Gut and Liver
https://doi.org/10.5009/gnl19433
pISSN 1976-2283 elSSN 2005-1212

L)

Check for
updates

Original Article

Comparison of Long-term Outcomes of Infliximab versus
Adalimumab Treatment in Biologic-Naive Patients with

Ulcerative Colitis

Yong Il Lee, Yehyun Park, Soo Jung Park, Tae Il Kim, Won Ho Kim, and Jae Hee Cheon

Department of Internal Medicine and Institute of Gastroenterology, Yonsei University College of Medicine, Seoul, Korea

See editorial on page 149.

Article Info

Received December 23, 2019
Revised April 1, 2020
Accepted April 16, 2020
Published online July 6, 2020

Corresponding Author

Jae Hee Cheon
ORCID https://orcid.org/0000-0002-2282-8904
E-mail geniushee@yuhs.ac

Background/Aims: The tumor necrosis factor-a inhibitors infliximab and adalimumab are stan-
dard treatments for moderate to severe ulcerative colitis (UC). However, there has been no head-
to-head comparison of treatment efficacy and outcomes between the two agents. The aim of
this study was to compare the efficacy and long-term outcomes of infliximab versus adalimumab
treatment in biologic-naive patients with UC.

Methods: We retrospectively analyzed the records of 113 biologic-naive patients with UC who
were treated between September 2012 and December 2017 (the infliximab group [n=83] and the
adalimumab group [n=30]). We compared remission and response rates between these groups
at 8 and 52 weeks. We used Kaplan-Meier curves to compare long-term outcomes, and logistic
regression analysis and Cox-proportional hazard regression models to assess factors affecting
outcomes.

Results: The median follow-up duration was 25.8 months. Baseline clinical characteristics were
similar between groups. There were no significant differences between the two groups in the rate
of clinical remission or clinical response at 8 or 52 weeks. Multivariate analyses also showed
that long-term outcomes were not significantly different (adjusted hazard ratio [HR], 1.45; 95%
confidence interval [Cl], 0.81 to 2.56; p=0.208). An elevated C-reactive protein level (greater than
5 mg/L) was a significant predictive factor for poor outcomes (adjusted HR, 2.25; 95% Cl, 1.37
to 3.70; p=0.001). During the follow-up period, the rates of adverse event were not significantly
different between the two groups (p=0.441).

Conclusions: In our study, infliximab and adalimumab had similar treatment efficacy and long-
term outcomes in biologic-naive patients with moderate to severe UC. (Gut Liver 2021;15:232-
242)
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inhibitors, such as infliximab and adalimumab, is one of

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory disease
characterized by mucosal inflammation which progresses
gradually from the rectum to the proximal segments of the
colon. UC is characterized by a disease course of exacerba-
tion, relapse, and remission." Therefore, the main goal of
treatment is to induce and maintain steroid-free clinical
remission.

Biologic therapy with tumor necrosis factor (TNF)-a

the most effective modes of treatment for moderate to
severe UC.”” Several pivotal randomized controlled trials
(RCTs) have demonstrated the efficacy of infliximab and
adalimumab in UC patients. In 2005, the Active Ulcerative
Colitis Trials (ACT-1 and ACT-2) reported that infliximab
was effective for clinical remission and response in moder-
ate to severe UC patients at 8 and 52 weeks.’ In 2011 and
2012, the Ulcerative Colitis Long Term Remission and
Maintenance with Adalimumab (ULTRA-1 and -2) trials
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reported higher efficacy of adalimumab than a placebo for
clinical remission and response rates at 8 and 52 weeks.™*
Although RCTs provide the highest level of evidence,
patients included in such trials are not representative of the
“real-world” population.® A study showed that only 26% of
moderate to severe UC patients who presented to a tertiary
care unit met the Food and Drug Administration approved
selection criteria for RCTs.” Therefore, direct application of
the results of RCTs in clinical practice is limited.
Furthermore, there have been no head-to-head trials
which directly compare the long-term outcomes of inflix-
imab and adalimumab in moderate to severe UC patients.
Most studies comparing the agents are indirect compara-
tive meta-analyses.” " There are also several studies based
on health claims data and retrospective studies to compare
the efficacy of both infliximab and adalimumab in UC pa-

. 12-16
tients.

However, interpretation of the results is limited
because the studies did not correlate the selection criteria
and comparison methods.

Therefore, the aim of this study was to compare clinical
remission and response rates of infliximab and adalim-
umab using an objective Disease Activity Score based on
the recent guidelines, and to compare long-term outcomes

between both agents in moderate to severe UC patients.

MATERIALS AND METHODS

1. Patient identification

This is a retrospective single-center cohort study that
analyzed the medical records of patients who were diag-
nosed with UC and had infliximab or adalimumab therapy
between August 2012 and December 2017, at a high-vol-
ume tertiary referral center in Korea. The Korea Food and
Drug Administration approved the use of infliximab and
adalimumab in UC patients in May 2007 and August 2012,
respectively.

Eligible patients had at least 3 months follow-up from
the initiation of TNF-q inhibitor therapy, and with com-
plete follow-up medical records. Exclusion criteria were as
follows: (1) patients who were not TNF-¢ inhibitor naive;
(2) TNF-q inhibitor therapy for diseases other than UC
(i.e., those who received treatment for ankylosing spon-
dylitis or rheumatoid arthritis); (3) diagnosis of Crohn’s
disease or indeterminate type of inflammatory bowel
disease; or (4) previous colectomy. Fig. 1 shows the flow
of study cohort enrollment and identification of UC in
TNF-o inhibitor naive patients. In case of acute severe UC,
only infliximab is indicated. Therefore, patients with acute
severe colitis were excluded from the study. This study was
performed in accordance with the ethical guidelines of the

Declaration of Helsinki. It was also approved by the Insti-
tutional Review Board of Severance Hospital (IRB number:
4-2019-0843). This study was a retrospective study and
informed consent was waived.

2. Patient characteristics

Patients were grouped according to the type of TNF-o
inhibitor therapy that they received (infliximab or adali-
mumab). Patients treated with infliximab received intra-
venous induction therapy (5 mg/kg) at 0, 2, and 6 weeks,
and received subsequent maintenance therapy (5 mg/kg)
at 8-week intervals. Patients treated with adalimumab
received subcutaneous induction therapy (160 mg) at
week 0, and 80 mg at week 2, and received subsequent
maintenance therapy (40 mg) at 2-week intervals. Baseline
characteristics, including age, sex, smoking history, and
body mass index were collected at the initiation of TNF-a
inhibitor treatment. Concomitant medications were as fol-
lows: aminosalicylates (mesalazine, sulfasalazine, 5-amino-
salicylic acids, balsalazide), corticosteroids (prednisolone,
methylprednisolone, hydrocortisone), and immunomodu-
lators (azathioprine, 6-mercaptopurine, methotrexate).
Concomitant medications included only those taken
within 1 week prior to administration of TNF-¢ inhibi-
tor. To compare objective disease severity between the two
groups, we investigated the following baseline biochemi-
cal parameters: C-reactive protein (CRP), hemoglobin
levels, albumin levels, and erythrocyte sedimentation rate,
which reflect the disease activity of UC. Disease extent was
determined based on endoscopic and radiologic image re-
sults.”” In some cases, we were unable to include complete
endoscopic data because of the poor physical condition of
the patient disallowed endoscopy or due to varying follow-
up endoscopic schedules. Endoscopic severity data was
not obtained for 33 patients. Therefore, endoscopic UC
severity score was excluded from comparisons of baseline
characteristics. To compare the baseline disease activity
of the two groups, we assessed and compared the partial
Mayo score."®* The partial Mayo score includes stool fre-
quency subscore, rectal bleeding subscore, and physician’s
global assessment subscore. Extraintestinal manifestations
at joint, skin, or mouth were also analyzed.

3. Outcome measures

Primary endpoints were clinical remission and response
at 8 and 52 weeks. Clinical remission was defined as a par-
tial Mayo score <1 point. Clinical response was defined as
a decrease from baseline in the partial Mayo score by at
least two points, which is based on Selecting Therapeutic
Targets in Inflammatory Bowel Disease guideline.” Total
Mayo score is primarily used to evaluate treatment re-
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Fig. 1. Flowchart of study cohort enrollment and identification of ulcerative colitis (UC) in biologic-naive patients treated with tumor necrosis

factor-o. [TNF-oJ inhibitors infliximab or adalimumab.

sponse."” However, due to incomplete endoscopic subscore
data in clinical practice, the total Mayo score often cannot
be used to identify treatment response. In those cases, the
partial Mayo score can be used to assess clinical response
and remission, and correlates highly with the total Mayo
score.'*” Therefore, we compared clinical remission and
clinical response rates using the partial Mayo score. Pa-
tients who achieved clinical remission or clinical response
at 8 and 52 weeks, both were considered to be in sustained
clinical remission or sustained clinical response. Patients
who underwent colectomy during the follow-up period,
discontinued TNF-q, inhibitor treatment, or switched to
another TNF-q inhibitor were considered to have failed
to achieve remission or response and were censored. If an
adverse event occurred after at least one TNF-¢ inhibitor
administration, it was considered to be a TNF-¢ inhibitor-
related side effect.

Secondary endpoints were (1) all-cause hospitaliza-
tion; (2) UC-related hospitalization (with UC either as
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the primary diagnosis, or as a secondary diagnosis if the
primary diagnosis was related to a gastrointestinal symp-
tom such as abdominal pain, diarrhea, nausea, vomiting,
constipation, gastrointestinal bleeding); (3) corticosteroid
use at least 60 days after the initiation of TNF-q inhibitor
therapy (to minimize confounding and misclassification by
disease severity); (4) discontinuation of TNF-q inhibitor
therapy (who were not prescribed more than 12 weeks); (5)
switching to a secondary TNF-q inhibitor; and (6) poor
outcomes. Hospitalization did not include hospitalization
at the initiation of treatment. We also evaluated factors that
could predict clinical outcomes.

4. Statistical analyses

We compared the clinical and biochemical parameters
between the infliximab and adalimumab groups. Baseline
characteristics and demographic features were compared
using the chi-square test or Fisher exact test for categori-
cal variables. Continuous variables were analyzed using
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the Student t-test or Mann Whitney test. Adverse events
were compared between the treatment groups using the
Fisher exact test. Outcome analyses were performed us-
ing the intention-to-treat method. The chi-square test was
performed to compared clinical remission and response
rate. Kaplan-Meier curves were used to determine poor
outcomes including the cumulative rates of all-cause hos-
pitalization, UC-related hospitalization, corticosteroid pre-
scription, discontinuation of TNF-q inhibitor and switch-
ing to secondary TNF-q inhibitor. The difference between
curves was assessed using the log-rank test. Cox propor-
tional hazard models were used to compare time-to-event
outcomes. Multivariate analyses were adjusted for likely
confounders such as age, gender, CRP or disease extent.
The results of logistic regression and Cox regression analy-
ses were presented as hazard ratios (HRs) with 95% confi-

dence intervals (CIs) and p-values for the statistical tests of
significance. Statistical significance was defined as having
a p-value of <0.05. Statistical analyses were performed us-
ing SPSS program (version 25.0; IBM Corp., Armonk, NY,
USA).

RESULTS

1. Baseline patient characteristics

We identified 113 biologic-naive patients who were
treated with TNF-q inhibitors infliximab or adalimumab
for UC. After the exclusion of 25 patients who were not
naive to TNF-q inhibitors, the remaining patients were
grouped into the infliximab group (n=83) or the adalim-
umab group (n=30) (Fig. 1). During the follow-up period,

Table 1. Baseline Patient Characteristics at Initiation of TNF-a. Inhibitor Therapy

Characteristics Total (n=113) Infliximab (n=83) Adalimumab (n=30) p-value
Demographic features
Age, yr 38.4217.2 38.2+18.2 39.0£14.1 0.819
Sex 0.165
Male 71(62.8) 49 (59.0) 22(73.3)
Female 42(37.2) 34 (41.0) 8(26.7)
Smoking 0.287
Non-smoker 85(75.2) 62(74.7) 23(76.7)
Ex-smoker 22(19.5) 15(18.1) 7(23.3)
Current smoker 6(5.3) 6(7.2) 0
BMI, kg/cm’ 21.24¢3.2 21.1£2.7 21.5+4.3 0.684
Disease extent 0.820
Extensive 53 (46.9) 37 (44.6) 16 (53.3)
Left-side 56 (49.6) 43(51.8) 13 (43.3)
Proctitis 4(3.5) 3(3.6) 1(3.3)
Concomitant medications
Aminosalicylates* 102 (90.3) 73 (88.0) 29 (96.7) 0.283
Corticosteroids 41(36.3) 27(32.5) 14 (46.7) 0.168
Immunomodulators’ 59 (52.2) 41 (49.4) 18 (60.0) 0.319
Disease duration, mo* 66.1462.7 66.1+61.4 66.0£67.1 0.992
Extraintestinal manifestations
Joint 14(12.4) 11(13.3) 3(10.0) 0.757
Skin 6(5.3) 4(4.8) 2(6.7) 0.655
Oral 3(2.7) 1(1.2) 2(6.7) 0.172
Partial Mayo score 6.4+1.6 6.6+1.5 6.0+1.8 0.095
Stool frequency subscore 2.5+0.7 2.5+0.7 2.3+0.8 0.250
Rectal bleeding subscore 1.9+0.8 1.9+0.8 1.9+0.7 0.838
PGA subscore 2.1+0.9 2.2+0.9 1.8+1.0 0.028
Biochemical parameters at initiation
CRP, mg/L 23.4+38.6 25.4+41.3 17.9£29.6 0.403
Hemoglobin, g/dL 12.1£2.3 11.9£2.3 12.7£2.2 0.121
Albumin, g/dL 3.7+0.6 3.7£0.6 3.840.6 0.201
ESR, mm/hr 44.6£32.6 45.2433.0 43.1£32.0 0.696
Follow-up length, mo 25.8+18.4 26.3£19.6 24.5+14.5 0.964

Data are presented as meanSD or number (%).

TNF, tumor necrosis factor; BMI, body mass index; PGA, Physician’s Global Assessment; CRP, C-reactive protein; ESR, erythrocyte sedimentation

rate.

*Includes mesalazine, sulfasalazine, aminosalicylic acid, and balsalazide; Includes azathioprine, 6-mercaptopurine, and methotrexate; *Duration

from the first diagnosis of ulcerative colitis to TNF-o inhibitor administration.
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six of 113 patients did not show sustained drug adher-
ence of TNF-q inhibitors and the mean follow-up period
until discontinuation was 21.3 months. Baseline clinical
characteristics at the initiation of TNF-¢, inhibitor therapy
are shown in Table 1. The mean age (+standard devia-
tion) was 38.4+17.2 years and 62.8% of the patients were
male. Smoking history and body mass index were similar
between the groups. The concomitant rates of immuno-
modulators, aminosalicylates, and corticosteroids use were
52.2%, 90.3%, and 36.3%, respectively, with statistically
insignificant difference between the groups (Table 1).

The mean disease duration from UC diagnosis to
initiation of treatment was 66.1 months in the inflix-
imab group and 66 months in the adalimumab group.
Extraintestinal manifestations were seen in 23 patients
with similar distribution across groups. The mean partial
Mayo scores*standard deviation at baseline were 6.6+1.5
in the infliximab group and 6.0£1.8 in the adalimumab
group, with no significant difference between the groups
(p=0.095). Only the physician’s global assessment subscore
showed a significant difference between the groups (inf-
liximab 2.2 vs adalimumab 1.8; p=0.028). Stool frequency
subscores and rectal bleeding subscores were similar
between the groups. Furthermore, baseline biochemical
parameters, including CRP, hemoglobin levels, albumin
levels, and erythrocyte sedimentation rate, showed no
significant differences between the groups. Follow-up
duration from initiation of TNF-q, inhibitor therapy to
occurrence of events such as colectomy, discontinuation
of TNF-q inhibitor, or switching to secondary agents was
similar between the groups (infliximab 26.3 months vs
adalimumab 24.5 months).

2. Clinical remission and response (primary endpoints)

Summary of clinical remission and response rates of each
TNF-q inhibitor at weeks 8 and 52 are shown in Table 2. The
rates of clinical remission at 8 and 52 weeks were not sig-
nificantly different between the groups (infliximab, 47.0%
and 39.8% vs adalimumab, 56.7% and 50.0%; at 8 and 52
weeks, respectively; p=0.364, p=0.331). Also, the rates of
clinical response at 8 and 52 weeks were not significantly
different between the groups (infliximab, 86.7% and 72.3%
vs adalimumab, 76.7% and 76.7%; at 8 and 52 weeks, re-
spectively; p=0.196, p=0.642). Sustained clinical remission
and response rates were similar between the groups (inflix-
imab, 36.1% and 55.4% vs adalimumab, 36.7% and 50.0%;
p=0.959, p=0.610, respectively). There were no significant
differences in partial Mayo scores at 8 and 52 weeks post
initiation of TNF-a inhibitor therapy (infliximab, 2.3
and 2.2 vs adalimumab 1.8 and 1.4; p=0.289, p=0.060, re-
spectively). Numerical change in partial Mayo score from
baseline at 8 and 52 weeks after TNF-q, inhibitor treatment
initiation were also similar (p=0.775 and p=0.786, respec-
tively). Side effects occurred in 13 patients (11.3%) (Table 3)
with no significant difference between the two groups.

Table 3. Summary of Adverse Events Caused by Tumor Necrosis Fac-
tor-a Inhibitors

. Adalim-
Summa Il umab -value
i (n=83) (n=30) P

Any adverse event 12 (14.5) 21(6.7) 0.441

Acute infusion/injection reaction 7(7.5) 1(3.3)
Headache 101.2) 0
Dizziness 101.2) 0
Urticaria 3(3.6) 1(3.3)

Data are presented as number (%).

Table 2. Clinical Remission and Response at 8 and 52 Weeks after Initiation of TNF-a Inhibitor

Week 8 Week 52
Type of outcomes Infliximab ~ Adalimumab Infliximab  Adalimumab

(n=83) (n=30) prvalue (n=83) (n=30) prvalue
Clinical remission* 39 (47.0) 17 (56.7) 0.364 33(39.8) 15 (50.0) 0.331
Clinical response’ 72 (86.7) 23(76.7) 0.196 60 (72.3) 231(76.7) 0.642
Sustained clinical remission at weeks 8 and 52* NA NA 30(36.1) 11(36.7) 0.959
Sustained clinical response at weeks 8 and 52° NA NA 46 (55.4) 15 (50.0) 0.610
Partial Mayo score 2.3+2.2 1.8+£2.0 0.289 2.2+2.4 1.4£1.7 0.060
Stool frequency subscore 1.1£1.1 0.9+0.9 0.371 1.1£1.2 0.6+0.9 0.304
Rectal bleeding subscore 0.9+0.7 0.4%0.7 0.115 0.5+0.8 0.3+0.7 0.298
PGA subscore 0.5+0.7 0.5+0.8 0.809 0.5+0.9 0.420.5 0.084
Change of partial Mayo score from baseline 4.3+2.5 4.122.7 0.775 4.622.7 4.7+2.3 0.786

Data are presented as number (%) or meanSD.

TNF, tumor necrosis factor; PGA, Physician’s Global Assessment; NA, not available.
*Partial Mayo score <1 point; 'Decrease in partial Mayo score by at least 2 points from baseline; *Patients who were in clinical remission at week 8
and week 52 were considered to be in sustained clinical remission; Patients who had a clinical response at week 8 and week 52 were considered

to have a sustained clinical response.
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There were no severe adverse events that led to the discon-
tinuation of TNF-q, inhibitor treatment.”

3. Long-term outcomes of TNF-a inhibitors (secondary
endpoints)

There were no statistically significant differences be-
tween the groups in Kaplan-Meier analyses with respect
to the following long-term outcomes: poor outcomes, all-
cause hospitalization, UC-related hospitalization, corti-
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ization, corticosteroid prescription, discontinuation of TNF-a inhibitors, and switching to a secondary TNF-q inhibitor.
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Table 4. Adjusted HR of Clinical Outcomes by TNF-a. Inhibitor

Adjusted HR

Type of outcomes (infliximab vs adalimumab)* 75%Cl p-value

8 Weeks after initiation of drug

Clinical remission 0.68 (0.29-1.57) 0.365

Clinical response 1.99 (0.69-5.74) 0.201
52 Weeks after initiation of drug

Clinical remission 0.66 (0.29-1.53) 0.332

Clinical response 0.77 (0.28-2.14) 0.613
Long-term outcomes

Poor outcomes’ 1.45 (0.81-2.56) 0.208
All-cause hospitalization 2.20 (0.83-5.84) 0.113

UC-related hospitalization 3.38 (0.99-11.47) 0.051

Corticosteroid prescription 2.44 (0.85-7.01) 0.099

Discontinuation of TNF-a inhibitor 1.39 (0.72-2.71) 0.331

Switching to secondary TNF-q inhibitor 2.89 (0.87-9.64) 0.085

HR, hazard ratio; TNF, tumor necrosis factor; Cl, confidence interval; UC, ulcerative colitis.
*AHR of >1 indicates a benefit of infliximab compared with adalimumab; "Poor outcomes are defined as the sum of the following events: all-cause
hospitalization, UC-related hospitalization, corticosteroid prescription, discontinuation of TNF-a inhibitors, and switching to a secondary TNF-a

inhibitor.

Table 5. Risk Factors Associated with Poor Outcomes* after TNF-o. Inhibitor Treatment in Patients with Ulcerative Colitis (n=113)

Univariate analysis Multivariate analysis
Variable Adjusted HR"
p-value p-value (95% Cl)
Age (>40/<40 yr) 0.639
Sex (male/female) 0.401
CRP (>5/<5 mg/L) 0.001 0.001 2.25(1.37-3.70)
Disease extent (extensive/left-sided) 0.850
TNF-q inhibitor (infliximab/adalimumab) 0.229 0.208 1.45 (0.81-2.56)

TNF, tumor necrosis factor; HR, hazard ratio; Cl, confidence interval; CRP, C-reactive protein.
*Poor outcomes are defined as the sum of the following events: all-cause hospitalization, ulcerative colitis-related hospitalization, corticosteroid
prescription, discontinuation of TNF-a inhibitors, and switching to a secondary TNF-a inhibitor; A HR of >1 indicates a benefit of infliximab com-

pared with adalimumab.

period, 26 patients started secondary biologics including
adalimumab in 15 patients, vedolizumab in nine patients
and tofacitinib in two patients. During the entire follow-up
period, two infliximab-treated patients received colectomy
at weeks 2 and 41, respectively. No death was reported dur-
ing the follow-up period.

4. Predictive factors for poor clinical outcomes
Adjusted HRs of TNF-q, inhibitors for various clini-
cal outcomes are presented in Table 4. After multivariate
analysis, type of TNF-q inhibitor used was not a signifi-
cant factor in any clinical outcomes. During the long-term
follow-up period, elevated baseline CRP level (>5 mg/L)
at initiation of TNF-q inhibitor administration was the
only factor that predicted poor outcomes in moderate to
severe UC patients (adjusted HR, 2.25; 95% CI, 1.37 to 3.70;
p=0.001) (Table 5, Fig. 3). Subgroup analysis showed that
elevated CRP level was significantly associated with poor
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outcomes in the infliximab-treated group (adjusted HR,
2.41; 95% CI, 1.36 to 4.26; p=0.002), but not in the adali-
mumab-treated group (adjusted HR, 3.39; 95% CI, 0.90 to
12.77; p=0.071) (Table 6, Fig. 4).

DISCUSSION

This study compared clinical remission and response
of TNF-q inhibitors infliximab versus adalimumab at 8
and 52 weeks posttreatment initiation. TNF-o inhibitors
are the established treatment of choice for patients with
moderate to severe UC who are refractory to conventional
pharmacotherapy.”** Poor outcomes, including hospital-
ization, discontinuation of drug, corticosteroid prescrip-
tion, and switching to another drug, are parameters used
to assess the efficacy of UC treatment in clinical prac-
tice.””'** Therefore, we also analyzed these poor outcome
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:g UC treated with infliximab versus adalimumab. We found
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25-censored tween the two agents at 8 and 52 weeks posttreatment ini-

tiation, as well as similar rates of poor outcomes during the

long-term follow-up period. To the best of our knowledge,

this is the first study to directly compare clinical remis-

0.2 sion and response rates as well as various long-term poor

outcomes following infliximab or adalimumab treatment

- - - - in moderate to severe biologic-naive UC patients in the

0 20 40 60 clinical context. In this study, UC-related hospitalization

Months was marginally more likely to occur infliximab group com-

Fig. 3. Kaple_m—Meier_ curve of cumu_lative_outcomes based on ba§§— pared to adalimumab group (p=0.051). Further studies are
line C-reactive protein (CRP) levels in patients with ulcerative colitis needed to validate this finding.

treated with tumor necrosis factor (TNF)-a inhibitors (1-rate of poor

outcome event). *Poor outcomes are defined as the sum of the fol- Although several guidelines recommend infliximab and
lowing events: all-cause hospitalization, ulcerative colitis-related adalimumab as the gold standard treatments for moder-
hospitalization, corticosteroid prescription, discontinuation of TNF-a. ate to severe UC,”*? there have been no comparative
inhibitors, and switching to a secondary TNF-q inhibitor.

0.6

0.4 4

1-Poor outcomes*

p=0.001

Table 6. Factors Affecting Poor Outcomes* According to Type of TNF-a Inhibitor Treatment in Patients with Ulcerative Colitis

Univariate analysis Multivariate analysis
Variable
p-value p-value Adjusted HR' (95% Cl)

Infliximab subgroup (n=83)

Age (>40/<40 yr) 0.952

Sex (male/female) 0.144

CRP (>5/<5 mg/L) 0.004 0.002 2.41(1.36-4.26)

Disease extent (extensive/left-sided) 0.789
Adalimumab subgroup (n=30)

Age (>40/<40 yr) 0.504

Sex (male/female) 0.309

CRP (>5/<5 mg/L) 0.167 0.071 3.39(0.90-12.77)

Disease extent (extensive/left-sided) 0.323

TNF, tumor necrosis factor; HR, hazard ratio; Cl, confidence interval; CRP, C-reactive protein.

*Poor outcomes are defined as the sum of the following events: all-cause hospitalization, ulcerative colitis-related hospitalization, corticosteroid
prescription, discontinuation of TNF-c. inhibitors, and switching to a secondary TNF-c inhibitor; *A HR of >1 indicates a benefit of infliximab com-
pared with adalimumab.

A 10- CRP level (mg/L) B 10— CRP level (mg/L)

' _rm<5 ' _rm<5

>5 25
. 0.81 —— <5-censored . 0.81 —— <5-censored
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9 0.6 A 9 0.6 A
g g |
(o] (o]
S 0.4+ 5 0.4 -
[e] [e]
o o
T 0.2+ 0.2+
p=0.002 p=0.071
0 20 40 60 0 10 20 30 40 50 60
Months Months

Fig. 4. Subgroup Kaplan-Meier curves of cumulative outcomes based on baseline C-reactive protein (CRP) levels in patients with ulcerative colitis
(UC) treated with tumor necrosis factor (TNF)-o inhibitors (1-rate of poor outcome events). (A) Infliximab group. (B) Adalimumab group.

*Poor outcomes are defined as the sum of the following events: all-cause hospitalization, UC-related hospitalization, corticosteroid prescription,
discontinuation of TNF- inhibitors, and switching to a secondary TNF-a. inhibitor.
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head-to-head trials. Comparison of the therapeutic effects
of infliximab and adalimumab in patients with UC have
been performed by several indirect meta-analyses.”'***
However, these network meta-analyses report differing
results depending on the types of statistical analysis used,
or the types of trials included in the meta-analyses. There
were several more studies which indirectly compared the
outcomes of infliximab and adalimumab using medical
databases. Singh et al."*" reported two studies comparing
outcomes of infliximab and adalimumab using a nation-
wide administrative claims database. However, both stud-
ies showed conflicting results regarding risk of hospitaliza-
tion after treatment with infliximab and adalimumab.

A total of 170 physicians participated in a retrospective
online physician chart review study in the United States
to compare the long-term outcomes of infliximab and
adalimumab in real-world biologic-naive UC patients."® It
should be noted that, compared to RCTs, results from the
“real-world” data show a higher efficacy of both adalim-
umab and infliximab.”*'® The U.S. study showed that re-
mission rates after 6 months were 76.8% in the infliximab
group and 71.7% in the adalimumab group, respectively.
Otherwise, three pivotal RCTs showed remission and re-
sponse rates in both agents at 8 weeks were 16.5%—38.8%,
50.4%—-69.4% and 52 to 54 weeks were 17.3%—34.7%,
30.29%-45.5%.” The current study also showed remission
and response rates in both agents at 8 weeks were 49.6%,
84.1% and at 52 weeks were 42.5% and 73.5%, respectively.
The results of the current study appear to be more effec-
tive than that of RCTs. There are several possible reasons
for the difference of results between the current study
and RCTs. First, the inclusion of patients with previous
exposure to TNF-g, inhibitor in the RCTs may have influ-
enced the results. The U.S. clinical trials included TNF-a
inhibitor-experienced patients but our study only included
biologic-naive patients.”* Given that TNF-q inhibitors
have a greater efficacy in biologic-naive UC patients, the
higher remission and response rates of this study can be
explained.”””' Second, the difference in disease duration
at the initiation of TNF-q inhibitor treatment may have
also influenced results. The ULTRA and ACT RCTs had a
mean duration of 6.1 to 8.4 years, and those of the current
study were 5.5 years.” A previous study in patients with
Crohn’s disease demonstrated that early treatment with
TNF-q inhibitors resulted in more effectively controlling
of Crohn’s disease.” Third, difference in clinical remis-
sion and response evaluating criteria may have influenced
results. In the current study, we used the partial Mayo
score (which did not include an endoscopic subscore) as a
criterion for clinical remission and response in this study
but the previous studies used the full Mayo score (which
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include an endoscopic subscore).

In Korea, it is difficult to adjust dose escalation or in-
terval of infliximab due to insurance limitations imposed
by the Health Insurance Review and Assessment Service.
However, during the maintenance period of adalimumab
administration, it is permissible to reduce 2-week regular
maintenance intervals to 1-week “short” intervals, accord-
ing to the patient’s treatment response and the physician’s
judgment. In this study, eight of the 30 adalimumab-naive
UC patients experienced 1-week short interval adminis-
tration during the follow-up period. In order to reduce
selection bias, subgroup analysis was conducted between
the regular interval group and the short interval group and
there was no significant difference in baseline characteris-
tics and time to poor outcome events between the groups
(Supplementary Table 1, Supplementary Fig. 1). Also, there
was no difference in the probability of poor outcomes
between the infliximab group and 2-week regular interval
adalimumab group during the follow-up period (Supple-
mentary Fig. 2). In light of these results, it was found
that adalimumab-only interval regulation did not affect
similar poor outcomes results in both groups. Therefore,
the choice of TNF-q inhibitor should be determined by
considering various factors such as the patient’s condition,
ability to pay, and preference for treatment, given similar
treatment effects.

Active UC is frequently marked by an elevation in CRP*
which an important prognostic factor to predict colectomy
risk and response to medical therapy in UC patients.”**
Moreover, it is well correlated with the endoscopic Mayo
score.” One recent study suggested that elevated CRP level
(>5 mg/L) is a predictive factor for treatment response in
infliximab-treated inflammatory bowel disease patients.”
This corresponds well to our findings and supports the
recommendations of the American College of Gastroenter-
ology Ulcerative Colitis Activity Index who call for more
accurate measurement of UC disease activity, including the
CRP as a biologic marker of disease activity.” Although
there was no significant difference in poor outcomes ac-
cording to CRP level in the adalimumab treatment group,
the poor outcomes tended to be numerically higher in the
elevated CRP group (>5 mg/L) (p=0.071), suggesting that
a relatively small number of this group of patients might
have not led to achieve statistical significance. Further
well-designed RCTs will require to verify this assumption.

The current study complements the information gaps
of previous RCTs and meta-analysis studies by including
baseline disease activity and comparing various long-term
outcomes in real-world biologic-naive patients with UC
only. We used the partial Mayo score, which is easy to use
in clinical practice, to measure of disease activity in accor-
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dance with current guidelines."”

This study has several limitations. First, it is a retrospec-
tive study. There could be a selection bias. Endoscopy data
was not available in some cases, so the full Mayo score
could not be measured. Instead, we used the partial Mayo
scoring system which correlates well with the full Mayo
scoring system and enabled us to apply our results to the
real-world population.'®***' Second, we did not compare
drugs such as golimumab, vedolizumab and tofacitinib
which have been proven to be effective in the treatment of
moderate to severe UC.” As these drugs have been released
relatively recently, it is difficult to obtain the long-term
follow-up data about their long-term outcomes. Third, this
study has a relatively small sample size. However, various
long-term outcome comparisons were consistent between
groups, and poor outcomes (the sum of multiple out-
comes) of UC are presented for the first time in our study.

This real-world-based retrospective study demonstrates
that infliximab and adalimumab are similar in terms of
treatment efficacy and long-term outcomes in biologic-
naive moderate to severe UC patients. CRP elevation is an
important prognostic factor in UC patients treated with
TNEF-a inhibitors, especially in infliximab. Further ran-
domized controlled studies comparing treatment efficacy
and long-term outcomes between TNF-q, inhibitors for
UC treatment are needed.
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