (0.819-1.180) 0.852 0.964 (0.797-1.165) 0.704
Digestive 0.936 (0.911-0.961) < 0.001 0.938 (0.912-0.963) < 0.001 0.891 (0.866-0.917) < 0.001
   Stomach 0.856 (0.820-0.894) < 0.001 0.858 (0.821-0.896) < 0.001 0.834 (0.798-0.873) < 0.001
   Colorectal 0.988 (0.938-1.040) 0.641 0.989 (0.940-1.042) 0.686 0.931 (0.883-0.982) 0.009
   Liver or intrahepatic 1.013 (0.941-1.091) 0.726 1.017 (0.944-1.095) 0.663 0.898 (0.831-0.971) 0.007
Respiratory and intrathoracic 1.014 (0.959-1.071) 0.634 1.016 (0.962-1.074) 0.566 0.969 (0.915-1.027) 0.289
   Lung 1.021 (0.963-1.082) 0.491 1.023 (0.966-1.084) 0.437 0.972 (0.915-1.032) 0.351
Female genital 1.007 (0.905-1.121) 0.896 1.005 (0.902-1.118) 0.932 1.007 (0.902-1.125) 0.900
   Cervical cancer 1.136 (0.965-1.336) 0.125 1.134 (0.964-1.334) 0.130 1.150 (0.974-1.359) 0.100
   Uterus & ovary 0.919 (0.794-1.063) 0.256 0.916 (0.792-1.060) 0.239 0.910 (0.783-1.057) 0.218
Male genital 1.035 (0.976-1.097) 0.257 1.041 (0.982-1.104) 0.178 1.055 (0.993-1.121) 0.086
   Testis 1.610 (0.731-3.548) 0.238 1.616 (0.733-3.561) 0.234 2.317 (1.028-5.227) 0.043
   Prostate 1.039 (0.980-1.103) 0.198 1.046 (0.986-1.110) 0.134 1.058 (0.995-1.125) 0.072
Urinary system 2.037 (1.891-2.194) < 0.001 2.042 (1.896-2.200) < 0.001 1.969 (1.823-2.126) < 0.001
   Kidney 2.525 (2.217-2.876) < 0.001 2.529 (2.221-2.881) < 0.001 2.411 (2.108-2.757) < 0.001
   Other urinary tract 1.818 (1.661-1.990) < 0.001 1.823 (1.665-1.996) < 0.001 1.750 (1.593-1.922) < 0.001
Hematopoietic 1.463 (1.331-1.608) < 0.001 1.466 (1.333-1.611) < 0.001 1.525 (1.383-1.681) < 0.001
   Non-Hodgkin lymphoma 1.075 (0.931-1.241) 0.324 1.077 (0.933-1.243) 0.311 1.110 (0.957-1.287) 0.169
   Hodgkin lymphoma 2.128 (0.963-4.704) 0.062 2.135 (0.966-4.718) 0.061 1.961 (0.867-4.438) 0.106
   Multiple myeloma 1.468 (1.149-1.875) 0.002 1.471 (1.151-1.879) 0.002 1.497 (1.162-1.928) 0.002
   Leukemia 1.402 (1.159-1.695) 0.001 1.405 (1.162-1.700) < 0.001 1.434 (1.179-1.746) < 0.001
Thyroid 0.904 (0.850-0.962) 0.001 0.903 (0.849-0.960) 0.001 0.877 (0.823-0.934) < 0.001
Breast 1.051 (0.966-1.143) 0.246 1.048 (0.964-1.140) 0.272 1.056 (0.968-1.151) 0.218
HR, hazard ratio; 95% CI, 95% confidence interval.
aHRs and 95% CIs were obtained using a multivariable model that was adjusted for the matched variables (age, sex, low-income status and history of smoking). 
bHRs and 95% CIs were obtained using the fully-adjusted model that included the matched variables (age, sex, low-income status, and smoking history) and 
unmatched characteristics (history of hypertension, diabetes mellitus and body mass index). 



Supplementary Table 3. Cancer incidences according to chronic kidney disease stage

Neoplasm

Stage 1 
(n = 41,108)

Stage 2
(n = 59,403)

Stage 3
(n = 359,224)

Stage 4/5 without RRT
(n = 12,023)

Event (n)
Incidence rate 
(/100,000 PY)

Event (n)
Incidence rate 
(/100,000 PY)

Event (n)
Incidence rate 
(/100,000 PY)

Event (n)
Incidence rate 
(/100,000 PY)

All neoplasms 1,120 641.64 2,248 898.48 19,099 1,079.86 504 851.66
Oral cavity, lip, pharynx 10 5.73 25 9.99 189 10.69 3 5.07
Digestive 497 284.73 1,049 419.26 8,256 466.80 226 381.90
   Stomach 170 97.39 375 149.88 3,139 177.48 83 140.25
   Colorectal 117 67.03 291 116.31 2,388 135.02 68 114.91
   Liver or intrahepatic 87 49.84 198 79.14 1,082 61.18 30 50.69
Respiratory and intrathoracic 85 48.70 228 91.13 2,144 121.22 54 91.25
   Lung 77 44.11 212 84.73 1,958 110.71 48 81.11
Female genital 30 17.19 48 19.19 574 32.45 16 27.04
   Cervical cancer 15 8.59 20 7.99 268 15.15 7 11.83
   Uterus & ovary 15 8.59 26 10.39 297 16.79 7 11.83
Male genital 58 33.23 176 70.34 1,983 112.12 43 72.66
   Testis 1 0.57 2 0.80 12 0.68 1 1.69
   Prostate 57 32.66 175 69.94 1,968 111.27 42 70.97
Urinary tract 84 48.12 198 79.14 1,781 100.70 45 76.04
   Kidney 40 22.92 64 25.58 674 38.11 19 32.11
   Other urinary tract 44 25.21 134 53.56 1,112 62.87 27 45.63
Hematopoietic 76 43.54 135 53.96 808 45.69 32 54.07
   Non-Hodgkin lymphoma 22 12.60 41 16.39 318 17.98 5 8.45
   Hodgkin lymphoma 2 1.15 1 0.40 16 0.90 0 0
   Multiple myeloma 15 8.59 14 5.60 124 7.01 4 6.76
   Leukemia 18 10.31 26 10.39 206 11.65 4 6.76
Thyroid 182 104.27 233 93.13 1,488 84.13 32 54.07
Breast 51 29.22 81 32.37 957 54.11 27 45.63

PY, person-year; RRT, renal replacement therapy. 
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