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Background: Cancer risk and epidemiology in pre-dialysis chronic kidney disease (CKD) warrant further investigation
in a large-scale cohort.

Methods: We performed a nationwide population-based study using the national health insurance database of
Korea. We screened records from 18,936,885 individuals who received a national health examination > 2 times
from 2009 to 2016. Pre-dialysis CKD was identified based on serum creatinine and dipstick albuminuria results.
Individuals with preexisting cancer history, renal replacement therapy, or transient CKD were excluded. A control
group without evidence of kidney function impairment and matched for age, sex, low-income status, and smoking
history was included. Risk of cancers, as identified in the claims database, was investigated using a multivariable Cox
regression model including matched variables and other unmatched clinical characteristics as covariates.

Results: A total of 471,758 people with pre-dialysis CKD and the same number of matched controls were included.
Urinary (adjusted hazard ratio [HR], 1.97; 95% confidence interval [95% Cl], 1.82—2.13) and hematopoietic (adjusted
HR, 1.53; 95% Cl, 1.38—1.68) malignancy risk was increased in pre-dialysis CKD and all CKD stages. However, the
risk of digestive cancer was lower in the pre-dialysis CKD group (adjusted HR, 0.89; 95% Cl, 0.87—0.92). The risk of
digestive, respiratory, thyroid, and prostate malignancy demonstrated a non-linear association with CKD stage, with
stage 1 or stage 4/5 CKD without dialysis demonstrating relatively lower risk.

Conclusion: Cancer risk varied in pre-dialysis CKD compared to controls, and the association between cancer risk
and CKD stage varied depending on the cancer type.
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Introduction

Cancer is a leading cause of death worldwide [1]. Im-
portantly, cancer is involved in the majority of non-car-
diovascular deaths in people with chronic kidney disease
(CKD) [2]. As both CKD and malignancy increase with
global aging, cancer in CKD patients will continue to be-
come more clinically important [3,4].

Because early diagnosis of malignancy is a crucial fac-
tor that improves prognosis, understanding the epide-
miologic distribution of cancer is particularly important.
Several studies in dialysis-dependent patients or kidney
transplant recipients identified that specific malignan-
cies, such as urinary tract neoplasms, are highly preva-
lent in patients with impaired kidney function [5—10]. In
addition, studies that investigated the risk of cancer in
CKD patients without renal replacement therapy (RRT)
found increased cancer-specific incidence or mortal-
ity in pre-dialysis CKD [11—15]. Nevertheless, a larger
population-based study is warranted as previous studies
included limited sample sizes of individuals with labora-
tory confirmed kidney dysfunction [11,12]. Results from
a larger study could guide healthcare providers regarding
screening for malignancy in the globally growing popula-
tion of individuals with mild to moderate renal dysfunc-
tion [3,4]. However, it has been difficult to perform stud-
ies that include a sufficient number of pre-dialysis CKD
patients due to the lack of longitudinal measurements of
kidney function in most nationwide databases, which are
needed to stratify CKD stages.

Here, we aimed to epidemiologically assess the type-
specific cancer risk in a large cohort of pre-dialysis CKD
by reviewing records from a national health screening
program in which over 10 million people per year receive
health examinations that include serum creatinine and
dipstick albuminuria measurements [16]. We hypoth-
esized that the degree of kidney dysfunction would be as-
sociated with site-specific cancer risk.

Methods
Ethical considerations
The Institutional Review Board of Seoul National Uni-

versity Hospital (IRB No. E-1801-027-913) approved the
study. The usage of the National Health Insurance Data-

base (NHID) was approved by the attending government
organization. The study was conducted in accordance
with the Declaration of Helsinki.

National Health Insurance Database and national
general health screening in Korea

The NHID, provided by the National Health Insurance
Service (NHIS) of Korea, is a database that includes a
claims database and information on socio-demographic
variables, national general health screening, and mor-
tality [16]. With the national health screening program,
over 10 million Korean people receive a health examina-
tion each year including serum creatinine and urinaly-
sis albumin measurements at each screening [17]. This
charge-free general health screening is provided for
workplace subscribers and for every Korean over 40 years
old at least biannually, and the overall examination rate
has been over 70% since 2011. In addition, the NHIS ap-
plies unique insurance codes for those with a confirmed
malignancy diagnosis, both for inpatient and outpatient
care. The codes are required to receive additional cover-
age for cancer-related medical fees, resulting in a reliable
method of cancer identification in the claims database.

Study population

Individuals who were screened > 2 times between 2009
and 2016 using the kinetic Jaffe’s method for serum cre-
atinine were included. We excluded 1) those with a previ-
ous history of cancer, 2) those receiving RRT at baseline
(including both dialysis and kidney transplantation) or
diagnosed for cancer after initiation of RRT, 3) those who
were less than 19 years old, 4) those who had transient or
fluctuating kidney function impairment (inconsistent al-
buminuria or reduced estimated glomerular filtration rate
[eGFR, < 60 mL/min/1.73 m?]), and 5) those with miss-
ing information for the included variables. In the control
group, those who had kidney disease related the 10th re-
vision of the International Statistical Classification of Dis-
eases and Related Health Problems (ICD-10) diagnostic
codes (Supplementary Methods 1) were excluded [18].

Study groups

The CKD group included patients with pre-dialysis
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CKD, which we defined by the presence of consecutive
laboratory evidence of CKD (e.g., dipstick albuminuria
or eGFR < 60 mL/min/1.73 m®) for > 2 sequential health
screenings. The 1:1 matched control group was con-
structed from individuals without any CKD indicative
laboratory results (albuminuria or reduced eGFR [< 60
mL/min/1.73 m?]) at each included health examination.
Controls were matched based on age, sex, low-income
status, and smoking history (none, previous, or current).
We collected additional characteristics (e.g., history of
diabetes, hypertension and body mass index) that were
not used for matching but for which we adjusted in fur-
ther analyses. Therefore, the control group was matched
based on age, sex, and social factors in the general popu-
lation rather than the presence significant comorbidities.
The pre-dialysis CKD individuals were additionally cat-
egorized into the following groups according to baseline
kidney function and dipstick albuminuria results from
their first health examination: CKD stage 1, those who
exhibited eGFR > 90 mL/min/1.73 m® and consecutive
presence of a consecutive dipstick albuminuria; CKD
stage 2, those with eGFR < 90 and > 60 mL/min/1.73 m*
and presence of a consecutive dipstick albuminuria; CKD
stage 3, those who exhibited eGFR < 60 and > 30 mL/
min/1.73 m% and CKD stage 4/5, those who exhibited
eGFR < 30 mL/min/1.73 m* but who were not on RRT [19].

Data collection

The baseline characteristics collected from the NHID
included age, sex, low-income status, history of smoking,
and body mass index of the study subjects. Low-income
status was defined as having an income lower than the
nation’s 20th percentile. Serum creatinine data were col-
lected from the examination records and we calculated
the eGFR values using the Modification of Diet in Renal
Disease (MDRD) method. History of underlying diabetes
mellitus and hypertension was identified by the ICD-
10 diagnostic codes and prescription history of relevant
medications.

Study outcomes
The cancer risk was the main study outcome. Site-spe-

cific malignancy diagnoses were additionally reviewed
for different body systems and organs using the ICD-10
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diagnostic codes (Supplementary Method 1) [12]. The
risk and incidence of cancer were also investigated for
each CKD stage. Finally, cancer-associated mortalities
included all-cause mortalities within 3 years of a cancer
diagnosis because direct causes of death were not identi-
fied in the NHID.

Statistical analysis

Continuous variables are displayed as median (inter-
quartile ranges) values. Categorical variables are dis-
played as numbers (percentages). Baseline differences
among the study groups were investigated with the chi-

People who received = 2 times of health screenings
during 2009-2016 (n = 18,936,885)

Transient/fluctuating renal function impairment
(n=2,325,016)

v

—>| <19 years old (n = 16,529) |
—>| Missing information (n = 246,247) |
—>| History of previous TB (n = 453,452) |
—>| History of RRT (n = 127,273) |

&
<

15,768,368 people with identified
non-transient baseline kidney function

| Only in controls

ICD-10 kidney
) disease codes
(n =211,700)

1:1 matching with age, sex,
low-income, and smoking history

v v

Pre-dialysis CKD group
(n=471,758)

Matched control group
(n=471,758)

Stage 1 (n = 41,108) |

Stage 2 (n = 59,403) |

Stage 3 (n = 359,224) |

INNNI

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

Figure 1. Diagram showing the study population.

CKD, chronic kidney disease; ICD-10, the 10th revision of the Inter-
national Statistical Classification of Diseases and Related Health
Problems; RRT, renal replacement therapy; TB, tuberculosis.
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squared test and the Kruskal—Wallis test. The differences
in risk of each cancer were investigated using the mul-
tivariable Cox regression analysis with multiple adjust-
ments, and the fully-adjusted model included both the
matched variables (age, sex, low-income status, smoking
history) and additional unmatched characteristics (his-
tory of hypertension, diabetes mellitus and body mass
index). The association between underlying CKD and
cancer-associated mortality for each type of cancer was
also analyzed using the Cox regression analysis. The re-
sults from the fully-adjusted models are described in the
text and figures otherwise significantly different trends
were suspected between the models. We performed
statistical analysis using the SAS ver. 9.4 program (SAS
Institute, Cary, NC, USA) with two-sided P values < 0.05
considered statistically significant.

Results
Study population
Total of 471,758 individuals with pre-dialysis CKD were

included in the study, with the same number of individu-
als in the matched control group (Fig. 1). Within the CKD

Table 1. Baseline characteristics of the study population

individuals, their CKD stages were stratified with 41,108
individuals exhibiting stage 1, 59,403 exhibiting CKD
stage 2, 359,224 exhibiting CKD stage 3, and 12,023 exhib-
iting CKD stages 4/5 without RRT. The median follow-up
duration was 4.77 years in the CKD group and 4.80 years
in the matched control group.

Baseline characteristics

Due to the 1:1 matching, the variables included in the
matching process had identical distributions between the
CKD and the control groups (Table 1). The median age
of the study population was 64 (55—71) years, and 51.5%
were males. Regarding unmatched but adjusted vari-
ables, the CKD group exhibited more frequent hyperten-
sion and diabetes mellitus and exhibited a higher body
weight and body mass index than the matched control
group. When the CKD group was stratified according to
their baseline kidney function (Supplementary Table 1),
the higher stage CKD groups were older, included more
males, and presented with more hypertension.

Characteristic Matched control (n = 471,758) Pre-dialysis CKD (n = 471,758) P value
Matched variable
Age (yr) 64 (55-71) 64 (55-71) -
<60 157,945 (33.5) 157,945 (33.5)
>60 313,813 (66.5) 313,813 (66.5)
Sex, male 243,137 (51.5) 243,137 (51.5) -
Smoking history —
Non-smoker 314,287 (66.6) 314,287 (66.6)
Ex-smoker 81,017 (17.2) 81,017 (17.2)
Current-smoker 76,454 (16.2) 76,454 (16.2)
Low income status 104,690 (22.2) 104,690 (22.2) -
Unmatched variable
Height (cm) 160 (153-167) 160 (153-167) 0.110
Weight (kg) 62 (55—69) 62 (565—69) <0.001
Body mass index (kg/m?) 24.1(22.1-26.1) 24.4 (22.4—-26.6) <0.001
Serum Cr (mg/dL) 0.8 (0.7-1.0) 1.1(1.0-1.4) <0.001
eGFR (mL/min/1.73 m?) 81 (71-93) 62 (55-70) <0.001
Hypertension 202,849 (43.0) 304,933 (64.6) <0.001
Diabetes mellitus 67,596 (14.3) 143,701 (30.5) <0.001

Data are presented as median (interquartile range) or number (%).

CKD, chronic kidney disease; Cr, creatinine; eGFR, estimated glomerular filtration rate.

www.krcp-ksn.org 63



Kidney Res Clin Pract Vol. 38, No. 1, March 2019

Table 2. Cancer incidences in the study population

Matched control (n = 471,758)

Pre-dialysis CKD (n = 471,758)

Neoplasm Events () Incidence rate Events (n) Incidence rate
(/100,000 PY) (/100,000 PY)
All neoplasms 22,416 989.92 22,971 1,019.76
Oral cavity, lip, and pharynx 223 10.29 227 10.08
Digestive system 10,782 476.15 10,028 445.18
Stomach 4,425 195.42 3,767 167.23
Colorectal 2,916 128.78 2,864 12714
Liver or bile duct 1,389 61.34 1,397 62.02
Respiratory tract 2,498 110.32 2,511 111.47
Lung 2,268 100.16 2,295 101.88
Female genital 667 29.46 668 29.66
Uterine cervix 274 12.10 310 13.76
Uterus & ovary 378 16.69 345 15.32
Male genital 2,199 97.11 2,260 100.33
Testis 10 0.44 16 0.07
Prostate 2,171 95.88 2,242 99.50
Urinary tract 1,041 45.97 2,108 93.58
Kidney 317 14.00 797 35.38
Other urinary tract 729 32.19 132 58.47
Hematopoietic system 724 31.97 1,051 46.66
Non-Hodgkin lymphoma 362 15.99 386 1714
Hodgkin lymphoma 9 0.39 19 0.84
Multiple myeloma 108 4.77 157 6.97
Leukemia 183 8.08 254 11.28
Thyroid 2,148 94.86 1,935 85.90
Breast 1,067 4712 1,116 49.54

CKD, chronic kidney disease; PY, person-year.

Risk of cancer in people with pre-dialysis CKD

The number of newly diagnosed malignancies and can-
cer incidences are presented in Table 2. The total cancer
incidence was 1,019.76/100,000 person-years in the pre-
dialysis CKD group, which was higher than 989.92/100,000
person-years in the matched control group. The digestive
system had the largest cancer incidence, both in the pre-
dialysis CKD group (445.18/100,000 person-years) and the
matched control group (476.15/100,000 person-years).
However, cancer incidence varied depending on the body
system or organ affected. Based on regression analysis
(Fig. 2 and Supplementary Table 2), the CKD group dem-
onstrated increased risk of urinary tract and hematopoi-
etic malignancies. In contrast, risk of stomach and thyroid
cancers was decreased in the CKD group prior to adjust-
ment for additional unmatched variables. After addition-
ally adjusting for hypertension, diabetes and body mass
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index in our multivariable model, the risk of all digestive
malignancies and stomach, colorectal and liver neo-
plasms was lower in the pre-dialysis CKD group than the
controls. Testicular cancer risk was significantly increased
in the CKD group only in the fully-adjusted model; how-
ever, the confidence interval was large due to the limited
numbers of included events.

Risk of cancer according to CKD stage

The number of events and cancer incidences at each
stage of CKD are presented in Supplementary Table 3.
The risk of malignancies at each CKD stage demonstrated
various trends in our regression analyses (Supplemen-
tary Table 4). Among the cancer categories assessed,
those with risk that was significantly different from the
matched control group are shown in Fig. 3. The urinary
and hematopoietic system malignancy risk was signifi-
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Category Adjusted HR (95% Cl)
<All neoplasms> 1.01 (0.99-1.03) "
<Oral cavity, lip, pharynx> 0.96 (0.80-1.17) e
<Digestive> 0.89 (0.87-0.92) u
Stomach 0.83 (0.80-0.87) -
Colorectal 0.93 (0.88-0.98) -
Liver or intrahepatic 0.90 (0.83-0.97) -
<Respiratory and intrathoracic> 0.97 (0.92-1.03) o
Lung 0.97 (0.92-1.03) Ll
<Female genital> 1.01 (0.90-1.13) -
Cervical cancer 1.15 (0.97-1.36) e
Uterus & ovary 0.91 (0.78-1.06) FaH
<Male genital> 1.06 (0.99-1.12) ]
Testis 2.32 (1.03-5.23) [ >
Prostate 1.06 (1 .00-1 13) -
<Urinary system> 1.97 (1.82-2.13) e
Kidney 2.41 (2.11-2.76) —
Urinary tract 1.75 (1.59-1.92) [
<Hematopoietic> 1.53 (1.38-1.68) [
Non-hodgkin lymphoma 1.11 (0.96-1.29) br=—
Hodgkm |ymphoma 1.96 (087_444) I >
Multiple myeloma 1.50 (1.16-1.93) e
Leukimia 1.43 (1.18-1.75) -
<Others>
Breast 1.06 (0.97-1.15) i
Thyroid 0.88 (0.82-0.93) . fm} : ,
0 1 2 3
Adjusted HR
[ Stage 1 [J Stage2 [ Stage3 HH Stage 4 or 5 without RRT
—— — —
Urinary system - .
Kidney [ —— Stomach =
T Colorectal -
Urinary tract e ——
R Liver or intrahepatic :
Hematopoietic - e
i M, Respiratory and intrathoracic i
Non-hodgkin lymphoma e N
I Lung a4
i -
Hodgkin lymphoma . >
Others
. ’ i
Multiple myeloma = Thyroid =
Leukemia - Prostate — -
r T T 1 L E— |
0 1 2 3 4 0.5 1.0 1.5
Adjusted HR Adjusted HR

cantly increased at every CKD stage; however, some
subcategory risks did not reach significance in certain
CKD stages. Meanwhile, the risk of gastrointestinal tract
cancers, including stomach and colorectal malignancies,
was significantly lower in people with CKD stage 1 or 4/5

Figure 2. Forest plot presenting the
cancer risk in the pre-dialysis chronic
kidney disease group compared to
the matched control group. The boxes
indicate the hazard ratios (HRs), and the
horizontal lines indicate the 95% confi-
dence intervals (95% Cls). The adjusted
HR were obtained from a fully-adjusted
multivariable model that included the
matched variables (age, sex, low-income
status, and smoking history) and un-
matched characteristics (history of hy-
pertension, diabetes mellitus, and body
mass index).

Figure 3. Forest plot showing the can-
cer risk at each chronic kidney dis-
ease stage compared to the matched
control group. Cancer types with repre-
sentative differences are shown. The ad-
justed hazard ratios (HR) were obtained
from a fully-adjusted multivariable model
that included the matched variables (age,
sex, low-income status, and smoking his-
tory) and unmatched characteristics (his-
tory of hypertension, diabetes mellitus
and body mass index).

RRT, renal replacement therapy; 95% Cl,
95% confidence interval.

without RRT. A similarly non-linear association was also
observed for lung, prostate and thyroid cancers. The risk
of liver cancer was significantly increased in CKD stage 2
but decreased in stage 3 or higher when compared to the
matched control group.
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Cancer-associated mortality in people with pre-dialysis
CKD

Among those who developed malignancies, the 3-year
mortality rate was 3,325/22,416 (14.8%) in the matched
control group and 3,821/22,971 (16.6%) in the pre-dial-
ysis CKD group. The risk of cancer-associated mortality
was increased in people with baseline CKD in composite
cancers and also in several malignancy categories (Table
3). However, colorectal, lung, liver, urinary system, cer-
vix, thyroid, breast, and testis neoplasms and lymphomas
did not demonstrate significantly increased mortality in
individuals with CKD. Finally, people with baseline CKD
had a lower risk of cancer-associated mortality follow-

ing diagnosis for multiple myeloma or leukemia than the
matched controls.

Cancer-associated mortality according to CKD stage

The 3-year mortality rate following a cancer diagnosis
according to each baseline CKD stage is presented in
Supplementary Table 5. The risk of cancer-associated
mortality following diagnosis for a composite malig-
nancy had a non-linear association with CKD stage, as
the stage 1 and 4/5 without RRT groups demonstrated
prominently increased risk of death. However, the statis-
tical significance of this association was modest for each
cancer type, and the statistical power varied. A similar

Table 3. Cancer-associated mortality risk of cancer patients according to the presence of pre-dialysis chronic kidney disease

R Multivariable
Univariable
Neoplasm Model 1 Model 2
HR (95% Cl) P Adjusted HR (95% CI)° P Adjusted HR (95% CI)° P

All neoplasms 1.13(1.07-1.18) <0.001 1.13(1.08-1.19) <0.001 1.09 (1.04-1.14) <0.001
Oral cavity-lip-pharynx 1.58 (1.03-2.42) 0.040 1.70 (1.11-2.61) 0.020 1.57 (1.01-2.44) 0.050
Digestive 1.15 (1.08-1.23) <0.001 1.17 (1.10-1.25) <0.001 1.13 (1.05-1.20) <0.001

Stomach 1.21(1.05-1.38) 0.010 1.22 (1.07-1.40) 0.000 1.20(1.05-1.38) 0.010

Colorectal 1.19(1.01-1.39) 0.030 1.17 (1.00-1.37) 0.050 1.12 (0.95-1.31) 0.190

Liver or intrahepatic 1.06 (0.93-1.20) 0.400 1.08 (0.96-1.23) 0.210 1.08 (0.94-1.23) 0.270
Respiratory and intrathoracic 1.10 (1.00—-1.20) 0.050 1.08 (0.98-1.18) 0.110 1.03 (0.94-1.13) 0.560

Lung 1.09 (1.00-1.20) 0.060 1.07 (0.98-1.17) 0.150 1.03(0.93-1.13) 0.590
Female genital 1.52 (1.09-2.13) 0.010 1.49 (1.07-2.09) 0.020 1.47 (1.04-2.07) 0.030

Cervical cancer 1.05 (0.58-1.90) 0.870 1.12 (0.62-2.03) 0.710 1.18 (0.64-2.15) 0.600

Uterus & ovary 1.99 (1.31-3.04) <0.001 1.79 (1.17-2.73) 0.010 1.73 (1.11-2.71) 0.020
Male genital 1.38 (1.12—-1.71) <0.001 1.40 (1.13-1.73) <0.001 1.32(1.06-1.64) 0.010

Testis 0.60 (0.04-9.66) 0.720 1.09 (0.01-88.26) 0.970 NA

Prostate 1.39 (1.13-1.73) <0.001 1.42 (1.14-1.75) <0.001 1.33 (1.07-1.66) 0.010
Urinary tract 1.01(0.81-1.27) 0.900 1.09 (0.87-1.36) 0.460 1.05 (0.83-1.32) 0.710

Kidney 0.76 (0.51-1.13) 0.170 0.75(0.50-1.11) 0.150 0.72 (0.48-1.08) 0.120

Other urinary tract 1.21(0.92—-1.58) 0.180 1.28 (0.98-1.68) 0.080 1.22 (0.92-1.62) 0.170
Hematopoietic 0.90 (0.75—-1.09) 0.290 0.95 (0.79-1.15) 0.620 0.88 (0.73—-1.07) 0.200

Non-Hodgkin lymphoma 1.06 (0.78-1.43) 0.720 1.11(0.82—-1.5) 0.500 1.02 (0.75-1.40) 0.890

Hodgkin lymphoma 0.67 (0.20-2.22) 0.510 0.77 (0.20-3.04) 0.710 0.45 (0.07-2.93) 0.400

Multiple myeloma 0.59 (0.41-0.86) 0.010 0.68 (0.47—0.99) 0.050 0.64 (0.43-0.95) 0.030

Leukemia 0.70 (0.52—-0.94) 0.020 0.78 (0.58-1.05) 0.110 0.72 (0.53-0.99) 0.040
Thyroid 1.08 (0.65—1.79) 0.780 1.21(0.72-2.02) 0.470 1.23(0.72-2.10) 0.450
Breast 1.64 (0.97-2.77) 0.070 1.57 (0.93-2.66) 0.090 1.48 (0.86—2.55) 0.160

Three-year mortality after diagnosis of cancer was considered cancer-associated mortality. The reference group was the matched control group.

HR, hazard ratio; 95% Cl, 95% confidence interval; NA, not analyzable.

®HRs and 95% Cls were obtained using a multivariable model that is adjusted for the matched variables (age, sex, low-income status and history of smoking).
"HRs and 95% Cls were obtained using the fully-adjusted model that included matched variables (age, sex, low-income status, smoking history) and unmatched

characteristics (history of hypertension, diabetes mellitus and body mass index).
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non-linear association reached significance for digestive
malignancies. Additionally, stage 4/5 CKD without RRT
was associated with significantly increased risk of cancer-
associated mortality for malignancies of the male genital
system (prostate) and urinary system (kidney) and for
colorectal cancers.

Supplementary materials are presented online (avail-
able at https://doi.org/10.23876/j.krcp.18.0131).

Discussion

Through this nationwide population-based study, we
identified the type-specific cancer incidence in nearly
half a million people with pre-dialysis CKD. When com-
pared to the matched control group, the risk of urinary
and hematopoietic system malignancies was higher in
the pre-dialysis CKD population. Notable non-linear
associations between CKD stage and the risk of several
cancer types were observed. In addition, the presence of
baseline CKD was associated with increased mortality
after the development of malignancies in certain cancer
categories.

The major strength of this study was the ability to assess
cancer epidemiology and risk in one of the largest co-
horts of individuals with pre-dialysis CKD confirmed by
consecutive laboratory measurements. Increased risk of
malignancies has been well established in patients with
end-stage renal disease or after renal transplantation
[5,7,10,20]. Several studies also suggested that the risk
of cancer was elevated in pre-dialysis CKD patients, and
lower eGFR values were reported to be related to a higher
risk of cancer [11,13,14,20]. However, the limited num-
bers of people with confirmed kidney function impair-
ment in these previous studies confined their interpreta-
tion [11—13,20]. Our study included the largest number
of pre-dialysis CKD patients, and with this advantage we
were able to report the cancer incidences of each ma-
lignancy category in pre-dialysis CKD. Therefore, these
results could guide healthcare providers when evaluating
malignancy risk in the growing number of individuals
with pre-dialysis CKD.

Overall incidence of malignancies in the CKD popula-
tion, which reached over 1,000/100,000 person-years,
was much higher than reported incidences in the gen-
eral population [21-23]. The type-specific incidences
were also higher than the general population, and this

might be related to the increased age of the CKD group.
Therefore, clinicians should consider appropriate cancer
screenings based on age in pre-dialysis CKD patients. In
addition, considering the globally increasing number of
individuals with CKD and the increasing age of the popu-
lation, the importance of potential malignancy will con-
tinue to grow in people with renal function impairment
[1].

Risk of cancer in pre-dialysis CKD patients, when com-
pared to the matched control group, varied greatly by
cancer types. As previous studies have reported, pre-
dialysis CKD patients exhibited a prominently higher
risk of urinary system or hematopoietic malignancies
[11,13]. Unexpectedly, individuals with kidney function
impairment had relatively lowered risk of thyroid and
digestive malignancies compared to matched controls.
The risk of stomach cancer was also lower in all CKD
stage groups compared to the controls, even after adjust-
ing for multiple clinical variables. The risk of colorectal
and thyroid malignancies was non-linearly associated
with CKD stage. Specifically, individuals with “hyperfil-
trative” (stage 1) or “advanced” (stage 4/5 without RRT)
CKD demonstrated decreased risk of colorectal and thy-
roid malignancies. A similar non-linear association was
also identified for several other cancer types, including
liver, lung, and prostate cancers, with CKD stage 1 or
4/5 without RRT associating with a relatively lower risk
of cancer. A non-linear association between renal func-
tion and adverse clinical outcomes has been reported in
other studies but has not been reported previously for
malignancy outcomes [24,25]. Both renal hyperfiltration
and profound kidney dysfunction have been related to
critically increased risk of mortality or cardiovascular
events [24,25]. Additionally, the inverse relationship be-
tween the risk of cardiovascular and non-cardiovascular
outcomes might exist in people with CKD [26—28]. The
findings in this study could have been influenced by the
creatinine-based calculation of eGFR, as a higher eGFR
may be a result of low creatinine, which can be caused by
other problems such as low muscle mass. This is partially
supported by our results that stage 1 CKD associated
with an increased risk of cancer-associated mortality, as
cancer cachexia is an important prognostic factor that is
independent from body mass index [29]. However, future
studies should examine the mechanism of the non-linear
association between renal function and risk of cancer.
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The presence of baseline CKD was associated with
worse prognosis for certain types of subsequently diag-
nosed cancers. Although we could not review the cause-
specific mortalities, this is not surprising given the lim-
ited cancer therapy options for individuals with impaired
renal function and the increased likelihood of comor-
bidities [2,15,30]. Therefore, given the increasing number
of CKD patients, an appropriate treatment strategy for
this patient group would be important [31]. On the other
hand, the prognoses for certain hematologic malignan-
cies, including leukemia and multiple myeloma, were
better in the CKD population. This may be due to a limi-
tation of our study in that we did not discriminate the
subtypes or stages of the studied malignancies. Also, in-
formation on cancer treatment was not included. There-
fore, chronic leukemia or indolent course myeloma might
have been included in these groups considering the older
study population, making these results inconclusive. Ad-
ditionally, this study could inherently contain selection
bias, as only those who received multiple general health
screenings were included. Individuals with illness and
those who were already on follow-up with their attending
hospitals would be less likely to receive the nationwide
exam. Future studies that involve detailed collection of
information, including cancer type, stage, and treatment,
are necessary to fully investigate the association between
renal dysfunction and cancer prognosis.

Several points need to be interpreted with caution in
our study. First, although we reported the cancer inci-
dences in one of the largest cohorts of pre-dialysis CKD,
the study is a single-nation study. As cancer epidemiol-
ogy varies among countries, these results may not be
applicable to other countries [21—23]. Second, use of the
national health screening program might be affected by
the presence of CKD, and patients with serious illness
would likely be on follow-up at the attending hospitals
and not receive general health screening. Therefore, this
could have resulted in selection bias. In addition, the
likelihood of cancer screening may be different in CKD
patients compared to the general population [32,33],
which could have also introduced sample bias. This is
particularly possible for malignancies such as thyroid
cancer in which screening behavior affects its incidence
[34]. Third, results regarding post-malignancy mortal-
ity are inconclusive, as detailed subtypes or stages of
the cancer types were not available, follow-up duration
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was limited, and cancer-specific mortality data were not
available in our study. Also, it remains unclear whether
the defined duration of 3 years adequately reflects actual
cancer-associated mortality. Lastly, our study could not
provide an explanation for the lower risk of stomach can-
cer in pre-dialysis CKD patients when compared to the
controls or the non-linear association between cancer
risk of certain malignancy types and CKD stage. Our in-
ability to provide these mechanisms renders this study
descriptive, so further study in another large cohort with
additional information to assess mechanism is necessary.

In conclusion, increased risk of hematologic and uri-
nary system malignancies was observed in pre-dialysis
CKD. The incidence of digestive and thyroid cancers
was lower in individuals with pre-dialysis CKD than in
the matched control group and the risk of certain cancer
types showed a non-linear association with the stages
of CKD. Taken together, healthcare providers should be
aware of the diverse risk of various cancers in patients
with pre-dialysis CKD.
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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 Cc22
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 Co61
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: NO3, NO52, NO53, NO54, NO55, NO56, NO72, NO73,
NO74, NO1, 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 Stage 2 Stage 3 Stage 4 or 5 without Palue
(n=41,108) (n=59,403) (n=359,224) RRT (n = 12,023)
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/m?) 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) 8(0.7-0.9) 0(0.9-1.1) 2(1.0-1.4) 4(1.9-3) <0.001
eGFR (mL/min/1.73 m?) 104 (95-117) 5 (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

o Multivariable
Univariable
Neoplasm Model 1 Model 2
HR (95% Cl) P Adjusted HR (95% CI)® P Adjusted HR (95% CI)° 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% Cl, 95% confidence interval.
°*HRs and 95% Cls were obtained using a multivariable model that was adjusted for the matched variables (age, sex, low-income status and history of smoking).
°HRs and 95% Cls 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

Stage 1 Stage 2 Stage 3 Stage 4/5 without RRT
(n=41,108) (n=59,403) (n=359,224) (n=12,023)
Neoplasm - - - -
Event (n) Incidence rate Event (n) Incidence rate Event (n) Incidence rate Event (n) Incidence rate
(/100,000 PY) (/100,000 PY) (/100,000 PY) (/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 4411 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 3211
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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