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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-α antibody, gradually lose clinical 
response. Therapeutic drug monitoring has been proposed 
to optimize serum anti-TNF-α 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] μg/mL vs. 0.9 [0.6–1.3] μg/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 μg/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 S. Karger AG, Basel

Introduction

Golimumab (GLM) is a fully human monoclonal 
immunoglobulin G1 antibody that inhibits tumor ne-
crosis factor-alpha (TNF-α) 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, 

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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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-naïve 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 

phase and early in the maintenance phase. GLM TLs were 
similar between the patients in clinical remission (n = 10) 
and patients not in clinical remission (n = 16) at week 6 
(median [IQR] 1.9 [1.4–2.5] μg/mL, vs. 1.2 [0.9–2.6] μg/
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] μg/mL for patients in clinical 
remission [n = 10] vs. 1.0 [0.7–1.2] μg/mL for patients not 
in clinical remission [n = 14], p = 0.027) (Fig. 1c). 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] μg/mL for patients in clinical 
remission, and 0.8 [0.6–1.0] μg/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] μg/mL for patients in clinical and lab-
oratory remission (n = 10) vs. 0.6 [0.4–0.9] μg/mL for pa-
tients not in clinical and laboratory remission (n = 9), p = 
0.002) (Fig. 1f).

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 

Patients, n 26
Male/female, n 14/12
Age, median (IQR), years 51.5 (33.3–63.8)
Weight, median (IQR), kg 57.2 (52.3–69.2)
Duration of disease, median (IQR), years 1.3 (0.7–8.8)
UC location, left side/extensive, n 7/19
Concomitant 5-aminosalicylic acid, n (%) 22 (84.6)
Concomitant immunomodulator, n (%) 9 (40.9)
Corticosteroids, n (%) 18 (69.2)
History of treatment failure with biologics, n (%) 1 (3.8)
Partial Mayo score, median (IQR) 7 (5–8)
WBC, median (IQR), /μL 7,890 (4,595–10,055)
Hb, median (IQR), g/dL 12.5 (11.5–14.0)
Platelet, median (IQR), 104/μL 30.1 (25.1–36.8)
Albumin, median (IQR), g/dL 3.9 (3.5–4.2)
CRP, median (IQR), mg/L 0.35 (0.06–2.17)

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

Table 1. Baseline demographics and clinical 
characteristics
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[2.0–2.6] μg/mL for the patients in clinical remission vs. 
1.3 [0.8–2.0] μg/mL for patients not in clinical remission, 
p = 0.110; week 10: 1.9 [1.3–2.4] μg/mL for patients in 
clinical remission vs. 1.0 [0.7–1.6] μg/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] μg/mL vs. 0.9 [0.6–1.3] μg/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] μg/mL vs. 0.8 [0.6–1.0] μg/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.

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. 1. Relationship between serum GLM TLs and clinical efficacy at week 6 (a, b), week 10 (c, d), and week 14 
(e, f). The bold horizontal line represents the median value. CRP, C-reactive protein.
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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 μg/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-

terval, 0.70–1), also with moderate accuracy. The optimal 
GLM TL threshold at week 14 was 1.1 μg/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 μg/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).

p = 0.110

Remission No remission

W
ee

k 
6 

GL
M

 T
L, 

μg
/m

L

5

4

3

2

1

0

p = 0.074

Response No response

W
ee

k 
6 

GL
M

 T
L, 

μg
/m

L

5

4

3

2

1

0

Efficacy outcome at week 54
p = 0.205

Remission No remission
W

ee
k 

10
 G

LM
 T

L, 
μg

/m
L

4

3

2

1

0

p = 0.239

Response No response

W
ee

k 
10

 G
LM

 T
L, 

μg
/m

L

4

3

2

1

0

p = 0.043

Remission No remission

W
ee

k 
14

 G
LM

 T
L, 

μg
/m

L

4

3

2

1

0

*

p = 0.009

Response No response
W

ee
k 

14
 G

LM
 T

L, 
μg

/m
L

4

3

2

1

0

*

a

b

c

d

e

f

Fig. 2. Relationship between serum GLM TLs, early after the induction phase, and clinical efficacy at week 54. 
Week 6 (a, b); week 10 (c, d); week 14 (e, f). The bold horizontal line represents the median value.
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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 

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. 4. ROC curve analysis of optimal serum GLM TL thresholds at week 14 associated with clinical remission 
(a) and clinical response (b) at week 54.
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Table 2. Demographics and clinical characteristics

Remission
at week 54

Nonremission
at week 54

p value

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), /μL 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) 12.4 (11.5–13.5) 0.331
Platelet, median (IQR), 104/μL 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), /μL 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/μL 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

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

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 μg/
mL and patients whose TLs did not exceed 
the optimal GLM week-14 TL threshold.
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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 μg/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 μg/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 μg/mL 
(p = 0.01).

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 μg/mL. In the present study, the tar-
get threshold of GLM TL at week 14 was similar, at 1.1 μg/
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-α 
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-α 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-α 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-α antibodies in guiding treatment in the fu-

Table 3. Demographics and clinical characteristics at week 14

High TL 
(>1.1 μL/mL)

Low TL 
(<1.1 μL/mL)

p value

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), /μL 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), 104/μL 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.
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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-α 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 μg/mL is pre-

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.
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