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Abstract

Introduction: Golimumab (GLM) is an anti-tumor necrosis
factor-alpha antibody therapy for moderately to severely ac-
tive ulcerative colitis (UC). Endoscopic improvement is con-
sidered one of UC treatment’s main goals, and earlier predic-
tion of future endoscopic improvement has clinical implica-
tions. We retrospectively analyzed data from the PURSUIT-J,
a phase Ill randomized controlled trial evaluating the effi-
cacy of GLM in the maintenance phase, to find predictors for
endoscopic improvement after 60 weeks of GLM treatment.
Methods: Ninety-two patients who had completed the
maintenance phase of the PURSUIT-J were divided into two
groups: those with mucosal healing (MH: Mayo endoscopic
subscore of 0 or 1) and those without MH at week 60 (non-
MHs). Multivariate logistic regression analysis was conduct-
ed using baseline data in the induction phase to determine
predictive factors for MHs compared to non-MHs. Results:

Twenty-nine patients were classified as MHs and 63 as non-
MHs. The multivariate logistic regression analysis showed
that the odds ratio for partial Mayo (pMayo) score was high-
estin MHs (1.87 [95% Cl: 1.18-2.98]) at baseline in the induc-
tion phase. The receiver operating characteristic analysis to
determine the timing of predictions of MHs using pMayo
showed that an area under the curve reached 0.8 at week 14
after the first GLM administration. Discussion/Conclusion:
pMayo scores at week 14 of GLM treatment are associated
with MH at week 60. These results suggest the timing when
a clinical decision to continue GLM based on the patient-
reported outcomes and the physician’s general assessment

could be considered. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel
disease that causes long-term inflammation and ulcers in
the colon and rectum. UC is characterized by inflamma-
tion of the rectum, bleeding, urgency, and tingling, and it
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Total of 92 GLM
treated subjects
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(MES: 0 or 1 at week 60) (MES: = 2 at week 60)

MH, patients without mucosal healing;
MES, Mayo endoscopic subscore.

significantly reduces quality of life [1]. Anti-tumor necro-
sis factor-alpha (TNF-a) antibody therapy is used to treat
UC patients who have failed to respond adequately to stan-
dard therapies such as 5-aminosalicylic acid, corticoste-
roids, and azathioprine [2]. Although the outcome of UC
treatment has improved drastically since the advent of
anti-TNF-a antibody treatment, in recent years, it has been
recognized that achievement of endoscopic improvement
in addition to clinical remission is crucial [1, 3-5].

Golimumab (GLM) is the third anti-TNF-a antibody
approved for the treatment of UC in Japan. In previous
phase 3 trials (PURSUIT-SC, PURSUIT-M, and PUR-
SUIT-J), GLM showed significant efficacy in terms of
clinical response (CR), clinical remission, and mucosal
healing (MH: defined as Mayo endoscopic subscore
[MES] of 0 or 1 in the series of PURSUIT studies) in mod-
erate-to-severe UC patients [6-8]. However, about 40%
of randomized patients with UC do not respond to GLM
treatment and some patients respond slowly [8]. There-
fore, predicting the long-term efficacy of GLM before or
early after initiation of GLM treatment is clinically im-
portant.

Endoscopic improvement is considered an essential
factor for UC patients to maintain long-term remission
[5, 9-11]. Therefore, many researchers are continuously
searching for predictors of endoscopic improvement.
The usefulness of serum drug level during induction has
been reported in predicting future response to GLM [12];
however, its timely assessment may not be easy in clinical
practice.
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Therefore, in the present study, we conducted a post
hoc analysis to identify factors that predict endoscopic
improvement 1 year after GLM treatment initiation in a
Japanese UC phase 3 study (PURSUIT-]). These analyses
focused specifically on routinely collected clinical and
laboratory parameters to identify straightforward, acces-
sible, and practical factors to use in a real-world setting.

Materials and Methods

Patients and Study Design

In this study, we conducted a post hoc analysis of the data from
PURSUIT-]J study to identify predictors of patients achieving MH
(defined as MES of 0 or 1 in the series of PURSUIT studies) at 60
weeks, and to use these factors to determine the timing of when to
consider the continuation of GLM treatment. Patients enrolled in the
PURSUIT-]J study have been described in detail previously [8]. The
PURSUIT-]J study was a phase 3, double-blind, placebo-controlled,
parallel-group, randomized withdrawal study conducted to evaluate
the efficacy and safety of GLM treatment as maintenance therapy in
Japanese UC patients. A total of 144 UC patients with moderately to
severely active UC (Mayo score: 6-12) who met the inclusion and
exclusion criteria were enrolled. All included patients showed an in-
adequate response to or failed to tolerate standard treatments (oral
5-aminosalicylates, oral corticosteroids, azathioprine, and/or mer-
captopurine) or had corticosteroid dependence. All patients were na-
ive to anti-TNF-a treatments before GLM treatment.

In the PURSUIT-] study, patients received GLM doses subcu-
taneously at weeks 0 and 2. A total of 123 UC patients completed
the induction phase and entered the maintenance phase. Of these
patients, 63 who showed CR at week 6 were randomized (1:1) to
the placebo or the GLM group, while 60 who did not show CR at
week 6 were included in the open-label group.
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Table 1. Patient demographics

Factor MHs (n = 29) Non-MHs (n = 63)
Gender (male) 65.5% (19/29) 66.7% (42/63)
Age, years 37.6(11.01) 42.7 (16.12)
BMI, kg/m2 23.0 (4.15) 22.4(3.99)
Disease duration, years 8.1(7.50) 6.6 (6.12)
Extent of disease, % (n/N)

Limited to left side colon 67.7 (21/31) 59.0 (36/61)

Extensive 31.0(9/29) 41.3(26/63)
Mayo score? (0-12) 83(6;11) 7.8(6;11)
pMayo score® (0-9) 6.0 (3;8) 5.4 (4;8)
Severity of UC disease,® % (n/N) 96.6 (28/29) 98.4 (62/63)
CRP, mg/L 5.5(15.49) 4.6(10.84)
Corticosteroid dosage, mg/day 2.7 (6.15) 3.3(6.05)
Extraintestinal manifestation,d % (n/N) 75.9 (22/29) 88.9 (56/63)
Calprotectin, mg/kg 512.6 (387.53) 439.5(294.87)

Lactoferrin, pg/mL

174.3 (255.10)

184.0 (321.07)

Patient characteristics of the patients showed mucosal healing at week 60 (MHs) and the
patients did not show mucosal healing at week 60 (non-MHs). **Median (range); “moderate;

dabsent.

The study retrospectively analyzed 92 patients (32 patients from
the randomized group and 60 from the open-label group), including
44 patients who completed 60 weeks of GLM every 4 weeks and 48
patients who dropped out of the study. The patients included were
classified into two groups. Patients who showed MH (MES of 0 or
1) at week 60 were classified as MHs, while the rest were classified
as non-MHs. Patients who dropped out of the study were assumed
to have failed to achieve MH and were included in the non-MHs.

Statistical Analysis

Descriptive statistics are displayed as proportions, mean, stan-
dard deviation, minimum, median, and maximum values. The last
observation carried forward method was applied to the outcome vari-
able such as partial Mayo (pMayo), Mayo, and calprotectin. Multi-
variate logistic regression analyses were conducted to evaluate the
potential predictors using the LOGISTIC procedure of the statistical
software SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). The
potential predictors at baseline in the induction phase included Mayo
or pMayo scores, gender, age, body mass index (BMI), disease dura-
tion, extent of disease, C-reactive protein (CRP), extraintestinal man-
ifestation, corticosteroid dosage, concentration of calprotectin, and
lactoferrin. Mayo and pMayo scores were separately included in the
covariate to avoid multicollinearity. The results were presented as
odds ratios (ORs) with their 95% confidence intervals (CIs). We es-
timated the receiver operating characteristic (ROC) curve and the
area under the curve (AUC). In this study, AUC > 0.8 was considered
as “highly associated.” The Euclidean index method was used to de-
termine the cutoff value corresponding to the point on the ROC curve
closest to the left-hand corner of the ROC space [13]. We used this
method to determine the cutoff values that optimize the differentiat-
ing ability of MHs using the pMayo (or Mayo) score. The positive and
negative predictive values were also calculated together with the sen-
sitivity and specificity. All analyses were performed using SAS version
9.4, and the graphics were prepared using R, version 3.4.3 [14].

Association of 1-Year Golimumab
Treatment and Endoscopic Improvement

Results

Study Population and Baseline Characteristics

The study population is shown in Figure 1 with 29 pa-
tients classified as MHs and 63 as non-MHs. The demo-
graphic characteristics of each group (MHs and non-
MHs) are summarized in Table 1. There were no appar-
ent differences between the two groups.

Analysis of Predictors of MH at Week 60 from Patient

Demographics

We conducted a multivariate logistic regression analy-
sis using the clinical and laboratory parameters as covari-
ates to identify potential predictor candidates for MH at
week 60. Among the 11 factors considered, Mayo scores
(especially pMayo score) at baseline in the induction
phase (ORs 1.87 [95% CI: 1.18-2.98]) and age (ORs 0.50
[95% CI: 0.30-0.81]) were significantly associated with
MH at 60 weeks (Table 2).

Cutoff Value to Predict MH

Next, using a ROC analysis, we sought the optimal time
point and pMayo score cutoff value to discriminate MHs
from non-MHs (Table 3). To distinguish MHs from non-
MHs, week 14 was the earliest time point with a pMayo
< 3 toreach an AUC > 0.8. The comparison of probability
density functions between MHs versus non-MHs con-
firmed the rationality of the 14-week timing and the cutoff
value of pMayo score derived from the AUC (Fig. 2).
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Table 2. Multivariate logistic regression

analysis of MHs/non-MHs Covariate MHs versus non-MHs
W/Mayo W/pMayo
Mayo/pMayo 1.54[1.05,2.27] 1.87[1.18,2.98]
Gender (ref: female) 1.37[0.45,4.18] 1.41[0.45,4.37]
Age (unit: 10 years) 0.52[0.33,0.83] 0.50[0.30,0.81]
BMI 1.05[0.93, 1.19] 1.06 [0.94, 1.20]

Disease duration (unit: 5 years)
Extent of disease (ref: limited)

CRP, mg/dL

Extraintestinal manifestation (ref: absent)

Corticosteroid dosage (unit: 5 mg/day)
Calprotectin (unit: 100 mg/kg)
Lactoferrin (unit: 100 pg/mL)

1.48[0.96, 2.27]
0.50[0.16, 1.57]
0.95[0.65, 1.40]
1.55[0.40, 5.92]

1.50[0.96, 2.34]
0.52[0.16, 1.65]
0.92[0.62, 1.36]
1.39[0.36, 5.35]

0.83[0.54, 1.29]
1.06 [0.89, 1.26]
0.981[0.78, 1.22]

0.87[0.56, 1.36]
1.06 [0.89, 1.26]
0.96 [0.76, 1.22]

Odds ratio and its 95% confidence interval are presented; the table columns “W/Mayo”
and “W/pMayo” designate the multivariate logistic regression using the baseline Mayo
score and the baseline pMayo score as covariate, respectively.

Table 3. Cutoff value that optimizes the differentiating ability of MHs using the pMayo score

Time point Cutoff AUC (95% Cl) Sensitivity/1 — specificity PPV/NPV, %
Week 0 6 0.644 (0.518, 0.769) 0.710/0.443 20.9/59.2
Week 6 2 0.711 (0.593, 0.829) 0.552/0.190 66.7/75.3
Week 10 3 0.775 (0.671, 0.0.879) 0.793/0.302 59.4/83.3
Week 14 3 0.860 (0.783,0.937) 0.897/0.302 64.5/85.2
Week 18 3 0.893 (0.831, 0.955) 0.931/0.238 66.7/88.1
Week 22 3 0.899 (0.829, 0.969) 0.931/0/159 75.0/87.5

The Euclidian index method used to estimate the cutoff value that optimizes the differentiating ability of MHs using the pMayo (or
Mayo) score AUC > 0.8 was considered as “highly associated.” The positive and negative predictive values were also calculated together
with the sensitivity and specificity. PPV, positive predictive value; NPV, negative predictive value.

Time-Dependent Change of Fecal Calprotectin in

MHs and Non-MHs

We compared the time-dependent change in fecal cal-
protectin (FC) concentration in the MHs and non-MHs
to evaluate the status of intestinal inflammation (Fig. 3).
Compared to non-MHs, the concentration of calprotec-
tin of MHs decreased over time at 6, 36, and 60 weeks. The
calprotectin titers in non-MHs showed a tendency to de-
crease once at 6 weeks but returned to almost baseline
values at 36 and 60 weeks.

Discussion/Conclusion
In this posthocanalysis of PURSUIT-] data, the pMayo

score at week 14 was identified as a potential predictor of
endoscopic improvement after 1 year of GLM treatment.

158 Inflamm Intest Dis 2022;7:155-162
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Identifying indicators for selecting more effective and
economical strategies in UC treatment has become in-
creasingly important in recent years [15]. Therefore,
showing the potential of the pMayo score to predict en-
doscopic improvement with GLM-based therapies is
clinically important. Previous studies with various bio-
logics have shown that the rate of MH achievement in UC
patients is approximately 25-60% [7, 8, 16, 17]. Similarly,
our results show the difficulty of achieving endoscopic
improvement after 1 year even with anti-TNF antibody
treatment and highlight the importance of monitoring
and predicting the effect of treatment at an early stage in
order to develop an effective long-term treatment strate-
gy.
We investigated the predictive factors for endoscopic
improvement by comparing patients who achieved MH
(defined as MES of 0 or 1 in PURSUIT studies) and those

Nagano/Imai/Ukyo/Kobayashi/Yokoyama
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Fig. 2. Comparison of probability density. The distribution of MHs
(red) and non-MHs (blue) at week 0 and week 14 is shown. The
vertical axis denotes the probability density, while the horizontal
axis denotes the pMayo score. The red dotted line denotes the cut-
off value of MHs at a crossed point between the red and blue zones.
pMayo, partial Mayo score.

who did not after 1 year of GLM administration. In a se-
ries of PURSUIT trials, continuous administration of
GLM increased the response and remission rates until
week 14 after medication initiation [7, 8]. Endoscopic
improvement has also recently been suggested as the rec-
ommended therapeutic target for achieving long-term
maintenance of remission [9, 11]. Therefore, we believe
that our findings that the pMayo score at 14 weeks fol-
lowing the first dose of GLM could estimate the group of
patients who achieved MH at 1 year will reduce the bur-
den on patients and provide an environment in which
patients can consider GLM treatment with improved
peace of mind.

In the multivariate logistic regression analysis, age was
also extracted as the predictive factor, with ORs of 0.52
(95% CI: 0.33, 0.83) for covariates using Mayo and 0.50
(95% CI: 0.30, 0.81) for pMayo. These findings suggest
that it is more difficult to reach MH with increasing age.
In fact, when we examined the age distribution of patients
who achieved MH at 60 weeks in our study, none of them
were over 60 years of age (online suppl. Fig. 1; see www.
karger.com/d0i/10.1159/000526264 for all online suppl.
material). Previous studies have reported that older pa-
tients have higher disease activity and more frequent
IBD-related hospitalizations and surgeries [18-20], and
our results suggest that older patients may have difficulty
in controlling their disease in terms of endoscopic im-
provement. However, a larger and more detailed analysis
is needed in this regard.

Association of 1-Year Golimumab
Treatment and Endoscopic Improvement
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Fig. 3. Time-dependent change in the concentration of fecal cal-
protectin. Median fecal calprotectin concentrations (mg/kg) at
week 0 (baseline in the induction phase), 6, 36, and 60 were plotted
for MHs (red line) and non-MHs (blue line). GLM, golimumab;
MH, patients with mucosal healing; non-MH, patients without
MH.

In the present study, patients meeting the same defini-
tion of MH as PURSUIT-J (MES 0 or 1) were analyzed to
predict patients who would show MH at 60 weeks. How-
ever, it has recently been reported that patients with a
MES of 0 have a significantly lower frequency of subse-
quent total colorectal resection than those with a subscore
of 1 [21], increasing the importance of achieving and pre-
dicting endoscopic improvement.

To examine this perspective in detail, we performed an
additional logistic regression analysis, defining a MES of
0 as MH. The results suggest that Mayo and pMayo may
have the potential to be predictors of MH 60 weeks after
the initial administration of GLM (online suppl. Table 1).

In addition to this study, several other reports have
explored predictors of GLM treatment efficacy. For ex-
ample, identification of optimal serum GLM concentra-
tion thresholds during induction and maintenance ther-
apy with GLM (GO-LEVEL study) [12] and identification
of GLM trough levels to achieve endoscopic remission
have been performed [22, 23]. It has also been shown that
GLM trough levels at week 6 predict endoscopic remis-
sion at week 14 and 1 year [23]. In addition to the mea-
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surement of GLM blood level, a new blood marker called
suppressor of tumorigenicity 2 may also be useful in pre-
dicting early endoscopic remission [24]. However, addi-
tional tests are required for these predictors, and in the
real-world setting, it is difficult to predict endoscopic im-
provement by continuing treatment while monitoring
these indices. Considering the above, it is clinically useful
and important that the pMayo score can predict the ther-
apeutic effect, as suggested by the results in this study.

In this study, we also proposed a cutoff pMayo score
value (pMayo < 3 at week 14) for predicting MH at 1 year.
In recent years, it has been reported that FC can be an ef-
fective alternative biomarker to endoscopy when con-
firming the presence of intestinal inflammation in UC pa-
tients [25-27]. Furthermore, it has been reported that FC
assessment after 8 weeks with biologics is useful in pre-
dicting endoscopic improvement after 1 year [28]. In our
study, FC showed a decreasing trend at week 6 and de-
creased to much lower concentrations at 36 and 60 weeks
in MHs than non-MHs (Fig. 3). Therefore, in UC patients
with a pMayo score close to the cutoff value at week 14,
the addition of a FC measurement may enable more ac-
curate prediction.

In line with our results, the recent STRIDE-II consen-
sus conformed that symptom relief is the immediate tar-
get and that biomarkers are feasible treatment indicators
in the medium term [29]. This sequence of treatment
goals has been shown to be appropriate in previous stud-
ies [27]. Considering these factors, when the goal is to
predict MH at 1 year using indices obtained early in the
course of treatment, the pMayo score, which includes
items used in the assessment of symptomatic relief such
as stool frequency and rectal bleeding, is more appropri-
ate than the FC test which is performed to achieve the
intermediate goal.

UC symptoms reduce quality of life (HRQoL) and
adversely affect work productivity in most UC patients,
and those with moderate-to-severe UC, especially those
who have not been able to control their symptoms, will
eventually become unable to work [30]. Approximately
45% of patients with UC are reported to receive treat-
ment with the first biologic within 1 year of diagnosis,
and nearly 60% of UC patients receive treatment with a
2nd line biologic within 2 months of the last dose of the
first biologic [31]. If clinicians can determine at an early
stage that the current treatment is ineffective, they can
avoid the futile continuation of this treatment and avoid
delaying a change to the 2nd line. On the other hand, if
early stage predictors indicate that long-term endoscop-
ic improvement is highly likely, then treatment can be
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continued with confidence. Our results highlighting the
short-term improvement are consistent with the recent
STRIDE-II consensus statements that identify symp-
tomatic improvement as a short-term target [29]. None-
theless, regular endoscopy is valuable for the early detec-
tion of UC recurrence and colorectal cancer, the neces-
sity ofitsimplementation should be carefully considered,
and our results do not negate the usefulness of endos-
copy.

Several limitations of our study should be noted. First,
this study was based on the retrospective analysis of PUR-
SUIT-J, and only anti-TNF-a naive UC patients were
evaluated. Therefore, we did not evaluate whether the
pMayo score might serve as a predictor of MH in patients
who had previously received other anti-TNFs or biolog-
ics. The use of real-world data in future studies may help
clarify this issue. Second, the sample size used to analyze
the predictors of MH at 1 year was limited. Hence, larger
studies are needed to improve the clinical reliability of
our predictor further. Third, since pMayo uses Physician
Global Assessment (PGA) as one of its components,
which is a general assessment based on physician’s sub-
jectivity, our MH prediction method using pMayo also
cannot ensure the strict objectivity.

In summary, the present study implies that a pMayo
< 3 at 14 weeks is useful to predict the achievement of MH
at 1 year with GLM treatment. This predictor is unique in
that it can be assessed without additional testing or en-
doscopy. Furthermore, the combined use of the pMayo
score and FC may improve prediction accuracy. The re-
sults of this study help make GLM treatment an appropri-
ate and user-friendly treatment option for patients with
UC.
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