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Abstract:

Objective Real-world data of adalimumab (ADA) in the treatment of ulcerative colitis (UC) are scarce. We
aimed to study the ADA response rates and predictors of response in UC treatment.

Methods This observational, prospective and multi-center study assessed the clinical outcome of refractory
UC patients treated with ADA who previously had an inadequate response to either conventional therapies or
other anti-TNF antibodies or tacrolimus. The primary endpoint was the proportion of UC patients achieving a
clinical response and remission at 8 and 52 weeks. We also evaluated the parameters which were associated
with a clinical response at 8 and 52 weeks.

Results A total of 35 patients were enrolled from 11 centers. The clinical responses at 8 and 52 weeks
were 60.0% and 51.4%, respectively. The clinical remission rates at 8§ and 52 weeks were 45.7% and 48.6%,
respectively. Positive predictors for week 52 response were combination of ADA with immunomodulator
(IM) (OR: 27.229; 95% CI; 1.897-390.76; p=0.015) and a week 8 lower partial Mayo score (OR: 0.406; 95%
CI; 0.204-0.809; p=0.010). A receiver operation characteristic curve analysis revealed the optimal week 8 par-
tial Mayo score to be 2.5, therefore a partial Mayo score of <2 was a positive predictor for the continuation
of ADA. No malignancy or death occurred during this study.

Conclusion ADA was effective for inducing and maintaining both a clinical response and remission in pa-
tients with refractory UC. It remains possible that the concomitant use of IM and a week 8 partial Mayo
score of <2 may predict the long-term response of ADA.
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of the colon characterized by diarrhea, rectal bleeding, rectal

Introduction urgency and tenesmus. In Japan, the number of UC patients

has been increasing year by year. Estimates based on the is-

Ulcerative colitis (UC) is a chronic inflammatory disorder sued numbers of certificates of recipients of medical service
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and certificates of registration in 2013 showed that there
were over 160,000 patients with UC (approximately 1 case
per 1,000 population) (1).

Current treatment options for UC consist of aminosali-
cylates, corticosteroids, thiopurines, calcineurin inhibitors,
anti-tumor necrosis factor (anti-TNF) agents, anti-integrin
agents, Janus Kinase inhibitor and interleukin 12/23 inhibi-
tors (2). Although there are lots of agents available for UC
treatment, UC remains incurable. It is therefore necessary to
use these agents optimally and to maintain high drug persis-
tence.

Adalimumab (ADA) is a recombinant, fully human, mon-
oclonal antibody directed against TNF, and is used as the
treatment for moderate-to-severely active UC in adults who
had an inadequate response to conventional therapies includ-
ing corticosteroids and/or thiopurines, or who are intolerant
to or have medical contraindications to these thera-
pies (3, 4). ADA is approved for self-injection at home in
Japan, and it thus reduces the number of hospital visits.
ADA is very useful and important especially for young
working patients, although some systematic reviews with a
meta-analysis have reported that ADA was inferior to other
biologics with regard to drug efficacy (5, 6).

Drug efficacy, which is assessed by randomized or con-
trolled trials, may substantially differ from its effectiveness
in the clinical setting, so real-world studies are necessary to
assess the clinical benefit of ADA. We performed a prospec-
tive multicenter real-world observational study to evaluate
the short-term and long-term effectiveness and safety of
ADA, and identified some predictive factors for a higher
persistence of ADA.

Materials and Methods

Study population

We conducted an observational, prospective and multi-
center study including patients from 11 hospitals in the
community of Kitakyushu-City in Japan. All refractory UC
patients 213 years of age treated with ADA following real-
world clinical practice considerations (August 2014 to Octo-
ber 2017) were included in this study. The diagnosis of UC
was based on the criteria determined by the Japanese Minis-
try of Health, Labour and Welfare. Consecutive patients with
clinically active UC who had an inadequate response to
either conventional therapy, including corticosteroids and
thiopurines or anti-TNF antibodies or tacrolimus, were as-
sessed for eligibility to be included in this study. There were
no criteria about immunomodulator (IM) use, and the at-
tending physician could decide on the use of concurrent IM
if necessary. The exclusion criteria were as follows: patients
with a contraindication for ADA (severe infection, active
mycobacterial infection, known hypersensitivity to excipients
of ADA, a past or present history of central nervous system
demyelinating disease, or congestive heart failure); patients
from whom informed consent could not be obtained; pa-

tients with a malignant neoplasm; patients regarded as being
inappropriate by the attending physician. The protocol was
approved by the institution review board of each center, and
each patient provided their written consent.

The information was obtained from personal interviews
and each hospital’s medical records. Patient’s gender, age,
weight, disease duration, UC phenotype, hematological pa-
rameters, previous and current concomitant medications
were registered. The partial Mayo score for UC was used to
assess the disease activity.

All patients received 160 mg of ADA subcutaneously at
week 0, 80 mg at week 2, and then 40 mg every other week
beginning at week 4.

Outcomes and definitions

The primary endpoint was the proportion of UC patients
achieving a clinical response and remission at 8§ and 52
weeks. The clinical response was defined as a composite of
: (a) a partial Mayo score reduction of 3 or more accompa-
nied by a decrease in at least 30% from baseline and (b) a
bleeding subscore reduction of 1 or more from baseline, or
a bleeding subscore of <1. Clinical remission was defined as
a partial Mayo score of <2 with individual subscore of
<1 (4). The secondary endpoint was the parameters which
were associated with clinical response at 8 and 52 weeks.

In this study, patients who discontinued ADA due to ad-
verse events or stopped attending hospital visits were con-
sidered non-responders even if they achieved a clinical re-
sponse or remission.

Statistical analysis

Continuous variables with normal distributions were ex-
pressed as the meanzstandard deviation (SD) and compared
using Student’s 7-test, and those without normal distributions
were expressed as median [interquartile range (IQR)] and
compared using the Mann-Whitney U test between respond-
ers and non-responders. Categorical variables were analyzed
using the x’-test or Fisher’s exact test between the 2 groups.
Univariate and multivariate logistic regression analyses were
used to identify the independent predictors of a clinical re-
sponse at 8 and 52 weeks and were reported as odds ratios
(OR) with 95% confidence intervals (CI). Variables with a
p<0.10 according to a univariate analysis were included in
the multivariate analysis. The Kaplan-Meier method and log-
rank test were used to assess ADA continuation over time.
All statistical analyses were conducted using the IBM SPSS
version 25.0 software program. P-values less than 0.05 were
considered to be statistically significant.

Results

Baseline patient characteristics

Between August 2014 and October 2017, 40 patients with
refractory UC were treated with ADA at our hospitals. After
excluding 5 patients due to missing data, 35 patients were

3850



Intern Med 60: 3849-3856, 2021

DOI: 10.2169/internalmedicine.7279-21

40 refractory UC patients treated with ADA

4’{ 5 patients excluded due to missing data

i 35 patients enrolled in this study (100%)

l

!

l

3 patients discontinued ADA before 8
weeks for primary nonresponse (8.6%)

32 patients continued ADA
for 8 weeks or more (91.4%)

14 patients discontinued ADA (40%)
* 9 for primary nonresponse
* 3 for secondary loss of response
- 1 for adverse event
+ 1 for stopping hospital visit

Figure 1.

Table 1. Baseline Patient Demographics, History and Dis-
ease Activity.
Male, n (%) 19 (54.2)
Age, mean+SD (years) 41.1£17.7
Weight, mean+SD (kg) 58.6+12.7
Duration of UC, median (IQR) (years) 3.5 (0.25-25)
Extent of Disease, n (%)
Left-side 12 (34.3)
Extensive 23 (65.7)
Concomitant treatment, n (%)
5-aminosalicylic acid 27 (77.1)
Corticosteroid 20 (57.1)
Immunomodulator 13 (37.1)
Cytapheresis 6(17.1)
Previous biologic exposure, n (%)
Infliximab 5(14.3)
Previous calcineurin inhibitor exposure, n (%)
Tacrolimus 5(14.3)

Disease activity

0.66 (0.01-11.7)
12.5+2.2
6 (2-9)

SD: standard deviation, IQR: interquartile range, UC: ulcerative colitis

C-reactive protein, median (IQR) (mg/dL)
Haemoglobin, mean+SD (g/dL)
Partial Mayo score, median (IQR)

included in this study (Fig. 1). The characteristics of the pa-
tients are shown in Table 1. Nineteen patients (54.3%) were
male and the average age was 41.1 years old (SD, 17.7).
The median disease duration since diagnosis was 3.5 years
[interquartile range (IQR), 0.25-25]. Twelve patients (34.3%)
had left-sided colitis and 23 patients (65.7%) had extensive
colitis. Twenty patients (57.1%) had received corticosteroids
at the start of ADA, and corticosteroids were tapered after
the administration of ADA. Twenty-four patients (68.6%)
were steroid dependent and 10 patients (28.6%) were steroid

18 paticnts remaining on ADA
maintenance therapy at 52 weeks (51.4%)

Flow chart of patients inclusion. UC: ulcerative colitis, ADA: adalimumab

refractory. Azathioprine (AZA) was used as IM in 13 pa-
tients (37.1%): 12 patients had received before administering
ADA and 1 patient after administering ADA. The duration
of AZA treatment before the administration of ADA in these
12 patients was unknown. Of the 22 patients (62.9%) who
did not received IM, 1 patient was intolerant to IM. Thirty
patients (85.7%) were anti-TNF treatment naive and 5 pa-
tients (14.3%) had previously received infliximab (IFX), and
3 of 5 patients had also received tacrolimus. The median
baseline partial Mayo score was 6 (IQR, 2-9).

Primary endpoint

The clinical response and remission are shown in Fig. 2.
A clinical response was achieved in 60.0% (21/35) and
51.4% (18/35) patients at 8 and 52 weeks, respectively.
Clinical remission was achieved in 45.7% (16/35) and
48.6% (17/35) patients at 8 and 52 weeks, respectively.
ADA was discontinued in 17 patients (12 for primary nonre-
sponse, 3 for secondary loss of response, 1 for adverse event
and 1 for stopping hospital visits) (Fig. 1), and they were
considered as non-responders.

Secondary endpoint

We performed univariate and multivariate logistic regres-
sion analyses to identify the independent predictors of a
clinical response at 8 and 52 weeks (Table 2). According to
a univariate analysis for the clinical response at 8 weeks,
there was no significant predictor in baseline variables (data
was not shown). A univariate analysis for the clinical re-
sponse at 52 weeks showed that ADA in combination with
IM (OR: 11.786; 95% CI; 2.041-68.061; p=0.006) and the
week 8 partial Mayo score (OR: 0.528; 95% CI; 0.332-
0.840; p=0.007) were significant predictors. A multivariate
logistic regression analysis also demonstrated that the sig-
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M Clinical response

Patients (%)

week 8

B Clinical remission

week 52

Figure 2. Rates of clinical response and remission at 8 weeks and 52 weeks after starting adalim-

umab in all patients.

Table 2. Univariate and Multivariate Logistic Regression Analyses to Predict Clinical Response at 52 Weeks.

Univariate analysis

Multivariate analysis

OR 95%ClI p value OR 95%CI1 p value
Age 1.003 (0.965-1.041) 0.89
Sex (male/female) 1.429 (0.375-5.437) 0.60
Weight 1.036 (0.975-1.100) 0.28
Duration of UC 1.004 (0.994-1.015) 0.44
Extent of disease (extensive/left-side) 0.917 (0.227-3.704) 0.90
Concomitant treatment
S-aminosalicylic acid (yes/no) 1.077 (0.222-5.219) 0.93
Corticosteroid (yes/no) 0.333 (0.082-1.348) 0.12
Immunomodulators (yes/no) 11.786 (2.041-68.061) 0.006 27.229 (1.897-390.76) 0.015
Cytapheresis (yes/no) 6.154 (0.637-59.466) 0.12
Previous treatment
Infliximab (yes/no) 1.500 (0.218-10.304) 0.68
Tacrolimus (yes/no) 4.571 (0.456-45.857) 0.20
CRP at starting ADA, mg/dL 1.245 (0.871-1.780) 0.23
CRP after 8 weeks, mg/dL. 0.900 (0.522-1.550) 0.70
Partial Mayo score at starting ADA 0.905 (0.600-1.366) 0.64
Partial Mayo score at 8 weeks 0.528 (0.332-0.840) 0.007 0.406 (0.204-0.809) 0.010

UC: ulcerative colitis, ADA: adalimumab, OR: odds ratio, CI: confidence interval

nificant predictors of a clinical response at 52 weeks were
combined treatment with IM (OR: 27.229; 95% CI; 1.897-
390.76; p=0.015) and the week 8 partial Mayo score (OR:
0.406; 95% CI; 0.204-0.809; p=0.010). The baseline clinical
characteristics in ADA with IM group and ADA monother-
apy group are shown in Table 3. There was no significant
difference between the two groups, except for sex.
Cumulative continuation rates of ADA showed a signifi-
cant difference between ADA with IM and ADA monother-
apy (p=0.005) (Fig. 3). A receiver operation characteristic
(ROC) curve analysis was performed to determine the opti-
mal cut-off point of week 8 partial Mayo score for clinical
response at 52 weeks (Fig. 4). The area under the ROC
curve was 0.792 and the cut-off value of the week 8 partial
Mayo score was 2.5 with a sensitivity of 0.786 and a speci-

ficity of 0.722. Therefore, a week 8 partial Mayo score of
<2 was a positive predictor for clinical response at 52
weeks. The cumulative continuation rate of ADA in patients
with week 8 partial Mayo score <2 showed a significant dif-
ference compared with those in patients with week 8 partial
Mayo score of >3 (p=0.003) (Fig. 5).

Adverse events

Nine adverse events occurred in 8 out of 35 patients
(22.9%). Most common events were infections (11.4%). Se-
rious adverse event, associated with the need to interrupt
ADA, was experienced by one patient (2.9%). This patient
developed tuberculosis 8 weeks after ADA induction in spite
of negative screening test results, including interferon-
gamma release assay and chest radiograph results prior to
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Table 3. Comparison of the Baseline Characteristics between ADA with IM Group and

ADA Monotherapy Group.
ADA with IM ADA monotherapy
(n=13) (n=22) p value

Male, n (%) 4 (30.8%) 15 (68.2%) 0.03
Age, mean+SD (years) 47.5+18.6 37.3x16.4 0.10
Weight, mean+SD (kg) 54.0+11.0 60.9x13.1 0.15
Duration of UC, median (IQR) (years) 3.5 (1.1-25) 3.3(0.25-17.4) 0.93
Extent of Disease, n (%) 0.29

Left-side 6 (46.2%) 6 (27.3%)

Extensive 7 (53.8%) 16 (72.7%)
Concomitant treatment, n (%)

5-aminosalicylic acid 11 (84.6%) 16 (72.7%) 0.68

Corticosteroid 5 (38.5%) 15 (68.2%) 0.09

Cytapheresis 3(23.1%) 3(13.6%) 0.65
Previous biologic exposure, n (%)

Infliximab 3(23.1%) 2 (9.1%) 0.34
Previous calcineurin inhibitor exposure, n (%)

Tacrolimus 4 (30.8%) 1 (4.5%) 0.05
Disease activity

C-reactive protein, median (IQR) (mg/dL) 0.36 (0.01-11.7) 1.48 (0.02-4.9) 0.24

Haemoglobin, mean+SD (g/dL) 11.9+£2.3 12.8+2.0 0.24

Partial Mayo score, median (IQR) 5(3-9) 6 (2-8) 0.56

ADA: adalimumab, IM: immunomodulator, SD: standard deviation, IQR: interquartile range, UC: ulcerative

colitis

ADA induction. No malignancy or death occurred during
this study.

Discussion

This observational, prospective and multi-center study of
ADA for refractory UC patients showed that a combination
of ADA and IM, and a week 8 partial Mayo score of <2
were predictive for a long-term good response.

Several studies have evaluated the effectiveness of com-
bining IFX with IM in patients with moderate-to-severe
UC (7, 8). However, the effectiveness of combining ADA
with IM is unclear (9-13). A retrospective analysis of large
cohort by Chen et al. demonstrated that combination therapy
using IM can increase the persistence of biologic treatments
including ADA (14). To the best of our knowledge, this is
the first prospective and multi-center study to suggest that
concomitant use of IM with ADA in refractory UC patients
may be effective. In Crohn’s disease (CD) patients, a multi-
center, randomized, prospective, open-label study (DIA-
MOND trial) by Matsumoto et al. showed that the simulta-
neous use of IM with ADA may improve the mucosal heal-
ing associated with improved long-term outcomes of patients
of inflammatory bowel disease (15). A subanalysis of DIA-
MOND trial by Nakase et al. showed that higher 6-
thioguanine nucleotide (6-TGN) induced by the optimized
use of IM could inhibit the occurrence of anti-adalimumab
antibodies (AAA) (16). The appearance of AAA is associ-
ated with low trough serum ADA concentrations and a de-
creased clinical response (17, 18). Our study suggested that

IM could decrease AAA and could add anti-inflammatory
effects, and together this contributed to the higher persis-
tence of ADA. Similar results have already been reported in
the field of rheumatoid arthritis (19).

The decision to continue long-term therapy in patients
with UC is generally based on the response to induction
therapy (20). In Japan, a multicenter, phase II/IIl, random-
ized, double-blind, placebo-controlled study by Suzuki et al.
showed the week 8 response to ADA to be associated with
greater rates of response, remission, and mucosal healing
compared with the overall adalimumab population at week
52 (21). Likewise, our study showed that the week 8 re-
sponse to ADA was associated with a greater clinical re-
sponse at 52 weeks. The week 8 lower partial Mayo score
was a significant predictor of a clinical response at 52
weeks. Moreover, a week 8 partial Mayo score of <2 was
found to be a positive predictor to continue ADA.

According to the results of this study, we suggest two
treatment strategies when starting ADA in refractory UC pa-
tients. First, we should consider the combined use with IM.
In the case of patients who have already been administered
IM before starting ADA, IM should be continued without
interruption. In the case of patients who have not been ad-
ministered IM, then combination treatment of ADA with IM
should be considered, especially when there is loss of re-
sponse to ADA. Second, we should focus on achieving a
week 8 partial Mayo score of <2, because our study showed
that it was a predictive factor for the long-term response. A
partial Mayo score of <2 means clinical remission. There-
fore, we should aim at achieving clinical remission within 8
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Figure 3. The Kaplan-Meier survival curves of ADA continuation. Patients with ADA and IM were
significantly more likely to keep higher persistence of ADA compared to those with ADA monothera-

py. ADA: adalimumab, IM: immunomodulator
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Figure 4. ROC curve to identify the optimal cut-off point of
week 8 partial Mayo score for clinical response at 52 weeks.
Area under the ROC curve was (.792 and the cut-off point of
week 8 partial Mayo score was 2.5 with a sensitivity 0.786 and
a specificity of 0.722. ROC: receiver operation characteristics

weeks of starting ADA with the optimized use of conven-
tional therapy. This leads to a higher persistence of ADA. In
the case of patients who have not achieved clinical remis-
sion at 8 weeks, we should therefore consider step-up treat-
ment, including the addition of IM or cytapheresis. If we
can easily measure the trough serum ADA concentrations
and AAA, it will be easy to decide whether or not we
should add IM or switch to other biologics. However, in the
real-world, it is difficult to monitor the trough serum ADA
concentrations and AAA. On the other hand, the partial
Mayo score is a very simple scale and it is used widely as
the outcome measure for clinical trials assessing therapy for
UC (22). It allows us to assess the patient’s condition with-
out endoscopic findings at any time. For this reason, consid-
ering the combination use of IM, and referring to the week

8 partial Mayo score, it therefore seems to be important in
order to use ADA effectively in daily clinical practice.

This study is associated with several limitations. First, the
number of patients was small, and this study may therefore
not provide sufficient evidence. Prospective studies with a
larger number of patients are needed to confirm these find-
ings. Second, there were few severe UC patients. This might
have led to a better response and remission rate in our study
than previous randomized placebo-controlled reports like the
ULTRA trial (3, 4, 20, 21). In the real-world, it remains
possible that ADA is not likely to be used for severe UC pa-
tients because some systematic reviews with meta-analyses
have reported that ADA was inferior to other biologics for
moderate to severe UC patients (5, 6). The response and re-
mission rate in our study may thus reflect the real-world
situation in which physicians use the appropriate biologics
according to each patient’s state. Third, endoscopic evalu-
ation was not performed in all patients, and we could not
assess the full Mayo score. Fourth, there was no criteria
about how to use IM, such as the starting date, duration of
administration or dose of IM. Refractory UC patients could
participate in this study, regardless of whether they received
IM. In this study, IM was used in 13 patients (37.1%): 12
patients had received IM before administering ADA and 1
patient after administering ADA. AZA treatment before
starting ADA may be more effective for UC treatment by
ADA. Fifth, there was no data about the trough value of se-
rum ADA concentrations and AAA. However, this also re-
flects the real-world situation and enabled studying familiar
predictive factors such as IM and the partial Mayo score.

In conclusion, we performed an observational, prospective
and multi-center study of ADA for refractory UC patients
who previously had an inadequate response to either con-
ventional therapy including corticosteroids and thiopurines
or other anti-TNF antibodies or tacrolimus. ADA was thus
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Figure 5. The Kaplan-Meier survival curves of ADA continuation. Patients with week 8 partial

Mayo score <2 were significantly more likely to keep higher persistence of ADA compared to those

with week 8 partial Mayo score 23. ADA: adalimumab

found to be effective for inducing and maintaining both a
clinical response and remission in patients with refractory
UC. Our study suggests that combination treatment with IM
and a week 8 partial Mayo score of <2 may be predictive
for the long-term response of ADA in the real-world clinical
setting.
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