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INTRODUCTION

In studies on the effectiveness of drugs for certain diseases, the 
adoption of an observational research design using secondary 
databases has been increasing in recent times.1 Observational 
studies using cohort data have the advantage of being able to 
appraise the effectiveness and safety of drugs over a long peri-

od of time; however, caution is necessary because there is a 
very high risk of various types of biases.1-3 One common bias in 
cohort studies is immortal time bias. In epidemiology, the term 
“immortal time” refers to a follow-up period during which an 
event corresponding to an outcome has not yet occurred.4 In 
general, cohort data analysis classifies subjects into several 
groups based on whether they are exposed to a specific dis-
ease or treatment behavior, and then observes the time from the 
point of cohort entry until an event of interest occurs. In phar-
macoepidemiology, the period between the time of inclusion 
in the cohort and the first prescription of a drug in the drug ex-
posure group is “immortal time” by default, during which the 
event does not occur, thereby resulting in a time difference be-
tween the exposure and non-exposure groups.5,6 Immortal time 
biases are common in suboptimal survival analysis of exposed 
and non-exposed cohorts, often leading to significant overes-
timations of the benefits of the treatment.7 This phenomenon 
is particularly common in drug effectiveness studies based on 
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secondary sources, such as claims data.8

Inflammatory bowel disease (IBD) is a chronic recurrent in-
flammatory disease of the intestine that is known to be caused 
by genetic susceptibility and intestinal bacteria, and it is clini-
cally classified as Crohn’s disease (CD) and ulcerative colitis 
(UC).9 Until recently, Asian countries have reported a relative-
ly lower incidence of IBD than Western countries. However, 
the prevalence is now increasing, and the growth rate in Asian 
countries is higher than that in Western countries.10,11 IBD is 
known to be a strong risk factor for colorectal cancer;12,13 hence, 
colonoscopy is recommended for patients with IBD.14,15 How-
ever, patient reluctance makes it difficult to perform periodic 
colonoscopy regularly.16 Thus, the prevention of colorectal can-
cer by using certain drugs, such as 5-aminosalicylic acid (5-
ASA), immunomodulators, glucocorticoids, and anti-tumor 
necrosis factor-α agents (anti-TNF), has been proposed as an 
alternative.17-19

Several studies have been conducted on patients with IBD 
concerning the preventive effect of these drugs on colorectal 
cancer; however, results vary widely between studies. For ex-
ample, in 2012, a meta-analysis20 reported that the use of 5-ASA 
did not have a preventive effect on colorectal cancer, while a 
2017 meta-analysis21 revealed significant preventive effects. A 
systematic review of observational studies on the relevance of 
anti-TNF drug use and the onset of lymphoma in patients with 
IBD reported that the results of these studies differed, which 
might be due to the use of inappropriate methodologies. Of 

the 14 studies selected for the review, 11 had a suboptimal def-
inition of “exposure,” and seven had a very high probability of 
time-related bias.22 Targownik and Suissa7 have presented sev-
eral studies as examples, highlighting the possibility of an im-
mortal time bias in gastrointestinal observational research.

This study sought to analyze the effects of the medications 
used by patients with IBD on the risk of colorectal cancer using 
the landmark method,23 which is one approach employed to 
reduce immortal time bias. Additionally, we compared the re-
sults of various landmark time settings in the landmark analy-
sis model.

MATERIALS AND METHODS

Source of data and cohort definition
This study was approved by the Institutional Review Board of 
Wonju Severance Christian Hospital (IRB no. CR320304). The 
research data, including information on demographic charac-
teristics, death, medical history, and prescription history from 
2004 to 2015, were provided by the Korean National Health 
Insurance Database. Using the 7th Amendment Code of the 
Korean Standard Classification of Diseases (KCD-7), patients 
with IBD were classified as having CD (K50) or UC (K51) 
based on their medical history. The operational definition of 
patients with IBD was considered as patients with more than 
one outpatient visit for the disease codes “K50” and “K51” with 

IBD in NHIS database 2004–2010 (n=40232) 
CD=10774, UC=29458

Newly diagnosed with IBD 2006–2010 (n=23667) 
CD=6609, UC=17058

Diagnosed with IBD 2004–2005 (n=16565) 
CD (n=4165) 

  UC (n=12400)

Sex or age missing (n=131) 
CD (n=30) 

  UC (n=101)

Colorectal cancer before IBD (n=315) 
CD (n=127) 
UC (n=188)

Included in the study (n=23536) 
CD=6579, UC=16957

Included in the study (n=23221) 
CD=6452, UC=16769

Fig. 1. Number of subjects according to disease diagnosis. IBD, inflammatory bowel disease; NHIS, National Health Insurance Service; CD, Crohn’s 
disease; UC, ulcerative colitis.
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a relevant drug being prescribed more than once.24 Drugs con-
sidered related to the treatment of IBD were 5-ASA, immuno-
modulators, anti-TNF, and corticosteroids (Supplementary Ta-
ble 1, only online).

Newly diagnosed patients with IBD between January 1, 
2006 and December 31, 2010 were selected as study partici-
pants. A washout period from January 2004 to December 2005 
was considered, and patients diagnosed during this period 
were excluded. Patients whose age or sex was unknown and 
patients diagnosed with colorectal cancer before IBD diagno-
sis were also excluded from the analysis. A cutoff period until 
the occurrence of colorectal cancer was designated as De-
cember 31, 2015 (Fig. 1).

Drug exposure and outcome
In the case of anti-TNF agents, provision of new health insur-
ance benefits enacted in 2010 for patients with UC was con-
sidered to likely affect the results of our research, and since 
the number of prescriptions for anti-TNF agents was very 
small, they were excluded from the analysis. Using a Cox pro-
portional hazards model, a preliminary analysis was conduct-
ed to compare the incidence of colorectal cancer following ex-
posure to 5-ASA, immunomodulators, or corticosteroids among 
patients with CD and UC (Supplementary Table 2, only online). 
As one of the objectives of this study was to verify the effec-
tiveness of controlling immortal time bias using the landmark 
method, the drugs selected for the final analysis were based 
on data indicating that drug exposure is significantly associat-
ed with colorectal cancer. The drugs selected for the final anal-
ysis were immunomodulatory agents for patients with CD and 
5-ASA for those with UC. The outcomes were defined as pa-
tients diagnosed with C18 (malignant neoplasm of the colon), 
C19 (malignant neoplasm of the rectosigmoid junction), and 
C20 (malignant neoplasm of the rectum), referring to KCD-7 
codes.

Confounding variables 
Confounding variables, including sex, age, economic level 
(based on health insurance premiums), residence (urban and 
rural), Charlson comorbidity index (CCI), and underlying dis-
eases (hypertension, diabetes, cerebrovascular disease, and 
cardiovascular disease), that could affect the occurrence of 
colorectal cancer in patients with IBD were selected. CCI was 
calculated excluding scores for the common disease code 
containing C (cancer).

Data analysis
In this study, the Kaplan-Meier method was used to estimate 
cumulative incidence, and the log-rank test was applied to com-
pare differences in cumulative incidence between drug expo-
sure and non-exposure groups. Using a Cox proportional haz-
ards model adjusted for confounding variables, estimated 
hazard ratios (HR) and 95% confidence intervals (CIs) were de-

termined. All analyses were performed using the SAS statistical 
software package for Windows (version 9.4; SAS Institute Inc., 
Cary, NC, USA), with a significance level of 0.05.

Landmark method 
To effectively control for immortal time bias, the landmark meth-

Table 2. HR and Log-Rank Test for Immunomodulator Use in CD

Landmark 
Point

Exposure
Colorectal 

cancer HR (95% CI)
p 

value*

Log-rank 
test 

p valueYes No

Basic model
No 40 2422 ref

0.003 0.002
Yes 31 3959 0.47 (0.28–0.78)

6 months
No 43 4595 ref

0.405 0.347
Yes 11 1763 0.75 (0.38–1.45)

1 year
No 38 4080 ref

0.296 0.297
Yes 14 2269 0.71 (0.38–1.34)

2 years
No 31 3505 ref

0.145 0.126
Yes 14 2813 0.61 (0.32–1.18)

3 years
No 20 3162 ref

0.737 0.599
Yes 15 3137 0.88 (0.43–1.81)

CD, Crohn’s disease; HR, hazard ratio; CI, confidence interval.
*By Cox proportional hazards models.

Table 1. Characteristics of the Study Participants

Confounding 
variables

CD (n=6452) UC (n=16769)
Colorectal cancer Colorectal cancer

Yes No Yes No 
Total 71 (1.1) 6381 (98.9) 151 (0.9) 16618 (99.1)
Sex, male 49 (69.0) 4462 (69.9) 87 (57.6) 9486 (57.1)
Age group

0–19 years 17 (23.9) 1659 (26.0) 6 (4.0) 911 (5.5)
20–39 years 32 (45.1) 3131 (49.1) 33 (21.9) 6235 (37.5)
40–59 years 16 (22.5) 1192 (18.7) 53 (35.1) 6578 (39.6)
≥60 years 6 (8.5) 399 (6.3) 59 (39.1) 2894 (17.4)

Residence (urban) 64 (90.1) 5963 (93.5) 138 (91.4) 15215 (91.6)
Income level

Low 19 (26.8) 1478 (23.2) 42 (27.8) 3855 (23.2)
Middle 24 (33.8) 1957 (30.7) 40 (26.5) 4786 (28.8)
High 28 (39.4) 2946 (46.2) 69 (45.7) 7977 (48.0)

CCI without cancer
0 26 (36.6) 2298 (36.0) 32 (21.2) 4299 (25.9)
1 20 (28.2) 2220 (34.8) 45 (29.8) 5392 (32.5)
2 15 (21.1) 1041 (16.3) 34 (22.5) 3457 (20.8)
≥3 10 (14.1) 822 (12.9) 40 (26.5) 3470 (20.9)

Comorbidity disease
Hypertension 13 (18.3) 1078 (16.9) 54 (35.8) 5399 (32.5)
Diabetes 14 (19.4) 1315 (20.6) 46 (30.5) 4804 (28.9)
Cerebrovascular disease 1 (1.4) 68 (1.1) 3 (2.0) 353 (2.1)
Cardiovascular disease 0 (0.0) 77 (1.2) 3 (2.0) 349 (2.1)

CD, Crohn’s disease; UC, ulcerative colitis; CCI, Charlson comorbidity index.
Data are presented as n (%).
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Fig. 2. Kaplan-Meier survival curves of patients with Crohn’s disease depending on the use of immunomodulators. (A) Survival curve without adjust-
ment for immortal time bias. (B-E) Survival curves after application of the landmark method with various landmark time points: (B) 6 months, (C) 1 year, 
(D) 2 years, and (E) 3 years. 

od was used in this study. Landmark analysis is a method of 
establishing arbitrary landmark points and analyzing subjects 
exposed to drugs or treatments after that point by classifying 
them into non-exposure groups. Furthermore, if an event oc-
curs before the landmark time, the subject is excluded from the 
observation. When analyzed without applying the landmark 
method in the example shown in Supplementary Fig. 1 (only 
online), patients 2 and 3 were classified in the exposure group 
and would exhibit a longer survival advantage than the non-
exposure group during the time indicated by the dotted line. If 
the landmark point is set to L1 in the example presented in Sup-
plementary Fig. 1 (only online), patient 2 remains in the expo-
sure group, while patient 3 changes to the non-exposure group. 

In this study, landmark points were varied. The majority 

(86.86%) of the 5-ASA group initiated dosing within 1 month 
of cohort entry; therefore, the landmark time points were set to 
1 month, 2 months, 6 months, 1 year, 2 years, and 3 years (Sup-
plementary Tables 3 and 4, only online). In patients with CD, 
44.64% started using immunosuppressants within 6 months of 
cohort entry; therefore, landmark points were set for 6 months, 
1 year, 2 years, and 3 years.

RESULTS

In this study, 71 (1.1%) of the 6452 patients with CD and 151 
(0.9%) of the 16769 patients with UC developed colorectal can-
cer (Table 1). From the Cox proportional hazards model ad-
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justed for confounding variables, we obtained an HR value 
(ref=“non-exposure”) for the use of immunomodulators in pa-
tients with CD of 0.47 (95% CI, 0.28–0.78), highlighting a statis-
tically significant preventive effect against colorectal cancer 
(Table 2 and Fig. 2). However, upon applying the landmark 
method, HR values at each time point showed statistically in-
significant results. The log-rank test results were also insignifi-
cant after applying the landmark method.

In patients with UC, the HR value for those treated with 
5-ASA was 0.18 (95% CI, 0.09–0.35), and the HR value after ap-
plication of the 6-month landmark point was 0.58 (95% CI, 0.35–
0.97), indicating a statistically significant preventive effect (Ta-
ble 3 and Fig. 3). However, 5-ASA had no significant effect on 
the prevention of colorectal cancer in the rest of the landmark 
application models.

DISCUSSION

This study adopted a retrospective cohort research design us-
ing data obtained from the Korean Health Insurance Database 
from 2006 to 2015. In a cohort of patients with IBD, our objec-
tives were to determine whether there was a significant differ-
ence in the incidence of colorectal cancer depending on the use 
of drugs and to control for immortal time bias using the land-
mark method. A decade-long follow-up revealed colorectal 
cancer in 71 of 6452 patients (1.1%) with CD and 151 of 16769 
patients (0.9%) with UC, which is similar to incidence rates re-
ported in previous studies.18 

A Cox proportional hazards model adjusted for confound-
ing variables showed a 0.47 times lower risk ratio of colorectal 

cancer in patients with CD taking immunomodulators than in 
those not taking immunomodulators, which is consistent with 
the results of previous studies.18,25 However, after applying the 
landmark method, the result differed: HRs in models with vari-
ous landmark points, from 6 months to 3 years, were not statis-
tically significant. In the case of UC, the group exposed to 5-ASA 
showed a 0.18 times lower risk than the non-exposure group, 
which is consistent with previous studies.17,21 The landmark 
application results showed a significant preventive effect when 
set to 6 months; however, at other time points, the results were 
not statistically significant. Our findings indicate that cohort 
observational studies that seek to determine the efficacy of a 
drug might result in immortal time bias, which should be min-
imized. In support thereof, previous studies26,27 that conduct-
ed landmark analysis have also reported that results varied 
depending on the time of the landmark. One study26 that esti-
mated association between inhaled corticosteroids and all-
cause mortality among patients with chronic obstructive pulmo-
nary disease reported a significant effect when the landmark 
time point was set to 3 months; however, at 6, 9, and 12 months, 
the results were not statistically significant.

For studies that do not consider existing immortal time bias-
es, the possibility of biased results has been consistently high-
lighted by many fellow researchers.28-30 Researchers sometimes 
assume that if the immortal period is significantly shorter than 
the overall follow-up period for the outcome in cohort studies, 
the impact of any immortal time bias would have a negligible 
effect on the results.31 However, in our study, in 57% of the pa-
tients with CD, the first immunomodulator was prescribed 
within a year of inclusion in the cohort, which was a very short 
period compared to the entire follow-up period of 10 years. Nev-
ertheless, we confirmed the presence of immortal time bias 
and set a landmark time point to a short period of 6 months, 
which changed the outcome of the drug’s preventive effects. 
Other studies have consistently reported that immortal time 
bias sometimes has a strong influence on research outcomes 
and might reverse the results of observational studies.5,6,32,33

To minimize immortal time bias when using the landmark 
method, time point selection is important. In the case of pa-
tients with UC in this study, the results for the preventive effect 
of 5-ASA according to the landmark point selection differed. 
Therefore, consistent criteria without subjective involvement 
of the researchers are necessary when setting the landmark 
points. Additionally, the strength of the treatment effect, sam-
ple size reduction, risk change over time, natural course of the 
disease, proportion of censored data, and length of follow-up 
should be considered.26 It is also good to use multiple landmark 
time points for sensitivity analysis.26

This study had the advantage of including data for the entire 
Korean population during the study period; however, detailed 
clinical information for each patient was unavailable. One 
limitation could be that we did not consider the possibility of 
two or more kinds of drugs being prescribed for one patient. 

Table 3. HR and Log-Rank Test for 5-Aminosalicylic Acid Use in UC

Landmark 
Point

Exposure
Colorectal 

cancer HR (95% CI)
p 

value*

Log-rank 
test 

p valueYes No

Basic model
No     9 173 ref

0.003 <0.001
Yes 142 16445 0.18 (0.09–0.35)

1 month
No   29   2325 ref

0.052   0.029
Yes 106 14280 0.67 (0.44–1.00)

2 months
No   21   1928 ref

0.205   0.126
Yes 102 14665 0.74 (0.46–1.18)

6 months
No   18   1347 ref

0.036   0.015
Yes   99 15216 0.58 (0.35–0.97)

1 year
No   12     978 ref

0.091   0.050
Yes   93 15540 0.59 (0.32–1.09)

2 years
No     7     596 ref

0.130   0.071
Yes   79 15821 0.55 (0.25–1.19)

3 years
No     4     395 ref

0.294   0.166
Yes   68 15954 0.58 (0.21–1.60)

UC, ulcerative colitis; HR, hazard ratio; CI, confidence interval.
*By Cox proportional hazards models.
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Fig. 3. Kaplan-Meier survival curves of patients with ulcerative colitis depending on the use of 5-aminosalicylic acid. (A) Survival curve without ad-
justment for immortal time bias. (B-G) Survival curves after application of the landmark method with various landmark time points: (B) 1 months, (C) 2 
months, (D) 6 months, (E) 1 year, (F) 2 years, and (G) 3 years.
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Moreover, the landmark method is not the only means with 
which to control immortal time bias. Future studies will need to 
evaluate other methods, such as time-varying Cox models, and 

compare them with the landmark method. Lastly, we ana-
lyzed claims data with the possibility of coding errors. Howev-
er, we believe that determining IBD and colorectal cancer us-
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ing diagnostic codes shows favorable reliability in the Korean 
National Health Insurance Services database, as reported in a 
previous study.34

In conclusion, the use of immunomodulators in patients with 
CD had a significant effect on preventing colorectal cancer 
when analyzed using a Cox proportional hazards model; how-
ever, the effect was not statistically significant when landmark 
analysis was applied to minimize immortal time bias. The ef-
fect of preventing colorectal cancer following 5-ASA exposure 
in patients with UC was also significant in the basic model and 
at a 6-month landmark point; however, the effect was not sig-
nificant in the subsequent five landmark points. Our study con-
firmed that immortal time could bias findings if not properly 
controlled. If immortal bias is suspected in cohort studies on the 
effects of a drug or treatment, it would be beneficial to perform 
a landmark analysis with the selection of the appropriate time 
points.
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