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Background/Aims: Although anti-tumor necrosis factor (TNF) agents have been widely used to 
treat ulcerative colitis (UC), the real-world incidence of suboptimal response to anti-TNF agents 
has not been thoroughly investigated, especially among Asians.
Methods: Using the Korean National Health Insurance database, we collected data on UC pa-
tients who initiated anti-TNF agents between July 1, 2014, and June 30, 2017. We assessed 
suboptimal responses, including anti-TNF discontinuation or dose escalation, switching to other 
biologics, augmentation with a non-biologic therapy, and the requirement for colectomy.
Results: A total of 1,268 patients were included as new anti-TNF users (infliximab 713, adalim-
umab 433, golimumab 122). The proportion of patients who experienced at least one suboptimal 
response within 1 year among all patients was 63.5%, including 59.1%, 69.5%, and 68.0% of 
patients treated with infliximab, adalimumab, and golimumab, respectively. The cumulative inci-
dences of at least one suboptimal response over time were 41.5%, 63.7%, 80.5%, and 87.1% at 
6, 12, 24, and 36 months, respectively. Cox proportional hazards modeling revealed that adalim-
umab was associated with a higher risk of at least one suboptimal response (hazard ratio [HR], 
1.29; 95% confidence interval [CI], 1.13 to 1.48), dose escalation (HR, 4.35; 95% CI, 2.97 to 6.38) 
and discontinuation (HR, 1.25; 95% CI, 1.03 to 1.52) than infliximab. Golimumab was associated 
with a higher risk of switching to other biologics than infliximab (HR, 1.78; 95% CI, 1.21 to 2.60).
Conclusions: More than half of Korean UC patients had suboptimal responses to anti-TNF 
agents within 1 year. UC patients treated with infliximab might be less prone to suboptimal re-
sponses than those treated with adalimumab or golimumab. (Gut Liver 2021;15:867-877))
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INTRODUCTION

Ulcerative colitis (UC) is characterized by waxing and 
waning chronic inflammation involving the colon, and 
it is progressive in a substantial proportion of patients.1,2 
The incidence and prevalence of UC have steadily in-
creased among non-Caucasians, including Asians.3-5 In 
Korea, the age- and sex-adjusted mean annual incidence 
rate increased almost 20-fold, from 0.33/100,000 in 1986 
to 6.58/100,000 in 2015,6 and the standardized prevalence 
also increased from 41.41/100,000 in 2009 to 65.95/100,000 
in 2016.7

Anti-tumor necrosis factor (TNF) agents have revolu-
tionized UC therapy and are being increasingly used for 
patients with moderate to severe UC.2,8 With their increas-
ing use, anti-TNF agents have been reported to be key 
drivers of UC treatment costs in Europe and East Asia, 
including Korea.9-13 Therefore, the optimized use of anti-
TNFs has become crucial for mitigating this economic 
burden and for the proper allocation of UC management 
resources.

Despite the effectiveness of anti-TNF therapies, not 
all patients respond to anti-TNFs, and the risk of adverse 
events, such as infection or malignancy, has not been com-
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pletely resolved.14,15 Inadequate responses to, or adverse 
events associated with, anti-TNFs might necessitate stop-
ping anti-TNFs, switching to other biologics or small mol-
ecules, augmenting non-biologic drugs, escalating the anti-
TNF dose, or colectomy. Changes in anti-TNF treatment 
patterns and the requirement for colectomy are indicators 
of suboptimal responses of UC to anti-TNF therapies.

Suboptimal response indicators could be utilized to 
estimate the effective and safe use of biologics in the real-
world.16-20 However, only limited data are available on sub-
optimal responses to anti-TNF therapy among UC patients 
in Asia, especially in the era of biologics other than non-
anti-TNFs.21,22 We aimed to identify suboptimal responses 
to anti-TNF therapies and differences between anti-TNF 
agents for UC patients in Korea using nationwide popula-
tion-based data.

MATERIALS AND METHODS

1. Data source
The National Health Insurance database from the 

Health Insurance Review and Assessment Service (HIRA) 
in Korea contains approximately 50 million patients, which 
accounts for 98% of the entire population. The database 
includes claims from almost 80,000 healthcare providers 
across Korea. Analyses of this database can be generalized 
to the entire Korean population.23 

The study protocol was approved by the Institutional 
Review Boards of Asan Medical Center (IRB number: 
2019-1251) and Sungkyunkwan University (IRB number: 
SKKU 2019-03-009), who waived the requirement for in-
formed consent from study participants.

2. Study design and subjects
We conducted a retrospective cohort study using HIRA 

data from July 1, 2013, to June 30, 2018. Our study subjects 
were UC patients who started anti-TNF therapy between 
July 1, 2014, and June 30, 2017 and did not take any bio-
logic therapies or targeted biologic therapies for other 
diagnoses within the previous year. The follow-up starting 

date in this study—the index date—was defined as the first 
date when biologic therapy was prescribed. All patients 
were required to have data available for a minimum of 12 
months before the index date (baseline period) and 12 
months after the index date (follow-up period) (Fig. 1).

Patients were eligible if they met all of the following crite-
ria: at least one claim involving the K51.x International Clas-
sification of Diseases, 10th revision (ICD-10) code for UC 
during the study period, at least one claim for targeted bio-
logic therapy during the index period, a claim with an ap-
propriate diagnosis code for UC at the index date (the K51.x 
ICD-10 code and the V131 rare/intractable diseases patient 
support program registration code denote UC), and age ≥18 
years at the index date. Patients were excluded if they satis-
fied any of the following: had a claim for any biologic thera-
pies or tofacitinib (this criterion was to check whether or not 
biologic therapies had been used for new users only) during 
the baseline period, or had a claim with a diagnostic code 
for other indications of targeted biologic therapies (Supple-
mentary Table 1) during the baseline period.

3. Infliximab, adalimumab, and golimumab cohorts
Study subjects were classified into infliximab, adalim-

umab, and golimumab cohorts according to index anti-
TNF therapies. As index treatments were assorted accord-
ing to active substances, the infliximab cohort included 
patients who used infliximab biosimilars. For patients to 
be eligible, index treatments needed to be prescribed for 
UC and be reimbursed within the index period.

4. Study variables
1) Baseline characteristics 

We captured data on patient sex, age, Charlson comor-
bidity index, insurance type, medical facility type, and 
prior/concomitant treatments. Age, insurance type, and 
types of medical facilities were defined at the initiation of 
biologic therapy. Charlson comorbidity index scores were 
calculated with disease codes captured during the baseline 
period.24 Prior treatments were defined as conventional 
therapies prescribed within 90 days before the initiation of 
biologic therapy. Concomitant treatment was defined as 

July 2013 July 2014 June 2018June 2017

Index period

12-Month baseline period Follow-up period

Index date:
date of first prescription

of index treatment

Fig. 1.Fig. 1. Study design scheme.
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conventional therapies (5-aminosalicylic acids [5-ASA], 
corticosteroids, immunomodulators) prescribed within 
60 days after the initiation of biologic therapies. Types of 
conventional therapies were subdivided by formulations 
(systemic or topical for 5-ASAs/corticosteroids) or ingre-
dients (thiopurines, calcineurin inhibitors, or methotrexate 
for immunomodulators).

2) Suboptimal response 
Indicators of suboptimal responses included discon-

tinuation of anti-TNF agents, switching to other biologics, 
augmentation, dose escalation of anti-TNF, and colectomy. 
At least one suboptimal treatment was identified based on 
the suboptimal event that first occurred. Discontinuation 
of anti-TNF was defined as a gap of ≥90 days between the 
expected last day of supply of an anti-TNF prescription 
and the next prescription, with no prescriptions of any bio-
logic therapies during the gap. The date of discontinuation 
was defined as the last day of supply of the index treatment 
prescription just before the gap. Switching was defined as 
a transition from the index treatment to another biologic 
therapy (switched treatment) within 90 days after the pre-
scription of the index treatment. The switching date was 
the date of the first prescription of the switched treatment. 
Augmentation was defined as an addition of conventional 
therapies. To differentiate from concomitant treatment 
with anti-TNF agents, we observed augmentation from 
the end of the observation period for concomitant treat-
ments (within “index date+60 days”). Additionally, to be 
considered augmentation, the prescription of conventional 
medication for more than 28 days, together with index 
treatment, was required. Augmented treatments were also 
required to have not been prescribed within 90 days pre-
ceding the date of adding conventional drugs. The addition 
of conventional drugs of the same type with concomitant 
drugs (i.e., augmentation of topical 5-ASA in a case already 
under topical 5-ASA as concomitant treatment) was not 
considered augmentation. The date of augmentation was 
defined as the date when the added conventional thera-
pies were first prescribed. Anti-TNF dose escalation was 
defined as a dose increase during the maintenance phase 
resulting in doubling the dose (in terms of amount or 
frequency) relative to the recommended standard mainte-
nance dose for UC. The maintenance phase depended on 
the index treatments (infliximab: after three doses within 
14 weeks; adalimumab: after five doses with 10 weeks; 
golimumab: after four doses within 14 weeks). The date 
of dose escalation was the date of first prescription of the 
increased anti-TNF dose. Colectomy was defined as the 
performance of colonic resectional surgery for UC (Sup-
plementary Table 2). Colectomy date was the date of the 

first UC-related operation.

3) Follow-up 
The study patients were followed until the last day of 

observation (June 30, 2018) or the development of a sub-
optimal response.

5. Statistical analysis
Baseline characteristics are expressed as numbers with 

percentages, or means with standard deviations. Also, 
we summarized the occurrence of suboptimal responses 
during the first year after initiating biologic therapy as 
the number of patients and percentage. The chi-square or 
analysis of variance tests were conducted for comparing 
the differences in baseline characteristics and suboptimal 
responses during the first year among the three cohorts. 
Time to occurrence of a suboptimal response was expressed 
as median with interquartile range (IQR). The cumulative 
suboptimal response incidence at 6, 12, 18, 24, 30, and 36 
months was estimated using the Kaplan–Meier method, 
and times to occurrences of suboptimal responses were 
compared between cohorts using the log-rank test. To es-
timate the hazard ratios (HRs) of each suboptimal event 
among users of adalimumab and golimumab, compared 
with those of infliximab, the Cox proportional hazards 
models were used, with adjustments for covariates, includ-
ing age, sex, Charlson comorbidity index score, insurance 
type, types of medical facilities, use of prior treatments by 
each type (5-ASA, corticosteroids, immunomodulators), 
and use of concomitant treatments by each type (5-ASA, 
corticosteroids, immunomodulators). All analyses were 
performed using SAS 9.4 software (SAS Institute, Cary, 
NC, USA), and p-values <0.05 was deemed to be statisti-
cally significant.

RESULTS

1. Baseline characteristics
A total of 1,268 patients were identified through patient 

selection criteria, and patients were allocated to inflix-
imab cohort (n=713), adalimumab cohort (n=433), and 
golimumab cohort (n=122) (Fig. 2). Baseline characteris-
tics are summarized in Table 1. Patients in the infliximab 
cohort were more frequently prescribed anti-TNF agents 
at tertiary hospitals. Over 90% of the patients had been 
previously treated with 5-ASA. Corticosteroids were previ-
ously given to 77.4% of patients and immunomodulators 
to 52.8%. The proportions of patients who concomitantly 
used 5-ASA, corticosteroids, and immunomodulators were 
90.3%, 55.1%, and 55.1%, respectively.
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2. Suboptimal response during the first year after 
initiating anti-TNF therapy
During the first year after initiating anti-TNF therapy, at 

least one suboptimal response to anti-TNF agents occurred 
in 805 patients (63.5%). The most common subtype of 
suboptimal response indicator was augmentation of con-
ventional therapies (25.3%), followed by discontinuation 
of anti-TNFs (25.0%). Colectomy was required in only 12 
patients (1.0%). The proportion of patients experiencing at 
least one suboptimal response to infliximab was lower than 
that for the other agents (infliximab, 59.1%; adalimumab, 
69.5%; golimumab, 68.0%; p<0.001). Switching from index 
treatment to another biologic treatment tended to occur 
more frequently in the golimumab cohort (p=0.015). Cor-
ticosteroids were the most frequently prescribed agents for 
non-biologic augmentation (46.4%). Dose escalation was 
performed in 16.2% of the adalimumab cohort, which was 
a significantly higher proportion than the other two co-
horts (p<0.001) (Table 2). 

3. Cumulative incidences of suboptimal responses
The cumulative incidences of suboptimal responses 

were 41.5%, 63.7%, 74.3%, 80.5%, 84.8%, and 87.1% at 6, 
12, 18, 24, 30, and 36 months, respectively. The cumulative 
incidences of suboptimal response and subtypes of subop-
timal response according to cohort over time are presented 
in Fig. 3. The median time to suboptimal response was 
241 days (IQR, 104 to 468 days) (infliximab cohort: 280 
days [IQR, 106 to 520 days]; adalimumab cohort: 213 days 
[IQR, 99 to 418 days]; golimumab cohort: 199 days [IQR, 
97 to 407 days]), and the time to suboptimal response was 
significantly different among the cohorts (p=0.003). The 
time to suboptimal response was significantly longer in the 
infliximab cohort compared with the adalimumab cohort 
(p<0.001), but not different between the infliximab and 
golimumab cohorts (p=0.151) or between the adalimumab 
and golimumab cohorts (p=0.674).

4. Risk of suboptimal response by index treatment
The multivariable Cox proportional hazard model to 

compare the suboptimal response risks revealed that the 
adalimumab cohort was significantly more likely to experi-
ence at least one suboptimal response than the infliximab 
cohort (HR, 1.29; 95% confidence interval [CI], 1.13 to 

713 Infliximab
cohort*

433 Adalimumab
cohort

122 Golimumab
cohort

2,187 Patients who are >18 years of age on the index date

2,357 Patients with diagnosis codes for UC at index date
K51.x of ICD-10 code and V131 of rare/intractable

diseases patient support program registration code

2,735 Patients who have at least one claim for
biologics during index period

136,879 Patients who have at least one claim with code for
UC (K51.x of ICD-10) during study period

1,268 UC patients who newly initiated treatment with biologics
(infliximab, adalimumab or golimumab)

Exclusion criteria
719 Patients who have claim for any biologics or

tofacitinib during baseline period
200 Patients who have a claim with a diagnosis code for

other indications of biologics targeted in this study

Fig. 2.Fig. 2. Patient selection. 
UC, ulcerative colitis; ICD-10, International Classification of Diseases, 10th revision. *Since index treatments were extracted based on active sub-
stances, the infliximab cohort included patients who used infliximab biosimilars.
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Table 1.Table 1. Baseline Characteristics of Ulcerative Colitis Patients Newly Initiated on Biologic Therapies

Characteristics
All patients
(n=1,268)

By cohort

Infliximab (n=713) Adalimumab (n=433) Golimumab (n=122) p-value

Female sex 472 (37.2) 274 (38.4) 159 (36.7) 39 (32.0) 0.380
Age, yr 43.55±15.30 43.59±15.30 43.72±15.40 42.70±14.90 0.803
   18–29 287 (22.6) 161 (22.6) 95 (21.9) 31 (25.4) 0.961
   30–39 230 (18.1) 129 (18.1) 79 (18.2) 22 (18.0)
   40–49 284 (22.4) 158 (22.12) 101 (23.3) 25 (20.5)
   50–64 346 (27.3) 193 (27.1) 117 (27.0) 36 (29.5)
   ≥65 121 (9.5) 72 (10.1) 41 (9.5) 8 (6.6)
CCI 1.19±1.30 1.17±1.30 1.23±1.40 1.16±1.10 0.737
   0 460 (36.3) 261 (36.6) 157 (37.3) 42 (34.4) 0.991
   1 415 (32.7) 233 (32.7) 142 (32.8) 40 (32.8)
   ≥2 393 (31.0) 219 (30.7) 134 (31.0) 40 (32.8)
Insurance types 0.596
   National Health Insurance 1,242 (98.0) 696 (97.6) 425 (98.2) 121 (99.2)
   Medical aid  26 (2.1) 17 (2.4) 8 (1.9) 1 (0.8)
Types of medical institution <0.001
   Tertiary hospitals 783 (61.8) 480 (67.3) 236 (54.5) 67 (54.9)
   General hospitals 395 (31.2) 186 (26.1) 178 (41.1) 31 (25.4)
   Hospitals 71 (5.6) 34 (4.8) 16 (3.70) 21 (17.2)
   Clinics 19 (1.5) 13 (1.8) 3 (0.7) 3 (2.5)
Prior treatments*
   None  36 (2.8) 21 (3.0) 11 (2.5) 4 (3.3) 0.880
   At least 1 unique type of treatment 1,232 (97.2) 692 (97.1) 422 (97.5) 118 (96.7)
      With 1 unique type of treatment  140 (11.0) 85 (11.9) 21 (9.5) 14 (11.5)
      With 2 unique types of treatment 590 (46.5) 317 (44.5) 216 (49.9) 57 (46.7)
      With 3 unique types of treatment 502 (39.6) 290 (40.7) 165 (38.1) 47 (38.5)
Use of prior treatments by type*
   5-ASA 1,175 (92.7) 649 (91.0) 409 (94.5) 117 (95.9) 0.034
      Oral 1,140 (89.9) 631 (88.5) 395 (91.2) 114 (93.4) 0.131
      Topical  655 (51.7) 353 (49.5) 231 (53.4) 71 (58.2) 0.142
   Corticosteroids  981 (77.4) 560 (78.5) 334 (77.1) 87 (71.3) 0.209
      Systemic  960 (75.7) 552 (77.4) 323 (74.6) 85 (69.7) 0.146
      Topical  172 (13.6) 95 (13.3) 58 (13.4) 19 (15.6) 0.792
   Immunomodulators 670 (52.8) 380 (53.5) 225 (52.0) 65 (53.3) 0.904
      Thiopurine 667 (52.6) 379 (53.2) 223 (51.5) 65 (53.3) 0.852
      Calcineurine inhibitors  3 (0.2) 1 (0.1) 2 (0.5) 0 0.676†

      Methotrexate  1 (0.1) 0 1 (0.2) 0 0.438†

Concomitant treatments*
   None  38 (3.0)  19 (2.7) 17 (3.9) 2 (1.6) 0.312
   At least 1 unique type of treatment 1,230 (97.0) 694 (97.3) 416 (96.1) 120 (98.4)
      With 1 unique type of treatment  279 (22.0) 163 (22.9) 91 (21.0) 25 (20.5)
      With 2 unique types of treatment  589 (46.5) 340 (47.7) 186 (43.0) 63 (51.6)
      With 3 unique types of treatment  362 (28.6) 191 (26.8) 139 (32.1) 32 (26.2)
Use of concomitant treatments by type*
   5-ASA 1,145 (90.3) 641 (90.0) 391 (90.3) 113 (92.6) 0.644
      Oral 1,115 (87.9) 623 (87.4) 384 (88.7) 108 (88.5) 0.788
      Topical  475 (37.5) 254 (35.6) 169 (39.0) 52 (42.6) 0.238
   Corticosteroids  699 (55.1) 352 (49.4) 272 (62.8) 75 (61.5) <0.001
      Systemic  657 (51.8) 327 (45.9) 259 (59.8) 71 (58.2) <0.001
      Topical 111 (8.8)  60 (8.4) 43 (9.9) 8 (6.6) 0.452
   Immunomodulators 699 (55.1) 423 (59.3) 217 (50.1) 59 (48.4) 0.003
      Thiopurine 691 (54.5) 419 (58.8) 213 (49.2) 59 (48.4) 0.003
      Calcineurine inhibitors  4 (0.3)  2 (0.3)  2 (0.5) 0 0.757†

      Methotrexate 7 (0.6)  4 (0.6)  2 (0.5) 1 (0.8) 0.773†

Data are presented as number (%) or mean±SD. p-values were calculated with the chi-square or ANOVA tests depending on whether the variables 
were continuous or categorical.
CCI, Charlson comorbidity index; 5-ASA, 5-aminosalicylic acid; ANOVA; analysis of variance.
*Including 5-ASA, corticosteroids, immunomodulators as types, not subdividing by formulation or detailed ingredients; †Fisher exact test.
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1.48). Regarding subtypes of suboptimal response indica-
tors, the adalimumab cohort had a significantly higher risk 
of drug discontinuation (HR, 1.25; 95% CI, 1.03 to 1.52) 
and dose escalation (HR, 4.35; 95% CI, 2.97 to 6.38) com-
pared with the infliximab cohort. On the other hand, the 
golimumab cohort had a significantly higher risk than the 
infliximab cohort of switching to other biologics (HR, 1.78; 
95% CI, 1.21 to 2.60) (Table 3).

DISCUSSION

Our nationwide population-based study found that ap-
proximately two-thirds of UC patients experienced at least 
one suboptimal response within the first year of initiating 
anti-TNF therapies and that the proportion of patients 
with at least one suboptimal response steadily increased 
over time, reaching 90% at 36 months. The main subtypes 
of suboptimal response indicators were augmentation with 
conventional therapies and discontinuation of anti-TNF 
agents. Infliximab was associated with a lower suboptimal 
response risk than adalimumab or golimumab.

The risk of suboptimal response to anti-TNFs in our 
study appears to be largely similar to findings from the 
Western world.17,18 A previous study using a U.S. com-
mercial claims database from 2005 and 2013 showed that 
72% and 91% of patients with UC experienced at least one 

suboptimal response after 12 and 36 months, respectively; 
these figures were numerically slightly higher than those 
observed in our study.17 In contrast, a multinational study 
using UC patient data from Canada, France, Germany, 
Italy, Spain, and the United Kingdom reported that 64.1% 
of anti-TNF initiators experienced at least one suboptimal 
response within 2 years, which was lower than the fre-
quencies from the U.S. study and those from our study.17,18 
However, disease-related urgent care was included as a 
suboptimal response indicator, and augmentation included 
a wider range of drugs, such as antibiotics, likely contribut-
ing to the higher rates of suboptimal responses in the U.S. 
study compared with ours.17 Different study populations as 
well as differences in the study periods; and definitions of 
discontinuation, augmentation, and practice pattern might 
also have contributed to the differing results.17,18 A previous 
Korean study utilizing the Korean National Health Insur-
ance claims database reported that among 807 UC patients 
who initiated anti-TNFs between 2010 and 2012, 72.6% 
experienced non-persistence of the drugs.21 Despite some 
numerical differences in the incidences of suboptimal 
therapy with anti-TNF agents, the present study and previ-
ous studies are generally consistent in that more than half 
of UC patients experience suboptimal responses after ini-
tiating biologic therapies, highlighting the unmet need in 
the treatment of patients with moderate to severe UC.17,18,21

The frequencies of indicators of suboptimal anti-TNF 

Table 2.Table 2. Suboptimal Response Indicators within 1 Year after Initiating Biologic Therapies in Ulcerative Colitis Patients

Indicator
All patients
(n=1,268)

By cohort

Infliximab
(n=713)

Adalimumab
(n=433)

Golimumab
(n=122)

p-value

At least 1 suboptimal measures 805 (63.5) 421 (59.1) 301 (69.5) 83 (68.0) <0.001
Discontinuation 317 (25.0) 176 (24.7) 109 (25.2) 32 (26.2) 0.931
Switching 208 (16.4) 114 (16.0) 63 (14.6) 31 (25.4) 0.015
   to infliximab 68 (32.7) 0 48 (76.2) 20 (64.5)
   to adalimumab 110 (52.9) 99 (86.8) 0 11 (35.5)
   to golimumab 30 (14.4) 15 (13.2) 15 (23.8) 0
Augmentation 321 (25.3) 179 (25.1) 117 (27.0) 25 (20.5) 0.336
   5-ASA 34 (10.6) 16 (8.9) 12 (10.3) 6 (24.0)
      Oral 2 (0.6) 0 1 (0.9) 1 (4.0)
      Topical 32 (12.0) 16 (8.9) 11 (9.4) 5 (20.0)
   Corticosteroids 149 (46.4) 81 (45.3) 57 (48.7) 11 (44.0)
      Systemic 118 (36.8) 69 (38.6) 40 (34.2) 9 (36.0)
      Topical 31 (9.7) 12 (6.7) 17 (14.5) 2 (8.0)
   Immunomodulators 138 (43.0) 82 (45.8) 48 (41.0) 8 (32.0)
      Thiopurine 134 (41.7) 79 (44.1) 47 (40.2) 8 (32.0)
      Calcineurine inhibitors 1 (0.3) 1 (0.6) 0 0
      Methotrexate 3 (0.9) 2 (1.1) 1 (0.9) 0
Dose escalation 102 (8.0) 27 (3.8) 70 (16.2) 5 (4.1) <0.001
Colectomy 12 (1.0) 7 (0.9) 4 (0.9) 1 (0.8) >0.999*

Data are presented as number (%).
5-ASA, 5-aminosalicylic acid.
*Fisher exact test.
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therapy were similar between previous Western stud-
ies and our study, except that fewer patients in our study 
experienced anti-TNF dose escalation.17,18 The limited 
reimbursement for infliximab and golimumab dose escala-

tion in contrast with adalimumab for UC in Korea might 
have been responsible for the low rates of dose escalation. 
However, even for adalimumab, dose escalation occurred 
for less than 20% of patients. Insufficient awareness of the 

Fig. 3.Fig. 3. Cumulative incidences of suboptimal responses by cohorts. (A) Cumulative incidence of suboptimal responses in all cohorts. (B) Cumulative 
incidence of suboptimal responses in infliximab cohort. (C) Cumulative incidence of suboptimal responses in adalimumab cohort. (D) Cumula-
tive incidence of suboptimal responses in golimumab cohort. Since no more suboptimal events in the golimumab cohort were detected after 18 
months, the figures for the golimumab cohort are presented only until 18 months.
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benefits of adalimumab dose escalation or preferences 
for other biologic options might have been related with a 
lower rate of weekly dosing of adalimumab.25,26

There have been several previous studies comparing the 
risk of suboptimal responses according to biologic thera-
pies for patients with UC. In a U.S. retrospective study 
using the Truven MarketScan database, the persistence 
rates of infliximab, adalimumab, and golimumab did not 
significantly differ from one another.20 In a recent nation-
wide Korean study comparing 630 patients prescribed 
infliximab and 232 patients prescribed adalimumab as the 
first anti-TNF agent for UC, there were no differences in 
colectomy rates, emergency room visits, hospitalization, 
and corticosteroid rescue.27 However, other outcomes, such 
as drug persistence and switching to other biologics, were 
not evaluated in that study.27 In another Korean study, UC 
patients treated with infliximab had a lower risk of drug 
discontinuation than those treated with golimumab, as 
well as a lower risk of switching than patients treated with 
adalimumab and golimumab.22 Reasons for the superior-
ity of infliximab compared with other anti-TNF agents in 
terms of persistence and effectiveness have been hypothe-
sized. Recent network meta-analyses on bio-naïve patients 

with UC have reported that infliximab was better than 
adalimumab for inducing clinical remission or responses 
and endoscopic improvement or mucosal healing,28-30 and 
infliximab was also superior to golimumab for inducing 
endoscopic improvement or mucosal healing.29,30 Regard-
ing safety, a meta-analysis31 and a Danish nationwide 
study32 demonstrated that infliximab-based therapy was 
associated with a lower risk of serious infections compared 
with adalimumab-based therapy among patients with UC. 
These results could partially explain the differences in 
suboptimal response frequencies between the three-drug 
groups in our study. However, because detailed reasons for 
discontinuing and switching of drugs cannot be evaluated 
from our study design, further research connecting claims 
data and patient-level data are required.

The major strength of our study is that we used the 
HIRA database based on a single-payer public medical 
insurance system in Korea combined with a rare/intrac-
table diseases patient support program. Because almost all 
Korean patients are covered by the unified public medical 
insurance system provided by the Korean government, and 
the cost of UC management can be reimbursed with a 10% 
co-payment only after registration in the rare/intractable 

Table 3.Table 3. Cox Proportional Hazards Regression for the Risk of Each Suboptimal Response Indicator among the Biologic Therapies

Suboptimal response indicator
Univariable analysis Multivariable analysis*

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

At least 1 suboptimal response 　

   Infliximab Reference Reference
   Adalimumab 1.25 (1.10–1.43) <0.001 1.29 (1.13–1.48) <0.001
   Golimumab 1.18 (0.95–1.47) 0.139 1.19 (0.95–1.49) 0.130
Discontinuation 　

   Infliximab Reference Reference
   Adalimumab 1.28 (1.06–1.54) 0.012 1.25 (1.03–1.52) 0.023
   Golimumab 0.97 (0.67–1.39) 0.848 0.89 (0.61–1.30) 0.546
Switching 　

   Infliximab Reference Reference
   Adalimumab 0.88 (0.65–1.17) 0.372 0.81 (0.60–1.09) 0.169
   Golimumab 1.84 (1.27–2.66) 0.001 1.78 (1.21–2.60) 0.003
Augmentation 　

   Infliximab Reference Reference
   Adalimumab 1.01 (0.84–1.22) 0.903 1.13 (0.92–1.37) 0.238
   Golimumab 0.76 (0.52–1.11) 0.159 0.89 (0.61–1.32) 0.571
Dose escalation 　

   Infliximab Reference Reference
   Adalimumab 4.15 (2.87–5.60) <0.001 4.35 (2.97–6.38) <0.001
   Golimumab 1.27 (0.57–2.84) 0.558 1.33 (0.59–3.02) 0.494
Colectomy 　

   Infliximab Reference Reference
   Adalimumab 1.32 (0.49–3.55) 0.583 1.48 (0.54–4.05) 0.443
   Golimumab 0.84 (0.11–6.72) 0.873 0.80 (0.10–6.60) 0.832

CI, confidence interval.
*Hazard ratios estimated with multivariable analysis were adjusted for covariates such as sex, age, Charlson comorbidity index score, insurance 
type, type of medical facilities, concomitant treatments, and prior treatments.
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diseases patient support program, our findings could be 
generalized to the entire population of patients with UC 
receiving anti-TNF treatment in Korea. Secondly, because 
universal reimbursement criteria are applied for patients 
in Korea, UC patients in our study were likely to have re-
ceived relatively uniform disease management. Thirdly, 
we comprehensively evaluated indicators of suboptimal 
responses to anti-TNF therapy for UC patients, including 
discontinuation, switching, augmentation of conventional 
therapy, dose escalation, and colectomy, and this is the first 
report of its kind to date at a nationwide population level. 
However, several limitations also should be noted. First 
of all, this study could not control all factors potentially 
affecting suboptimal events, since only the prescription 
information was available for analysis with the HIRA data. 
Even though characteristics of UC patients who received 
biologic therapies are expected to be similar when consid-
ering the universal reimbursement criteria for biologic ther-
apy and baseline characteristics observed, other factors such 
as duration of UC, extent of UC, disease severity, adherence 
to drugs, anti-TNF serum levels, distinction between origi-
nal and biosimilar infliximab, could not be captured be-
cause our study was limited by the information available in 
the database. These variables might have affected the sub-
optimal responses to anti-TNF agents. Similarly, detailed 
clinical and objective measures of treatment responses at 
an individual patient level were not available in the claims 
data. Through future studies such as the MOSAIK cohort 
study, which is a prospective cohort study that collects de-
tailed characteristics of patients and disease including UC 
extent and severity to search for disease course, treatment 
response, and prognostic factors, the limitations of the 
current study based on the claims database could be over-
come and more information on the real-life effectiveness 
of biologics for UC patients could be provided.33 Addition-
ally, non-reimbursed healthcare resources were not avail-
able in the HIRA database and not identified in this study. 
However, due to the high cost of anti-TNF agents, there 
would have been virtually no cases of self-paid treatment 
with anti-TNFs. Next, the study medications were included 
only after reimbursement during the study period. There 
were fewer patients in the golimumab cohort, and patients 
treated with golimumab had a shorter follow-up duration 
than those in the infliximab and adalimumab cohorts, due 
to late reimbursement in Korea (infliximab in October 
2010, adalimumab in July 2013 and golimumab in April 
2015). Thus, the follow-up durations for patients in the 
golimumab cohort were inevitably limited. Therefore, if the 
effectiveness of golimumab is investigated with a sufficient 
sample size for a longer follow-up period, the results could 
be different from those of the current study. Additionally, 

because vedolizumab was reimbursed in August 2017, it 
was not included as an index treatment in the present study. 
Lastly, caution should be taken when applying our results to 
other patient populations, considering differences in medi-
cal care systems, genetics, and disease characteristics.

In conclusion, this nationwide population-based study 
showed the real-life incidences of suboptimal responses 
to anti-TNF therapy and their detailed features. These 
findings could be helpful for estimating the effectiveness 
and safety of anti-TNF therapies and also for supporting 
decision-making regarding treatment strategies for UC pa-
tients in the real-world.
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