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Risk of colorectal cancer in kidney transplant recipients and patients
with end-stage renal disease undergoing hemodialysis
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CRCIncidence & Risk

CRC Incidence Rate

Dialysis Group

2.9 per 1,000 person-years

Kidney Transplant Group

1.2 per 1,000 person-years

15-Year Cumulative CRC Incidence 5.37% 1.83%
Adjusted Hazard Ratio (HR) Reference (1.00) 0.54 (95% CI: 0.42-0.71)
Average Time to CRC Development 4.5 years 4.8 years

Landmark Analysis (3 & 5 years)

Higher CRC incidence after both time points

Lower CRC incidence remains significant

BaselineCharacteristics
Age (mean) 64 years 52 years
Charlson Comorbidity Index (CCI) 5.9 3.5
Diabetes Mellitus Prevalence 60.8% 24.4%
Hypertension Prevalence 92.9% 79.5%
Colonoscopy Likelihood (inferred) Lower (rarely screened) Higher (routine pre-KT screening)

The risk of CRC after KT remained significantly lower than that of patients undergoing dialysis,

Conclusion even after landmark analysis.

KJIM™

Background/Aims: Assessing the risk of colorectal cancer (CRC) after kidney transplantation (KT) in patients with end-
stage renal disease (ESRD) receiving dialysis is crucial to determine KT’s risks and benefits. In Korea, the study results remain
unclear. Therefore, using a nationwide health screening and claims database, this longitudinal study aimed to investigate CRC
risk in KT recipients versus patients with ESRD receiving hemodialysis.

Methods: This research recruited 65,154 participants (60,202 on dialysis vs. 4,955 with KT) from the database of the Kore-
an National Health Insurance Service, which provides mandatory health insurance to all Korean citizens. These participants
were followed up from the baseline to CRC development, loss of follow-up, or study completion. The landmark method was
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used to effectively control the immortal time bias.

Results: During the follow-up period, the incidence of CRC was 2.9 per 1,000 person-years in the dialysis group and 1.2
per 1,000 person-years in the KT group (p < 0.001). The mean time for CRC development in the dialysis and KT groups was 4.5
and 4.8 years, respectively. Compared with dialysis patients, the KT group obtained an adjusted hazard ratio of 0.54 for CRC
(95% confidence interval, 0.42-0.71; p < 0.001). Landmark analysis showed that the 15-year cumulative CRC incidence was
significantly higher in the dialysis group than in the KT group after landmark time points of 3 and 5 years (p < 0.0001).
Conclusions: The risk of CRC after KT remained significantly lower than that of patients undergoing dialysis, even after

landmark analysis.
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INTRODUCTION

The association between end-stage renal disease (ESRD) and
colorectal cancer (CRC) development has emerged as a ma-
jor health concern [1,2]. In a retrospective analysis using the
Korean National Health Insurance Service (NHIS) database,
the overall cancer risk was approximately 1.54 times higher
among 48,315 patients with ESRD undergoing dialysis than
that among healthy controls. In particular, CRC occurred
most frequently in both the dialysis and control groups, and
the incidence rate in the dialysis group was 1.36-fold higher
than that in the control group (p < 0.001) [3]. A longitudi-
nal health insurance database study in Taiwan showed that
patients with chronic kidney disease not receiving dialysis
had an independently higher risk of developing CRC than
age- and sex-matched controls (hazard ratio [HR], 1.79; p <
0.001) after adjusting for potential confounding factors [4].
Patients with ESRD requiring dialysis may be potential candi-
dates for kidney transplantation (KT). KT requires long-term
immunosuppressive treatment, which could be a risk fac-
tor for malignancy [5,6]. In studies comparing KT recipients
with the general population by using the standardized inci-
dence ratio (SIR), the risk for CRC slightly increased after KT
(SIR, 1.4-1.8) [7-9]. A Taiwanese retrospective nationwide
study analyzed the CRC risk for over 14 years (2000-2013)
in 3,739 KT recipients and 42,324 patients with ESRD but
without KT; additionally, the cumulative incidence of CRC
was 1.34-fold higher (log-rank test, p < 0.001) in the KT
group than in the dialysis group [10]. Evaluating the risk of
CRC after KT in patients with ESRD who are on dialysis is
crucial to determine the risks and benefits of KT; however,
no clear results are currently available in Korea. Therefore,
this longitudinal study aimed to investigate the risk of devel-
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oping CRC in KT recipients in comparison with patients with
ESRD receiving dialysis, using a nationwide health screening
and claims database.

METHODS

Study population

Figure 1 illustrates the selection process of our study partic-
ipants recruited from the Korean NHIS database. The NHIS
is well organized and centralized, implying that all medical
records, including diagnoses, prescriptions, hospitaliza-
tions, and national health screening results, were obtained
through institutional approval. We enrolled individuals who
started renal replacement therapy (either hemodialysis or
peritoneal dialysis) or received KT for ESRD between Janu-
ary 2002 and December 2020. The exclusion criteria were
as follows: 1) age < 18 years, 2) immunosuppressive ther-
apy (e.g., cyclosporine, mycophenolate mofetil, tacrolimus,
sirolimus, everolimus, azathioprine, methotrexate, and/or
cyclophosphamide) > 6 months before starting dialysis, 3)
dialysis introduction before study entry, 4) CRC diagnosis
within 1 year of dialysis introduction or KT, 5) graft failure,
6) missing data on primary variables. This study conformed
to the principles of the Declaration of Helsinki and received
approval from the Institutional Review Board of Gangneung
Asan Hospital (IRB approval number: 2024-11-002). Addi-
tionally, informed consent acquisition was waived because
only anonymized data were used.

Data selection

The disease status was determined using the 10th Interna-
tional Classification of Diseases and Related Health Problems
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First candidates (n = 196,563)

Final participants (n = 65,157)
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Exclusion criteria (n = 131,406)

Age < 18 years (n = 1,243)

Use of immunosuppressive agents = 6 months before starting dialysis (n = 14,355)

Start of dialysis before study entry (n = 12,631)

Diagnosis of colon cancer within 1 year of starting dialysis or kidney transplantation (n = 6,613)
Graft failure (n = 4,083)

Participants with missing data on key variables (n = 92,481)

Dialysis Kidney transplantation

(n = 60,202)

Figure 1. Flowcharts.

(ICD-10). We defined dialysis as the combination of ICD-10
codes for ESRD (N185, N189, or Z49) and a dialysis prescrip-
tion for > 3 months. An ICD-10 code of 794.0 indicated KT.
Hypertension was defined as the combination of the ICD-
10 codes 110-13 and 115, antihypertensive prescription, and
either > 1 ICD-10 code for hypertension for any reason on
admissions or > 2 ICD-10 codes for hypertension on outpa-
tient visits. Furthermore, we defined diabetes mellitus (DM)
as the combination of the ICD-10 codes E11-14, antidiabet-
ic prescription, and either > 1 ICD-10 code for DM for any
reason on admissions or > 2 ICD-10 codes for DM on out-
patient visits. Demographic data collected during the base-
line national health screening were extracted from the NHIS
database. In addition, information on personal income level,
smoking habit, and alcohol consumption was collected us-
ing a self-administered questionnaire survey. The Charlson
Comorbidity Index (CCl), a well-known method for classi-
fying prognostic comorbidity in longitudinal studies, was
evaluated according to health insurance claims during the
2-year retrospective period from the baseline [11,12].

Study outcome

The primary outcome was a newly diagnosed CRC, which
was defined as the combination of ICD-10 codes C18, C19,
and C20 and either a hospitalization history or > 2 outpa-
tient visits for CRC. Participants were followed up from the
baseline until CRC development, loss to follow-up, or end
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(n = 4,955)

of the study (i.e., December 31, 2020), whichever occurred
first. Loss to follow-up and study period were censored events.

Statistical analysis

All data were analyzed using SAS Enterprise Guide version
6.1 (SAS Institute, Cary, NC, USA) and STATA version 17
(STATA Corp., College Station, TX, USA). A p value < 0.05
was considered statistically significant. Continuous variables
are expressed as mean = standard deviations or as medi-
ans and interquartile ranges. Intergroup comparisons (ICD-
10) were performed using the Student’s t-test and Mann-
Whitney U-test for normally distributed and non-normally
distributed continuous variables, respectively. Categorical
variables, expressed as numbers with percentages, were as-
sessed using the chi-square test or Fisher's exact test. The
normality of the data distribution was analyzed using the
Shapiro-Wilk test. The cumulative incidence of CRC was es-
timated using Kaplan-Meier (KM) analysis and the log-rank
test. The risk of developing CRC in patients with ESRD un-
dergoing dialysis and those who received KT was estimated
using the Cox proportional hazards model. The correspond-
ing data are expressed as HR with 95% confidence intervals
().

Landmark method

To effectively control the immortal bias, this study used the
landmark method. This method sets an arbitrary landmark
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Variable Dialysis (n = 60,202) KT (n = 4,955) p value
Age (yr) 64+ 12 52+ 12 < 0.001
Sex, male 38,416 (63.8) 2,817 (56.9) < 0.001
BMI (kg/mz) 240+36 23.6+34 < 0.001
Income level < 0.001
First quartile (lowest) 16,306 (27.1) 966 (19.5)
Second quartile 11,142 (18.5) 833 (16.8)
Third quartile 13,841 (23.0) 1,223 (24.7)
Fourth quartile (highest) 18,913 (31.4) 1,933 (39.0)
Smoking status < 0.001
Never 35,867 (59.6) 3,167 (63.9)
Former 14,188 (23.6) 1,196 (24.1)
Current 10,147 (16.9) 592 (11.9)
Alcohol intake <0.001
Non-drinker 31,298 (51.9) 2,078 (41.9)
1-3 times/week 14,489 (24.1) 1,829 (36.9)
> 4 times/week 14,415 (23.9) 1,048 (21.2)
Comorbidities
Hypertension 55,919 (92.9) 3,940 (79.5) < 0.001
Diabetes mellitus 36,576 (60.8) 1,210 (24.4) <0.001
Charlson comorbidity index score 5933 35+24 < 0.001
Values are shown as mean + standard deviation or number (%).
KT, kidney transplantation; BMI, body mass index.
Table 2. Comparison of the risk of colorectal cancer between the dialysis group and the KT group
: Dialysis KT
Incidence rate (per 1,000 person-years) p value
29(2.8-3.2) 1.2 (1.0-1.6)
Model 1
Hazard ratio (95% Cl) 1 (Ref.) 0.360 (0.279-0.464) < 0.001
Model 2
Hazard ratio (95% Cl) 1 (Ref) 0.511 (0.393-0.664) < 0.001
Model 3
Hazard ratio (95% Cl) 1 (Ref.) 0.531 (0.408-0.691) < 0.001
Model 4
Hazard ratio (95% Cl) 1 (Ref.) 0.541 (0.415-0.705) < 0.001

Model 1: unadjusted. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, smoking status, alcohol consumption,
and income level. Model 4: adjusted for age, sex, smoking status, alcohol consumption, income level, body mass index, and

hypertension and diabetes mellitus presence.
KT, kidney transplantation; Cl, confidence interval.

time point and divides participants exposed to a drug or
treatment after that time point from those who are un-
exposed, for the analysis. Individuals were excluded from

https://doi.org/10.3904/kjim.2025.015

observation if an event occurred before the landmark time
point [13,14]. For example, patients with ESRD were not el-
igible for KT if they were diagnosed with CRC during an
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index colonoscopy, which was performed as part of the pre-
KT screening. In addition, if CRC was excluded or adenomas
that could become precancerous lesions were removed at
the time of colonoscopy, its legacy effect may affect the
difference in CRC incidence rates for at least 3 years and up
to 5-10 years. To exclude the long-term beneficial effect of
pre-KT colonoscopy, we set the landmark time points at 3
and 5 years after KT.

RESULTS

Baseline characteristics

This study enrolled 65,157 participants (60,202 in the di-
alysis group and 4,955 in the KT) (Fig. 1). All KT patients
were receiving immunosuppressants. Table 1 summarizes
their baseline characteristics. Compared with the KT group,
the dialysis group was older, consisted mostly of males, had
a lower income level, and was more likely to be a current
smoker and a heavy drinker (p < 0.001). While the dialysis
group had a higher body mass index (BMI), the KT group
had lower hypertension and DM prevalence and mean CCl
score (p < 0.001).

Risk of CRC according to dialysis versus KT

During the follow-up period, the incidence of CRC was 2.9
per 1,000 person-years (95% Cl, 2.8-3.2) in the dialysis

Colorectal cancer (3 yr)

g - Group
—— Dialysis
Transplantation

p < 0.0001

Cumulative incidence (%)
o
1

0 - se———
T T T T T T
0 3 6 9 12 15
Time of follow-up (yr)
Number at risk
Dialysis 34,890 34,890 17,821 7,885 2314 622
Transplantation 5,423 5423 3,519 2,186 1,108 424
Number at event
Dialysis 471 47 210 77 16 2
Transplantation 24 24 14 7 5 0
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group and 1.2 per person-years (95% Cl, 1.0-1.6) in the KT
group (p < 0.001; Table 2). The mean time to CRC occur-
rence was slightly shorter in the dialysis group than in the
KT group (4.5 years vs. 4.8 years). The unadjusted HR for
CRC was 0.36 in the KT group compared with that in the
dialysis group (95% Cl, 0.28-0.46; p < 0.001). This result
remained consistent after adjusting for potential confound-
ers. Conversely, the adjusted HR for CRC was 0.54 in the
KT group compared with that in the dialysis group (95% Cl,
0.42-0.71; p < 0.001). The 15-year cumulative incidence of

Colorectal cancer (overall)

0.08 4 Group
2 —— Dialysis
o Transplantation
g 006 - P
= p < 0.0001
o
£ 0.04
v
=
=]
«
s 0.02
S
S
[ R e s M
04 —
T T T T T T
0 3 6 9 12 15
Time of follow-up (yr)
Number at risk
Dialysis 60,202 34,865 17,033 7,020 1,923 490
Transplantation 4,955 5,424 4,277 3,027 1,483 555
Number at event
Dialysis 800 471 210 77 16 2
Transplantation 66 39 19 8 5 0

Figure 2. Cumulative incidence of colorectal cancer.

Colorectal cancer (5 yr)

g Group

g —— Dialysis '

é 6 Transplantation

= p < 0.0001

o

£ 44

v

=

=1

©

S 2

£

S

o

0 — s W
T T T T T T
0 3 6 9 12 15
Time of follow-up (yr)
Number at risk

Dialysis 22,049 22,049 17,278 7,561 2,220 601

Transplantation 4,740 4,740 4,062 2,510 1,202 445
Number at event

Dialysis 278 278 210 77 16 2

Transplantation 17 17 14 7 5 0

Figure 3. Landmark analyses for the cumulative incidence of colorectal cancer. (A) Cumulative incidence after the 3-year landmark. (B) Cumulative

incidence after the 5-year landmark.
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Subgroup analysis
Adjusted HR (95% Cl), p value
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i luer f
Variable HR (95% Cl) pvaluer for
interaction
Sex Men — 0.595 (0.434-0.816) 0.863
Women L 0.449 (0.275-0.733)
Age (yr) <65 —— 0.458 (0.341-0.614) 0.934
> 65 L 0.460 (0.245-0.865)
BMI <23 L 0.475 (0.310-0.729) 0.102
> 23 ) 0.592 (0.422-0.830)
CCl <4 il 0.547 (0.342-0.875) 0.847
> — 0.535 (0.387-0.740)
DM Yes ) 0.590 (0.394-0.884) 0.206
No — 0.508 (0.357-0.722)
Hypertension Yes — ., 0.550 (0.415-0.728) 0.745
No il 0.461 (0.203-1.051)
Income Categ1 » 0.393 (0.211-0.731) 0.760
Categ2 0.646 (0.349-1.196)
Categ3 L ] 0.601 (0.355-1.020)
Categ4 1 0.564 (0.363-0.879)
Smoking Categ1 -] 0.591 (0.425-0.821) 0.135
Categ2 1 0.590 (0.356-0.977)
Categ3 1 0.206 (0.064-0.656)
Drink Categ1 —_— . 0.480 (0.330-0.698) 0.119
Categ2 1 0.783 (0.521-1.176)
Categ3 - 0.124 (0.030-0.523)
T T
0 0.5 1.0

»

Transplantation

Dialysis

Figure 4. Subgroup analyses. BMI, body mass index; CCl, Charlson comorbidity index; DM, diabetes mellitus; HR, hazard ratio; Cl, confi-

dence interval.

CRC was significantly higher in the dialysis group than in the
KT group (5.37% vs. 1.83% [log-rank], p < 0.0001; Fig. 2).
The landmark analysis showed that the 15-year cumulative
CRC incidence remained consistently higher in the dialysis
group after 3 and 5 years (p < 0.001 in all [log-rank], Fig. 3).

Association between renal replacement
modality and CRC risk in different subgroups
CRC risk was consistently associated with renal replace-
ment modality (dialysis vs. KT) across the subgroups (Fig. 4).
Meanwhile, no significant interactions were found among
subgroups stratified by sex, age, BMI, CCl score, DM, hyper-
tension, income level, smoking status, and alcohol intake.

https://doi.org/10.3904/kjim.2025.015

DISCUSSION

Using longitudinal cohort data from the Korean NHIS claims
database, this study found that KT recipients had a signifi-
cantly lower risk of developing CRC than patients with ESRD
undergoing dialysis.

However, the previous results were conflicting. Overall
cancer incidence has been reported to be significantly in-
creased after KT; this increase may be related to long-term
exposure to immunosuppressants [5,8]. A nationwide study
in Taiwan also revealed that KT recipients had a significant-
ly increased risk for CRC compared with the ESRD group
on dialysis [10]. In contrast, a subgroup analysis from the
Australian and New Zealand Dialysis and Transplant Registry
showed that CRC incidence was not significantly increased
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after transplantation [6]. Additionally, this Oceanian study
showed a reduced incidence of rectal cancer after KT com-
pared with those on dialysis. In particular, when comparing
our results with a nationwide study conducted in Taiwan
[10], conflicting results were found despite similar study
methods. This discrepancy may be due to the relatively short
follow-up period in our study. Although the short follow-up
period may affect the crude incidence rate, we compared
CRC occurrence using longitudinal data obtained via KM
analysis. Additionally, the effect of a short follow-up period
will be statistically accounted because it is censored at the
end of the follow-up period. Therefore, even if the KT group
in our study had more participants with a relatively short
follow-up period, the lower CRC incidence observed using
the KM method of analyzing longitudinal data remains sta-
tistically significant.

We conducted subgroup analyses to investigate factors
affecting CRC incidence; however, no meaningful differenc-
es were observed between these subgroups. Using a step-
wise model with potential confounders, we found that the
adjusted HR was significantly higher in the dialysis group
than in the KT group. Therefore, KT for patients with ESRD
may be an independent protective factor against CRC occur-
rence. To explain the association between KT and CRC risk
reduction, we need specific data on pretransplant colonos-
copy because this screening method is generally considered
as the most important protective factor for reducing future
CRC development [15]. However, we could not obtain the
exact information on colonoscopy history in both participant
groups because of limitations from the NHIS database. Typ-
ically, KT candidates undergo cancer screening, with colo-
noscopy as the most frequent, before transplantation. Con-
versely, colonoscopy is not routinely considered as a primary
screening method for CRC in patients with asymptomatic
ESRD receiving dialysis because of the increased risk of colo-
noscopy-related complications, such as perforation (iatro-
genic perforation and postpolypectomy bleeding) [16,17].

According to our study results, the overall incidence of
CRC in the dialysis and KT groups was 2.9 and 1.2 per
1,000 person-years, and the 15-year cumulative incidence
was 5.37% and 1.83%, respectively. Interestingly, these
findings were comparable to those reported in previous
studies examining the association between long-term CRC
incidence and index colonoscopy findings. The overall and
cumulative incidence rates of CRC in the dialysis group were
similar to those in high-risk patients without colonoscopy
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surveillance, whereas those in the KT group were similar to
those in the low-risk group with at least one surveillance
visit [15,18]. Although the incidence of CRC in the KT group
was relatively lower than that in the dialysis-maintaining
group, it remained higher than that in the general Korean
population. The incidence of CRC after KT in our study was
1.2 per 1,000 people compared with the crude incidence of
0.6 per 1,000 people in Korea as of 2021 [19]. This aligns
with the findings from a large-scale Canadian study, which
reported a SIR of 1.4 for CRC after KT compared with the
general population [7]. These results suggest that while KT
may reduce CRC risk compared with dialysis, transplant re-
cipients still face an elevated risk compared with the general
population. In the present study, screening colonoscopies
were usually performed among KT recipients before trans-
plantation, allowing inclusion of participants without CRC in
the KT group. Conversely, the risk of bias might be possible
because participants with undetected CRC were also in-
cluded in the opposite group. To minimize this legacy effect
of pre-KT screening colonoscopy, we conducted landmark
analyses by setting time points at 3 and 5 years after KT.
Results showed that the long-term cumulative incidence of
CRC remained higher in the dialysis group even after each
time point.

Many modifiable and nonmodifiable risk factors are in-
volved in CRC development. The components of metabolic
syndrome (e.g., abdominal obesity, high blood pressure,
impaired fasting glucose, high triglyceride levels, and low
high-density lipoprotein cholesterol levels) have been sug-
gested as representative modifiable ones [20]. Aside from
the screening effect of pretransplant colonoscopy, KT recip-
ients’ metabolic status is expected to eventually improve af-
ter transplantation as compared with that of those patients
who are still on dialysis. This improved metabolic status may
also serve as a protection against CRC development [21,22].
One study analyzed the CRC risk factors among three ESRD
groups (i.e., those not on dialysis, those on dialysis, and
those who received KT) and found that the use of erythro-
poietin and azathioprine could be independent factors for
CRC development [23]. The use of erythropoietin injections
may explain the increase in CRC incidence in patients who
rely on dialysis before KT. Currently, azathioprine is not
routinely used in Korea as a preferred post-KT immunosup-
pressant. Furthermore, the chance of developing CRC from
the long-term use of azathioprine seems to be low in this
country [24].

https://doi.org/10.3904/kjim.2025.015
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This study has the strength of providing multifaceted ev-
idence. Through comparisons between multiple subgroups
and analyses of multiple landmark time points, the incidence
of CRC may be reduced after KT as compared with that of
those patients who remained on dialysis. Nevertheless, this
study has several limitations. First, our study findings should
be interpreted cautiously because conclusions concerning
causality and the possibility of residual confounding can-
not be excluded because of the observational study design.
Second, detailed information concerning colonoscopy was
unavailable. Possibly, colonoscopy examination would be
performed more actively in the KT group than in the dialysis
group before and after transplantation. Undergoing colo-
noscopy may have further enhanced the protective effect
of KT against CRC incidence, but further research is needed
for confirmation. Third, because our study participants were
recruited from the Korean NHIS database, we could not
present results analyzing colon and rectal cancer separately.
Fourth, in the landmark analysis, only CRC cases that oc-
curred after 3 or 5 years were included. Therefore, the CRC
risk among patients with a relatively short follow-up period
after KT or initiation of dialysis may have been inadequately
assessed. Finally, our participants were of a single ethnic or-
igin, given the differences in environmental exposures and
sociodemographic and anthropometric factors between dif-
ferent ethnicities, our study results warrant further valida-
tion in other ethnic groups.

In conclusion, the CRC risk after KT was significantly low-
er than that of patients on dialysis, even after additional
landmark analysis. Further investigation is needed, including
data on colonoscopy, which is among the crucial factors as-
sociated with CRC occurrence.

KEY MESSAGE

1. Kidney transplant recipients had a significantly
lower risk of colorectal cancer compared with pa-
tients on dialysis.

2. Landmark analyses at 3 and 5 years confirmed
consistently higher cumulative incidence of col-
orectal cancer in the dialysis group.

3. Kidney transplantation may serve as an indepen-
dent protective factor against colorectal cancer in
patients with end-stage renal disease.
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