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Abstract

Background and Aims: A considerable number of patients
with ulcerative colitis (UC) who initially respond to golim-
umab (GLM), an anti-TNF-a antibody, gradually lose clinical
response. Therapeutic drug monitoring has been proposed
to optimize serum anti-TNF-a antibody concentrations be-
fore the loss of response; however, little is known about ide-
al serum GLM concentrations. We aimed to evaluate wheth-
er the serum GLM trough levels (TLs) early after the initiation
of induction therapy affect the long-term outcomes in UC
and to identify the early GLM TLs that should be targeted for
better long-term outcomes. Methods: Thirty-one patients
were prospectively evaluated. The primary outcome was
clinical remission at 54 weeks, and we measured the serum
GLM TLs at weeks 6, 10, and 14. Receiver operating charac-
teristic (ROC) curves were constructed to identify optimal
GLM TL thresholds early after induction therapy that were
associated with clinical remission at week 54. Results: The

GLM TL at week 14, but not at weeks 6 or 10, was significant-
ly associated with clinical remission at week 54 (median [IQR]
1.6[1.3-1.6] ug/mLvs.0.9[0.6-1.3] ug/mL; p = 0.04). The area
under the ROC curve for GLM TLs at week 14 was 0.78. We
identified a week-14 GLM TL of 1.1 pg/mL as the target
threshold for achieving clinical remission at week 54. Con-
clusion: Our results demonstrate the value of early serum
GLM TLs in predicting the long-term outcomes of GLM for

patients with UC. ©2022 5. Karger AG, Basel

Introduction

Golimumab (GLM) is a fully human monoclonal
immunoglobulin G1 antibody that inhibits tumor ne-
crosis factor-alpha (TNF-a) and is approved for the
treatment of moderate to severe ulcerative colitis (UC).
The safety and efficacy of subcutaneous GLM induc-
tion therapy were investigated in PURSUIT-SC, a ran-
domized, double-blind, placebo-controlled study [1].
This study showed that, at week 6 (end of the induction
phase), the clinical response rate was 51% among pa-
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tients given GLM, compared with 30%, among patients
given placebo. The exposure-response relationship was
examined further, and it was observed that higher
quartiles of serum GLM trough levels (TLs) were asso-
ciated with greater clinical response and clinical remis-
sion rates at week 6 [2]. Magro et al. [3] also reported
that TLs at week 6 of GLM treatment correlated not
only with clinical response at week 6 but also with en-
doscopic/histological disease activity and fecal calpro-
tectin levels.

In comparison to PURSUIT-SC, a phase III mainte-
nance study (PURSUIT-M) examined the long-term
safety and efficacy of GLM [4]. At week 54, 42.4% of the
patients in the GLM 100-mg group were in clinical remis-
sion, compared to 26.6% in the placebo group, indicating
that GLM was more effective than placebo. However, up
to 40% of the patients with UC, who initially responded
to GLM, lost clinical response over time. One of the main
reasons for loss of response is the pharmacokinetic profile
of GLM - lower GLM TLs during maintenance therapy
have been associated with loss of response, while higher
TLs have been associated with clinical remission [2]. The
key may be to determine the pharmacokinetic profile of
GLM in the patient and intervene to optimize the target
concentration before losing response. Early measure-
ments of drug concentrations may improve outcomes in
cases of inefficacy associated with inadequate serum drug
concentrations. However, there is a lack of information
regarding the possibility to predict early the long-term
outcome of patients treated with GLM. The objective of
this prospective study was to evaluate whether serum
GLM TLs, early after initiation of induction therapy, af-
fect long-term outcomes in UC and to identify clinically
relevant TLs that should be targeted for better long-term
outcomes.

Materials and Methods

Patients

This prospective, observational study was performed at Osaka
Medical and Pharmaceutical University Hospital, from May 2017
to October 2020. The study included consecutive patients with UC
who were initiated on GLM therapy (induction therapy) and who
fulfilled the following inclusion criteria: age between 18 and 75,
with a diagnosis of moderate-to-severe UC. The exclusion criteria
were imminent need for surgery, history of malignancy, and any
contraindications specified in GLM’s product monograph, such as
tuberculosis, severe infection, or congestive heart failure. After in-
clusion and exclusion criteria were applied, a total of 31 patients
were enrolled. Induction therapy was from week 0 to 6. Patients
were administered 200-mg GLM at week 0, and 100 mg at week 2,
subcutaneously. After week 6, maintenance treatment began,
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which entailed 100 mg of subcutaneous GLM, every 4 weeks. Only
enrolled patients who were administered the week-6 100-mg sub-
cutaneous injection were included in this study.

Outcomes

Our primary outcome was clinical remission at week 54. We
defined clinical remission as a partial Mayo (pMayo) score of two
points or fewer, with each subscore being zero or one. Clinical re-
sponse was defined as a decrease from baseline score by at least
three points, and 30% decrease in the pMayo score, accompanied
by a decrease of at least one point in the rectal bleeding score, or a
rectal bleeding score of zero. Clinical and laboratory remission was
defined as being in clinical remission with a normal C-reactive
protein level.

Serum GLM and Anti-GLM Antibody Measurements

GLM TLs were determined using Golimumab ELISA (Matriks
Biotechnology Co. Ltd., Ankara, Turkey), with serum samples col-
lected immediately before administration of the third, fourth, and
fifth injection (at week 6, 10, and 14, respectively). Anti-GLM an-
tibodies were determined using the qualitative Antibody to Goli-
mumab ELISA Kit (Matriks Biotechnology Co. Ltd.). Anti-GLM
antibody status (detectable or not detectable) could only be re-
ported qualitatively. This assay did not allow for the detection of
antidrug antibodies in the presence of GLM. We evaluated anti-
GLM antibodies in serum samples obtained at week 14.

Statistical Analysis

All statistical analyses were performed using the JMP v15.2.1
software (SAS Institute, Cary, NC, USA). Quantitative data were
summarized using median and interquartile range [IQR], and cat-
egorical variables were described using frequency and percentage.
We used the Wilcoxon signed-rank test for the comparison of the
serum GLM TLs between the patients who achieved and did not
achieve the specified efficacy outcomes. The Cochrane-Armitage
test for trend was used for trend analysis in GLM TLs quartile data.
Receiver operating characteristic (ROC) curves were constructed
to find the best sensitivity and specificity cut-off values of GLM TL,
at early time points, for the prediction of outcomes at week 54.
Moreover, ROC curves were used to identify cut-off prevalence-
adjusted positive and negative predictive values (PPV and NPV,
respectively). Kaplan-Meier survival analysis plots and log-rank
tests were used to compare GLM termination rates between the
study arms. Statistical significance was set as p < 0.05 (two-sided
test).

Results

Patient Characteristics

Twenty-six (out of 31) patients completed the induc-
tion phase (week 1-6). The two reasons for patient dis-
continuation from the study were the lack of treatment
efficacy (n = 2) and protocol violation (n = 3). Table 1
shows the baseline demographics and clinical character-
istics of the 26 patients. The median age was 51.5 years
and 53.8% of the patients were male. The median [IQR]
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Table 1.Baseline demographics and clinical

characteristics Patients, n

Male/female, n

Age, median (IQR), years

Weight, median (IQR), kg

Duration of disease, median (IQR), years
UC location, left side/extensive, n
Concomitant 5-aminosalicylic acid, n (%)
Concomitant immunomodulator, n (%)

Corticosteroids, n (%)

History of treatment failure with biologics, n (%)
Partial Mayo score, median (IQR)

WBC, median (IQR), /uL

Hb, median (IQR), g/dL

Platelet, median (IQR), 10%/uL

Albumin, median (IQR), g/dL

CRP, median (IQR), mg/L

26

14/12
51.5(33.3-63.8)
57.2(52.3-69.2)
1.3(0.7-8.8)
7/19

22 (84.6)
9(40.9)

18 (69.2)

1(3.8)

7 (5-8)

7,890 (4,595-10,055)
12.5(11.5-14.0)
30.1(25.1-36.8)
3.9(3.5-4.2)
0.35(0.06-2.17)

UG, ulcerative colitis; WBC, white blood cell; CRP, C-reactive protein; IQR, interquartile

range.

duration of UC was 1.3 [0.7-8.8] years. The percentage of
patients with UC with extensive disease was 73.1%. Eigh-
teen patients (69.2%) were on corticosteroids at the start
of GLM treatment, and 9 patients (34.6%) were taking an
immunosuppressive drug as concomitant medication.
Twenty-five of the patients were bio-naive and only one
was bio-switched from adalimumab. The median [IQR]
pMayo score was 7 [5-8].

Clinical Response

Fourteen patients (53.8%) responded to induction
therapy at week 6: 4 patients (15.4%) showed clinical re-
sponse, and 10 (38.5%) achieved clinical remission. Seven
patients discontinued GLM by week 14, owing to the lack
of efficacy. At week 54, 8 patients (30.8%) had sustained
clinical remission, while 5 patients (19.2%) had lost re-
sponse. Of the 17 patients with GLM failure, 12 were
switched to infliximab (IFX) and 6 (50%) achieved clini-
cal remission. Two patients were switched to tofacitinib,
and both achieved clinical remission. One patient was
switched to vedolizumab but did not respond. One pa-
tient was treated with 5-aminosalicylic acid suppositories
and one with oral prednisolone in combination with
GLM, and both achieved clinical remission. A total of 69
samples from 26 patients were analyzed at 6, 10, and 14
weeks, for 26, 24, and 19 patients, respectively.

Relationship between Serum GLM TL and Treatment

Outcomes

First, we examined the relationship between GLM TLs
and the effectiveness of GLM at the end of the induction
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phase and early in the maintenance phase. GLM TLs were
similar between the patients in clinical remission (7 = 10)
and patients not in clinical remission (n = 16) at week 6
(median [IQR] 1.9 [1.4-2.5] pg/mL, vs. 1.2 [0.9-2.6] pg/
mL, p = 0.268) (Fig. 1a). In contrast, GLM TLs were sig-
nificantly associated with clinical remission at week 10
(median [IQR] 1.7 [1.3-2.4] pg/mL for patients in clinical
remission [n=10] vs. 1.0 [0.7-1.2] ug/mL for patients not
in clinical remission [n = 14], p = 0.027) (Fig. 1¢c). At week
14, 11 patients (42.3%) were in clinical remission and 12
patients (46.2%) were nonresponders. GLM TLs were sig-
nificantly associated with clinical remission at week 14
(median [IQR] 1.5 [1.2-2.0] pg/mL for patients in clinical
remission, and 0.8 [0.6-1.0] pg/mL for patients not in
clinical remission, p = 0.041) (Fig. 1e). Next, we examined
the relationship between GLM TLs and “clinical and lab-
oratory remission” at weeks 6 (Fig. 1b), 10 (Fig. 1d), and
14 (Fig. 1f). GLM TLs were significantly associated with
clinical and laboratory remission at week 14 only (median
[IQR] 1.5 [1.2-2.0] pg/mL for patients in clinical and lab-
oratory remission (n = 10) vs. 0.6 [0.4-0.9] pg/mL for pa-
tients not in clinical and laboratory remission (n=9), p =
0.002) (Fig. 1).

Predictive Value of Post-Induction GLM TLs

Serum GLM TLs at weeks 6, 10, and 14 were compared
between the patients in clinical remission and nonremis-
sion at week 54. All patients who were in clinical remis-
sion at week 54 had normal C-reactive protein levels.
GLM TLs at week 6 and week 10 were not associated with
clinical remission at week 54 (median [IQR] week 6: 2.3
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Fig. 1. Relationship between serum GLM TLs and clinical efficacy at week 6 (a, b), week 10 (¢, d), and week 14
(e, f). The bold horizontal line represents the median value. CRP, C-reactive protein.

[2.0-2.6] pug/mL for the patients in clinical remission vs.
1.3 [0.8-2.0] ug/mL for patients not in clinical remission,
p = 0.110; week 10: 1.9 [1.3-2.4] ug/mL for patients in
clinical remission vs. 1.0 [0.7-1.6] pg/mL for patients not
in clinical remission, p = 0.205) (Fig. 2a, c). However, the
serum GLM TLs at week 14 were significantly associated
with clinical remission at 54 weeks of treatment (median
[IQR] 1.6 [1.3-1.6] pg/mL vs. 0.9 [0.6-1.3] pg/mL, p =
0.043) (Fig. 2e). Similarly, the GLM TLs at week 14 were
also significantly higher in clinical response patients at
week 54, than those who were not in response (median
[IQR] 1.6 [1.4-1.8] pg/mL vs. 0.8 [0.6-1.0] yg/mL, p =
0.009) (Fig. 2f). These results suggest that the long-term
outcome is associated with the GLM TL of week 14, but
not with the GLM TL of week 6 or week 10, possibly be-
cause it is too early in treatment for TL analysis.
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To further investigate the exposure-response relation-
ship, quartile analysis was carried out at week 14 (Fig. 3).
The proportions of patients achieving efficacy outcomes
increased with increasing GLM TLs (p = 0.0002 for clini-
cal response at week 54 and p = 0.076 for clinical remis-
sion at week 54).

Serum Anti-GLM Antibody Status and Associated

Therapeutic Response

At week 14, 3 patients (11.5%) had detectable anti-
GLM antibodies. There was no significant difference in
the positive detection of anti-GLM antibodies between
the patients in remission and nonremission at week 14 (1
[9.1%] out of the 11 patients vs. 2 [13.3%] out of 15 pa-
tients, p = 0.738). There was also no significant difference
in the positive detection of anti-GLM antibodies at week
14 between remission and nonremission patients at week
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Fig. 2. Relationship between serum GLM TLs, early after the induction phase, and clinical efficacy at week 54.
Week 6 (a, b); week 10 (¢, d); week 14 (e, f). The bold horizontal line represents the median value.

54 (1 [12.5%] out of 8 patients vs. 2 [11.1%] out of the 18
patients, p = 0.574).

ROC Curve Analyses

ROC curves were generated to identify the optimal se-
rum GLM TL thresholds early after induction that were
associated with the long-term clinical improvement in
UC. Figure 4a shows the ROC curve for GLM TLs at week
14, with an endpoint of clinical remission at week 54. The
area under the ROC curve for GLM TLs at week 14 was
0.78 (95% confidence interval, 0.54—1) with moderate ac-
curacy (0.7-0.9). For clinical remission at week 54, the
threshold GLM TL of 1.1 pg/mL at week 14 was associ-
ated with a sensitivity, specificity, PPV and NPV of 87.5%,
62.5%, 70% and 83.3%, respectively. Similarly, the ROC
curve for GLM TLs at week 14 was generated, with an
endpoint of clinical response at week 54 (Fig. 4b), and the
area under the ROC curve was 0.87 (95% confidence in-
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terval, 0.70-1), also with moderate accuracy. The optimal
GLM TL threshold at week 14 was 1.1 ug/mL, which was
the same as the clinical remission endpoint, and the sen-
sitivity value, specificity value, PPV, and NPV were 88.9%,
71.4%, 80%, and 83.3%, respectively.

Kaplan-Meier Curve Analyses

Figure 5 depicts the survival analysis of time to treat-
ment termination. Nineteen patients who received the
week-14 injection were included in this analysis. The
analysis was divided into patients whose GLM TLs ex-
ceeded the optimal GLM week-14 TL target threshold of
1.1 pg/mL and those whose GLM TLs did not. GLM ter-
mination rate by week 54 was significantly lower in the
>1.1 group compared with the <1.1 group (n =11, 27.3%
vs. n =8, 87.5%, respectively, p = 0.033). The median time
to GLM termination was significantly longer in the >1.1
group compared with the <1.1 group (p = 0.006).
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Demographics and Clinical Characteristics Associated

with Clinical Remission and GLM TLs

We examined clinical factors associated with clinical
remission at week 54. As shown in Table 2, no baseline
factors were associated with clinical remission at week 54.
On the other hand, pMayo score, albumin, and platelet at
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week 14 were significantly associated with clinical remis-
sion at week 54 (p = 0.003, 0.031, and 0.047, respectively).
Finally, we examined clinical factors associated with GLM
TL at week 14 (Table 3). pMayo score and albumin were
significantly associated with GLM TL at week 14 (p =
0.001 and 0.031, respectively).
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Fig. 5. Kaplan-Meier curve analysis show-
ing treatment termination over time for
patients whose serum TLs exceeded the op-
timal GLM week-14 TL threshold of 1.1 g/
mL and patients whose TLs did not exceed
the optimal GLM week-14 TL threshold.
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Table 2. Demographics and clinical characteristics
Remission Nonremission p value
at week 54 at week 54

Baseline
Patients, n 8 18
Male/female, n 5/3 9/9 0.555
Age, median (IQR), years 48.5 (41.5-55.5) 58 (33.3-64) 0.505
Weight, median (IQR), kg 56.8 (52.5-58.5) 62.2 (52.5-70) 0.597
Duration of disease, median (IQR), years 6.7 (1.2-19.3) 1.2(0.8-7.3) 0.211
UC location, left side/extensive, n 3/5 4/14 0.418
Concomitant immunomodulator, n (%) 4 (50) 5(27.8) 0.272
Partial Mayo score, median (IQR) 6 (3-6.5) 7 (5.3-8) 0.128
WBC, median (IQR), /uL 8,135 (3,940-9,635) 7,890 (5,312-10,445) 0.803
Hb, median (IQR), g/dL 12.9(11.9-14.8) 124 (11.5-13.5) 0.331
Platelet, median (IQR), 10%/uL 31.6 (22.4-35.8) 29.4 (25.3-36.5) 0.978
Albumin, median (IQR), g/dL 4.0(3.7-4.2) 3.8(3.4-4.2) 0.486
CRP, median (IQR), mg/L 0.33(0.05-1.47) 0.18 (0.10-1.83) 0.934

Week 14
Patients, n 8 11
Male/female, n 5/3 6/5 0.729
Age, median (IQR), years 48.7 (41.7-55.7) 59.2 (33.7-67.7) 0.508
Duration of disease, median (IQR), years 6.9 (1.4-19.5) 2.1(1.0-8.3) 0.385
UC location, left side/extensive, n 3/5 1/10 0.134
Concomitant immunomodulator, n (%) 4 (50) 2(18.2) 0.141
Partial Mayo score, median (IQR) 0(0-1.3) 4.5 (2.3-6) 0.003
WBC, median (IQR), /uL 4,515 (4,273-5,508) 5,390 (4,295-7,855) 0.433
Hb, median (IQR), g/dL 13(12.6-14.8) 12.1(10.7-13.3) 0.342
Platelet, median (IQR), 104/|JL 20.3(18.0-27.1) 30.2 (24.3-34.2) 0.047
Albumin, median (IQR), g/dL 4.2 (4.0-4.5) 3.6 (3.4-3.9) 0.031
CRP, median (IQR), mg/L 0.03 (0.01-0.05) 0.35(0.18-0.85) 0.098

UG, ulcerative colitis; WBC, white blood cell; CRP, C-reactive protein; IQR, interquartile range.
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Table 3. Demographics and clinical characteristics at week 14

High TL Low TL p value

(>1.1 pL/mL) (<1.1 pL/mL)
Patients, n 11 8
Male/female, n 5/6 6/2 0.198
Age, median (IQR), years 50 (37-61) 53.5 (33.8-66.5) 0.563
Duration of disease, median (IQR), years 3.6 (1.5-13.3) 3.3(1.1-9) 0.508
UC location, left side/extensive, n 3/8 1/7 0.435
Concomitant immunomodulator, n (%) 4 (36.4) 2 (25) 0.599
Partial Mayo score, median (IQR) 0(0-2) 6 (3-6) 0.001
WBC, median (IQR), /uL 4,560 (4,215-5,865) 5,965 (4,698-9,673) 0.231
Hb, median (IQR), g/dL 12.8 (12-13.9) 12.3(10.3-14.3) 0.591
Platelet, median (IQR), 10%/uL 24.7 (18.7-28.3) 31.5(23.5-35.0) 0.117
Albumin, median (IQR), g/dL 4.0 (3.9-4.4) 3.5(3.3-3.8) 0.031
CRP, median (IQR), mg/L 0.03 (0.02-0.05) 0.63 (0.32-0.96) 0.052

TL, trough level; UC, ulcerative colitis; WBC, white blood cell; CRP, C-reactive protein; IQR, interquartile range.

Discussion

This is the first prospective study to evaluate the asso-
ciation between GLM TLs, early after initiation of induc-
tion therapy, and long-term outcomes of GLM treatment
in patients with UC. We showed that the patients who
achieved clinical remission at week 54 demonstrated sig-
nificantly higher GLM TLs at week 14, compared to the
patients who were not in clinical remission at week 54. It
has been reported that several UC patients who are treat-
ed with GLM show a loss of response during the course
of the treatment [1, 4]. Therefore, predicting long-term
outcomes using GLM TLs using early responses during
the course of treatment may be clinically valuable in de-
termining the appropriate therapeutic interventions to
prevent a loss of response. Although there are limited re-
ports on the exposure-response relationships during
GLM maintenance therapy, a loss of response may be
caused by insufficient exposure to the drug because high-
er GLM TLs are associated with clinical remission [2]. In
the present study, 6 (42.9%) out of 14 patients who re-
sponded at week 6 showed loss of response by week 54. A
GLM w14 TL of 1.1 ug/mL was the target threshold for
achieving clinical remission at week 54, with a sensitivity
of 87.5% and a specificity of 62.5%. Furthermore, the
GLM termination rate by week 54 was 27.3% in the pa-
tients with GLM TLs of 1.1 pg/mL or higher at week 14,
which was significantly lower than the termination rate
of 87.5% in patients with GLM TLs of less than 1.1 ug/mL

(p=0.01).
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GLM TLs at week 10 were significantly higher in pa-
tients in clinical remission at week 10, compared with the
TLs of patients not in remission, but TLs at week 10 were
not associated with remission at week 54. As the serum
GLM is reported to reach steady-state TL at week 14 [2,
5], if GLM concentrations are already low at week 14, it is
likely that this pharmacokinetic profile will not change.
Therefore, our finding that GLM w14 TL is associated
with long-term clinical outcomes is reasonable. Further-
more, in the PURSUIT-M study analysis, the target
threshold TL for maintenance of steady-state response
was identified as 1.4 ug/mL. In the present study, the tar-
get threshold of GLM TL at week 14 was similar, at 1.1 pg/
mL, which supports the findings of the PURSUIT-M
study.

A strong association between the TLs and treatment
efficacy has also been reported for IFX, an anti-TNF-a
monoclonal antibody [6, 7]. Additionally, it has been re-
ported that the IFX TLs at an early time point during the
course of treatment is predictive of the long-term IFX ef-
ficacy [8-11]. Therapeutic drug monitoring of anti-
TNF-a antibodies may be a desirable strategy in the man-
agement of patients with inflammatory bowel disease
(IBD). However, the question of whether treatment effi-
cacy can be attained or regained by increasing the dos-
ages of anti-TNF-a antibodies, in patients who have low
serum drug concentrations, remains unanswered. Mixed
results have been reported by studies that examined IFX
TL-guided therapy [12-14]. Several IBD guidelines men-
tion the possibility of using therapeutic drug monitoring
of anti-TNF-a antibodies in guiding treatment in the fu-
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ture, but these guidelines do not make any recommenda-
tions at present [15-17]. For GLM, prospective studies
are needed to investigate dose titration for patients with
low serum drug concentrations, with the goal of exceed-
ing the identified TL threshold.

In this study, GLM TLs were significantly associated
with clinical remission at week 14 and more significantly
with clinical and laboratory remission. In addition, GLM
TLs were significantly associated with pMayo score and
albumin at week 14. This suggests that low GLM TLs may
not suppress inflammation at early stages after the initia-
tion of induction therapy. On the other hand, pMayo
score, albumin, and platelet at week 14 were significantly
associated with clinical remission at week 54. In general,
the maintenance of remission is known to be related not
only to the serum drug concentration but also to the clin-
ical factors in the treatment of IBD with anti-TNF-a an-
tibodies [18-21]. We showed that not only GLM TLs but
also disease activity at week 14 are associated with long-
term outcomes in UC.

The current study used a drug resistance-free assay
and found that anti-GLM antibodies were present in 4
(15.4%) out of the 26 patients at week 14 of treatment
[22]. The presence of anti-GLM antibodies was not asso-
ciated with the efficacy of GLM at week 14 or in the long
term. This result is consistent with previous reports, sug-
gesting that immunogenicity may not play an important
role in GLM efficacy. However, due to the small number
of cases and the use of a drug-resistant immunoassay, it
is not possible to conclusively prove causality.

This study has some limitations. First, the sample size
was relatively small. Therefore, multivariate analysis
could not be performed to analyze whether the GLM TL
at week 14 was an independent factor to predict the out-
come at week 54. Second, as endoscopic remission was
not the primary endpoint, GLM outcomes at week 54 may
have appeared to be improved. Third, the assays used to
measure GLM TLs and anti-GLM antibodies in this study
are commercially available, but caution should be exer-
cised when comparing the target thresholds between
studies, as the measurements cannot be directly com-
pared if different assays are used to obtain these measure-
ments.

Conclusion
We explored the relationship between early GLM TLs

and long-term outcomes in UC patients. Our results
show that a GLM w14 TL threshold of 1.1 pg/mL is pre-

Golimumab Trough Levels Predict
Remission in Patients with UC

dictive of clinical remission at week 54. Further studies
are needed to assess the value of proactive therapeutic
drug monitoring and dosage adaptation, based on post-
induction phase TLs, in predicting long-term GLM effi-
cacy.

Statement of Ethics

This study was performed according to the principles of the
Declaration of Helsinki and the study protocol was approved by
the Ethics Committee of Osaka Medical and Pharmaceutical Uni-
versity (No. 2804). Written informed consent was obtained from
each patient included in this study.

Conflict of Interest Statement

Shiro Nakamura reports receiving speaking fees from AbbVie
GK, EA Pharma Co., Ltd., Mitsubishi Tanabe Pharma Corpora-
tion., Mochida Pharmaceutical Co., Ltd., Takeda Pharmaceutical
Co., Ltd, and Janssen Pharmaceutical K.K. Dr. Shinya Fukunishi is
an Associate Editor of “Digestion.”

Funding Sources

This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Author Contributions

Hideki Tawa collected data and wrote the initial draft of the
manuscript. Kazuki Kakimoto designed the study and interpreted
the data and drafted the manuscript. Keijiro Numa, Naohiko
Kinoshita, Yuka Kawasaki, Yoshihiro Tatsumi, Ryoji Koshiba, Sa-
toshi Nakata, Yuki Hirata, Kazuhiro Ota, Naokuni Sakiyama,
Yuichi Kojima, Eiko Koubayashi, Hiroki Nishikawa, Toshihisa
Takeuchi, Takuya Inoue, Shinya Fukunishi, Takako Miyazaki, Shi-
ro Nakamura, and Kazuhide Higuchi have contributed to data col-
lection and interpretation and have critically reviewed the manu-
script. All authors approved the final version of the manuscript
and agree to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

Data Availability Statement

The data are not publicly available because there is no appro-
priate site for uploading at present. The data underlying this article
will be shared on reasonable request to the corresponding author.

Digestion 2022;103:329-338 337
DOI: 10.1159/000524593

ical Association
4:35:20 AM




—

References

Sandborn WJ, Feagan BG, Marano C, Zhang
H, Strauss R, Johanns J, et al. Subcutaneous
golimumab induces clinical response and re-
mission in patients with moderate-to-severe
ulcerative colitis. Gastroenterology. 2014;146:
85-95.

Adedokun OJ, Xu Z, Marano CW, Strauss R,
Zhang H, Johanns J, et al. Pharmacokinetics
and exposure-response relationship of golim-
umab in patients with moderately-to-severely
active ulcerative colitis: results from phase 2/3
PURSUIT induction and maintenance stud-
ies. ] Crohns Colitis. 2017;11(1):35-46.
Magro F, Lopes S, Silva M, Coelho R, Portela
F, Branquinho D, et al. Low golimumab
trough levels at week 6 are associated with
poor clinical, endoscopic and histological
outcomes in ulcerative colitis patients: phar-
macokinetic and pharmacodynamic sub-
analysis of the evolution study. ] Crohns Coli-
tis. 2019;13:1387-93.

Sandborn WJ, Feagan BG, Marano C, Zhang
H, Strauss R, Johanns J, et al. Subcutaneous
golimumab maintains clinical response in pa-
tients with moderate-to-severe ulcerative
colitis. Gastroenterology. 2014;146:96-109.
Berends SE, Strik AS, Jansen JM, de Boer NK,
van Egmond PS, Brandse JF, et al. Pharmaco-
kinetics of golimumab in moderate to severe
ulcerative colitis: the GO-KINETIC study.
Scand | Gastroenterol. 2019;54:700-6.
Adedokun OJ, Sandborn W], Feagan BG,
Rutgeerts P, Xu Z, Marano CW, et al. Asso-
ciation between serum concentration of inf-
liximab and efficacy in adult patients with ul-
cerative colitis. Gastroenterology. 2014;147:
1296-307.

Cornillie F, Hanauer SB, Diamond RH, Wang
J, Tang KL, Xu Z, et al. Postinduction serum
infliximab trough level and decrease of C-re-
active protein level are associated with dura-
ble sustained response to infliximab: a retro-
spective analysis of the ACCENT I trial. Gut.
2014;63:1721-7.

10

11

12

13

14

Bodini G, Giannini EG, Savarino V, Del Nero
L, Lo Pumo S, Brunacci M, et al. Infliximab
trough levels and persistent vs transient anti-
bodies measured early after induction predict
long-term clinical remission in patients with
inflammatory bowel disease. Dig Liver Dis.
2018;50:452-6.

van Hoeve K, Dreesen E, Hoffman I, Van As-
sche G, Ferrante M, Gils A, et al. Adequate
infliximab exposure during induction pre-
dicts remission in paediatric patients with in-
flammatory bowel disease. | Pediatr Gastro-
enterol Nutr. 2019;68:847-53.

Kobayashi T, Suzuki Y, Motoya S, Hirai F,
Ogata H, Ito H, et al. First trough level of inf-
liximab at week 2 predicts future outcomes of
induction therapy in ulcerative colitis-results
from a multicenter prospective randomized
controlled trial and its post hoc analysis. |
Gastroenterol. 2016;51:241-51.

Bossuyt P, Dreesen E, Rimola J, Devuysere S,
De Bruecker Y, Vanslembrouck R, et al. Inf-
liximab exposure associates with radiologic
evidence of healing in patients with Crohn’s
disease. Clin Gastroenterol Hepatol. 2021;19:
947-54.

Steenholdt C, Brynskov J, Thomsen OO,
Munck LK, Fallingborg J, Christensen LA, et
al. Individualised therapy is more cost-effec-
tive than dose intensification in patients with
Crohn’s disease who lose response to anti-
TNF treatment: a randomised, controlled tri-
al. Gut. 2014;63:919-27.

Vaughn BP, Martinez-Vazquez M, Patward-
han VR, Moss AC, Sandborn WTJ, Cheifetz AS.
Proactive therapeutic concentration moni-
toring of infliximab may improve outcomes
for patients with inflammatory bowel disease:
results from a pilot observational study. In-
flamm Bowel Dis. 2014;20:1996-2003.

Paul S, Del Tedesco E, Marotte H, Rinaudo-
Gaujous M, Moreau A, Phelip JM, et al. Ther-
apeutic drug monitoring of infliximab and
mucosal healing in inflammatory bowel dis-
ease: a prospective study. Inflamm Bowel Dis.
2013;19:2568-76.

338

DOI: 10.1159/000524593

Digestion 2022;103:329-338

15

16

17

19

20

21

22

Torres J, Bonovas S, Doherty G, Kucharzik T,
Gisbert JP, Raine T, et al. ECCO guidelines on
therapeutics in Crohn’s disease: medical
treatment. ] Crohns Colitis. 2020;14:4-22.
Lamb CA, Kennedy NA, Raine T, Hendy PA,
Smith PJ, Limdi JK, et al. British Society of
Gastroenterology consensus guidelines on
the management of inflammatory bowel dis-
ease in adults. Gut. 2019;68:51-106.
Panaccione R, Steinhart AH, Bressler B,
Khanna R, Marshall JK, Targownik L, et al.
Canadian Association of Gastroenterology
clinical practice guideline for the manage-
ment of luminal Crohn’s disease. ] Can Assoc
Gastroenterol. 2019;2:e1-34.

Schnitzler F, Fidder H, Ferrante M, Noman
M, Arijs I, Van Assche G, et al. Long-term
outcome of treatment with infliximab in 614
patients with Crohn’s disease: results from a
single-centre cohort. Gut. 2009;58:492-500.
Shin SY, Park SJ, Kim Y, Im JP, Kim HJ, Lee
KM, etal. Clinical outcomes and predictors of
response for adalimumab in patients with
moderately to severely active ulcerative coli-
tis: a KASID prospective multicenter cohort
study. Intest Res. 2021 Jul 23. Epub ahead of
print.

Kumei S, Sakurai T, So S, Itaba S, Akiho H,
Nakamura S, et al. Impact of the concomitant
use of immunomodulator and a lower week 8
partial mayo score on the persistence of adali-
mumab in refractory ulcerative colitis. Intern
Med. 2021 Dec;60(24):3849-56.

Singh N, Rosenthal CJ, Melmed GY, Mirocha
], Farrior S, Callejas S, et al. Early infliximab
trough levels are associated with persistent re-
mission in pediatric patients with inflamma-
tory bowel disease. Inflamm Bowel Dis. 2014;
20:1708-13.

Detrez I, Dreesen E, Van Stappen T, de Vries
A, Brouwers E, Van Assche G, et al. Variabil-
ity in golimumab exposure: a “real-life” ob-
servational study in active ulcerative colitis. |
Crohns Colitis. 2016;10:575-81.

Tawa et al.

Downloaded by:

Japanese Gastroenterological Association
211.2.161.126 - 9/8/2022 4:35:20 AM


https://www.karger.com/Article/FullText/524593?ref=1#ref1
https://www.karger.com/Article/FullText/524593?ref=2#ref2
https://www.karger.com/Article/FullText/524593?ref=3#ref3
https://www.karger.com/Article/FullText/524593?ref=3#ref3
https://www.karger.com/Article/FullText/524593?ref=4#ref4
https://www.karger.com/Article/FullText/524593?ref=5#ref5
https://www.karger.com/Article/FullText/524593?ref=6#ref6
https://www.karger.com/Article/FullText/524593?ref=7#ref7
https://www.karger.com/Article/FullText/524593?ref=8#ref8
https://www.karger.com/Article/FullText/524593?ref=9#ref9
https://www.karger.com/Article/FullText/524593?ref=9#ref9
https://www.karger.com/Article/FullText/524593?ref=10#ref10
https://www.karger.com/Article/FullText/524593?ref=10#ref10
https://www.karger.com/Article/FullText/524593?ref=11#ref11
https://www.karger.com/Article/FullText/524593?ref=12#ref12
https://www.karger.com/Article/FullText/524593?ref=13#ref13
https://www.karger.com/Article/FullText/524593?ref=13#ref13
https://www.karger.com/Article/FullText/524593?ref=14#ref14
https://www.karger.com/Article/FullText/524593?ref=15#ref15
https://www.karger.com/Article/FullText/524593?ref=16#ref16
https://www.karger.com/Article/FullText/524593?ref=17#ref17
https://www.karger.com/Article/FullText/524593?ref=17#ref17
https://www.karger.com/Article/FullText/524593?ref=18#ref18
https://www.karger.com/Article/FullText/524593?ref=19#ref19
https://www.karger.com/Article/FullText/524593?ref=20#ref20
https://www.karger.com/Article/FullText/524593?ref=20#ref20
https://www.karger.com/Article/FullText/524593?ref=21#ref21
https://www.karger.com/Article/FullText/524593?ref=22#ref22
https://www.karger.com/Article/FullText/524593?ref=22#ref22

	startTableBody
	startTableBody
	startTableBody

