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Article 
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Abstract: Background: Tacrolimus (TAC) effectively induces remission in refractory ulcerative colitis (UC). 

However, TAC therapy usually lasts for 3 months. Although azathioprine (AZA) is often used in maintenance 

therapy, the relapse rate remains high. Herein, we evaluated the efficacy of adalimumab (ADA) for remission 

maintenance in patients with UC after induction therapy with TAC. Methods: We prospectively enrolled 

patients with moderate-to-severe UC who achieved clinical remission after 3 months of TAC therapy with 

endoscopic non-mucosal healing (Cohort A). After TAC discontinuation, the remission maintenance rate for 

up to 1 year after starting ADA therapy was examined. We retrospectively enrolled patients with UC treated 

with TAC (Cohort B). Among patients in clinical remission after TAC treatment for 3 months, those who 

received AZA as remission maintenance therapy after TAC discontinuation constituted the AZA group. 

Patients in Cohort A who received ADA and AZA as remission maintenance therapy after TAC discontinuation 

constituted the ADA group. We compared the remission maintenance rates in AZA and ADA groups for up to 

5 years after TAC discontinuation. Results: In Cohort A, of the 46 patients with UC treated with TAC, 17 were 

eligible for analysis after receiving ADA as remission maintenance therapy. A notable 88.2% (15/17) were still 

in remission 1 year after starting ADA. The ADA group (n=16) exhibited a significantly higher relapse-free rate 

than the AZA group (n=26) (p<0.05; log-rank test).Conclusion: Switching to ADA for remission maintenance in 

patients with refractory UC who achieved clinical remission with TAC is clinically useful. 

Keywords: adalimumab; tacrolimus; ulcerative colitis 

 

1. Introduction 

Ulcerative colitis (UC) characterized by inflammation of the colon, involving cycles of remissions 

and relapses[1]. Tacrolimus (TAC), a calcineurin inhibitor, has a high remission induction rate in 

patients with steroid-dependent, resistant, moderate-to-severe UC[2–4]. For achieving remission, 

TAC therapy generally lasts for 3 months; however, most patients experience relapse after 

discontinuing TAC[5,6]. The usefulness of azathioprine (AZA), an immunomodulatory agent, as 

remission maintenance therapy after TAC discontinuation has been reported[7,8], and AZA is 

commonly used in clinical practice; however, the relapse rate remains high despite AZA therapy[9]. 

A high relapse rate has been reported in patients in whom endoscopic mucosal healing had not been 

achieved at the time of TAC discontinuation[10]. However, TAC therapy is indicated for refractory 

UC with high disease activity, with few patients achieving complete mucosal healing even 3 months 

after initiation of therapy. Therefore, it is necessary to introduce maintenance therapy to prevent UC 

relapse, especially in patients who fail to achieve mucosal healing despite TAC treatment. Pellet et al. 

retrospectively evaluated the efficacy of vedolizumab (VDZ) as maintenance remission therapy in 
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patients with UC who responded to and reported favorable outcomes after calcineurin inhibitors 

(cyclosporine or tacrolimus) as induction remission therapy[11]. To be considered a suitable agent 

for remission maintenance therapy after TAC treatment, a drug must demonstrate long-term efficacy 

and a strong safety profile. The effectiveness of adalimumab (ADA), an anti-TNFα drug, in sustaining 
long-term remission in UC has been demonstrated[12,13]. Moreover, there have been numerous 

reports on presence of few anti-drug antibodies and high safety of ADA[14–17]. Therefore, ADA is 

considered a promising therapeutic candidate for maintaining remission after TAC therapy. 

However, the potential benefits of switching to ADA for remission maintenance after TAC treatment 

have not been explored. Herein, the usefulness of a new treatment strategy (switching to ADA) for 

maintaining remission in patients with refractory UC, who achieved clinical remission with TAC 

treatment, is investigated. 

2. Materials and Methods 

2.1. Statement of Ethics  

This study was performed in accordance with the principles outlined in the Declaration of 

Helsinki. The study protocol was approved by the Ethics Committee of Osaka Medical and 

Pharmaceutical University (No. 2155-3). Written informed consent was obtained from all patients 

included in the study. 

2.2. Study Design and Patients 

Cohort A (Switching to ADA after remission induction therapy with TAC) 

Among patients with moderate-to-severe UC who received TAC as remission induction therapy 

at Osaka Medical and Pharmaceutical University Hospital between March 2014 and December 2016, 

those who achieved clinical remission 3 months after the initiation of TAC and had not yet achieved 

endoscopic mucosal healing were prospectively enrolled. The main exclusion criteria were as follows: 

(1) patients with a history of treatment with anti-TNFα antibody agents; (2) patients with diseases 
listed in the package insert as contraindications or warnings against ADA administration, such as 

serious infections, demyelinating diseases, or malignant tumors; and (3) patients who did not provide 

consent for study participation. Patients who met the inclusion criteria and were enrolled in the study 

were started on ADA for remission maintenance after TAC was discontinued by dose tapering 3 

months after treatment initiation. Patients who had already received AZA at the initiation of ADA 

were continued on AZA, whereas those who had not received AZA were simultaneously initiated on 

AZA. Patients with a history of adverse reactions to AZA were not administered the drug. The 

primary endpoint was the sustained remission of UC 1 year after initiation of ADA; secondary 

endpoints were the surgical procedure rate and incidence of side effects. 

Cohort B (Comparison of AZA and ADA as therapies for maintaining remission after TAC 

discontinuation) 

Among patients with moderate-to-severe UC treated with TAC at Osaka Medical and 

Pharmaceutical University Hospital between December 2007 and December 2016, those who 

achieved clinical remission 3 months after receiving TAC and were treated with AZA as maintenance 

therapy after discontinuation of TAC were enrolled retrospectively. The patients who received AZA 

alone after TAC discontinuation constituted the AZA group. Patients in Cohort A who received ADA 

and AZA combination maintenance therapy after TAC discontinuation constituted the ADA group. 

The number of patients that achieved and maintained remission for up to 5 years after 

discontinuation of TAC in both groups were compared. In addition, risk factors related to clinical 

relapse after discontinuation of TAC were identified and analyzed. 

2.3. Drug Administration 
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In all the patients in Cohorts A and B, TAC was orally administered twice daily at an initial dose 

of 0.1 mg/kg/day. Serum trough concentrations were maintained at 10–15 ng/ml for 2 weeks, then 5–
10 ng/ml for 3 months. As appropriate, serum trough concentrations were measured and TAC doses 

were adjusted. Three months after the initiation of TAC, the dose was tapered and then discontinued. 

In Cohort A, all patients initially received ADA at a dose of 160 mg, followed by 80 mg after 2 weeks, 

subcutaneously and subsequently 40 mg subcutaneously every 2 weeks; AZA was initiated at 1 

mg/kg, and dose was adjusted while monitoring white blood cell counts and mean corpuscular 

volume (MCV) levels. 

2.4. Definitions 

The Lichtiger index was used to assess clinical disease activity[18,19]. Clinical remission was 

defined as a Lichtiger index of 3 points or less. The ulcerative colitis endoscopic index of severity 

(UCEIS) was used to assess endoscopic disease activity, with endoscopic mucosal healing defined as 

an UCEIS score of 0 points[20–22]. Clinical relapse was defined as the need for remission-inducing 

therapy, treatment escalation, hospitalization, or colectomy. 

2.5. Statistical Analysis  

Quantitative data were summarized using the median and interquartile range (IQR), while 

categorical variables were presented using frequencies and percentages. We used Fisher’s exact test 

or Pearson's chi-square test for categorical variables and the Mann–Whitney U test for continuous 

variables to compare demographic variables. The rate of maintaining clinical remission was analyzed 

using Kaplan–Meier analysis, and differences between groups were evaluated using the log-rank test. 

The risk factors for relapse after TAC treatment were calculated as odds ratios (ORs) with 95% 

confidence intervals (CIs) using logistic regression analysis. Statistical significance was set at p <0.05 

(two-tailed test). All statistical analyses were performed using JMP®, Version 15.2.1, SAS In-stitute 

Inc, Cary, NC, 1989-2021, USA. 

3. Results 

3.1. Cohort A 

3.1.1. Patient Characteristics 

Of the 46 patients with refractory UC treated with TAC during the study period, 30 achieved 

clinical remission after 3 months. Among these, 18 patients were enrolled, excluding eight patients 

who had previously used anti-TNFα antibody preparations, one patient who had achieved 
endoscopic mucosal healing as confirmed by colonoscopy findings 3 months after TAC 

administration, and three patients who did not provide consent to participate. ADA was 

administered to maintain remission. Finally, 17 patients were included in the analysis, after excluding 

one patient who discontinued ADA after initiation at his discretion (Figure 1). 
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Figure 1. Patient flowchart for Cohort A. Forty-six patients received tacrolimus treatment from March 

2014 to December 2016. Of these, 17 were in clinical remission but not endoscopic remission after 3 

months and could be switched to ADA as therapy to maintain remission. 

The clinical characteristics of the patients are presented in Table 1. The median age was 48 years, 

with 58.8% of the patients being male, and a median (IQR) UC duration of 5 years (2–15 years). 

Among all patients with UC included in the study, 70.6% had pancolitis. At the initiation of TAC 

therapy, 15 patients (88.2%) were being treated with 5-ASA, five (29.4%) with AZA, and six (35.5%) 

with prednisolone (PSL). The median (IQR) C-reactive protein (CRP) level at the initiation of TAC 

was 1.18 (0.14–10.66), and the Lichtiger CAI was 13 (10–14). The median (IQR) CRP and Lichtiger CAI 

at the start of ADA therapy were 0.07 (0.03–0.14) and 1 (1–3), respectively. Fifteen patients were 

treated with ADA and AZA for maintaining remission, except for two patients who exhibited 

intolerance to AZA and could not receive the combination regimen. 
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3.1.2. Maintenance of Clinical Remission up to 1 year after ADA 

Figure 2 shows the Kaplan–Meier curve for relapse-free survival up to 1 year after starting 

maintenance therapy with ADA. Two patients (11.8%) experienced a clinical relapse of UC during 

the first year after the introduction of ADA, while 15 (88.2%) remained in remission. Of the two 

patients who relapsed, one responded positively to 5-ASA enema and continued ADA treatment. The 

other patient switched treatment to infliximab (IFX). None of the patients underwent surgery, and 

no adverse effects related to ADA administration were reported.  
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Figure 2. Relapse-free survival up to 1 year after starting adalimumab as therapy for maintaining 

remission after discontinuation of tacrolimus therapy. 

3.2. Cohort B 

3.2.1. Patient Characteristics 

Throughout the study period, TAC was administered to 103 patients with refractory UC, and 

after 3 months of treatment, clinical remission was achieved in 65 patients. After discontinuation of 

TAC, 26 patients (AZA group) received maintenance therapy with AZA alone, and 16 patients (ADA 

group) received ADA in combination with AZA (Figure 3). Table 2 shows a comparison of patient 

characteristics at TAC initiation between the AZA and ADA groups. No significant differences were 

observed in sex, age, disease duration, or disease type between the two groups. The Lichtiger indexes 

at the initiation of TAC therapy exhibited no significant difference between the AZA and ADA 

groups (median [IQR] 13 [11–15.5] vs. 13 [10–14], p=0.43). Furthermore, no significant differences 

were observed in the blood and biochemical findings between the two groups. 

 

Figure 3. Patient flowchart for Cohort B. A total of 103 patients received tacrolimus treatment from 

December 2007 to December 2016. Of these, 26 (AZA group) achieved clinical remission after 3 

months and maintained remission with AZA alone, while 16 (ADA group) maintained remission with 

ADA plus AZA. 
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TAC=tacrolimus; ADA=adalimumab; AZA=azathioprine; IFX=infliximab; TNF=tumor necrosis factor; 

UC=ulcerative colitis; WBC=white blood cell; Hb=hemoglobin; CRP=C-reactive protein; Plt=Platelet; 

IQR=interquartile range 

3.2.2. Comparison of clinical remission 5 years after discontinuation of TAC between the AZA and 

ADA groups 

Figure 4 shows relapse-free survival in the AZA and ADA groups 5 years after TAC 

discontinuation. The overall relapse-free rate was significantly higher in the ADA group than in the 

AZA group (p <0.05; log-rank test). Three patients (11.5%) in the AZA group and one patient (6.3%) 

in the ADA group underwent surgery during the observation period. 
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Figure 4. Comparison of the AZA and ADA groups in terms of relapse-free survival up to 5 years 

after discontinuation of tacrolimus. 

3.2.3. Comparison of clinical characteristics in the remission and relapse groups 

To identify the risk factors for relapse after discontinuing TAC, we categorized 42 patients 

enrolled in Cohort B into two groups: those who maintained remission and those who relapsed. Their 

clinical characteristics were compared until 5 years after discontinuation of TAC. The remission and 

relapse groups comprised 15 and 27 patients, respectively, with no significant differences in clinical 

characteristics between the two groups. Notably, no significant differences were evident in the 

Lichtiger index or blood biochemical parameters at TAC initiation. Significantly more patients in the 

remission group received ADA for maintaining remission after TAC discontinuation (p=0.03) (Table 

3). Logistic regression analysis, used to examine factors predicting maintenance of clinical remission 

after TAC discontinuation, revealed a significant association between ADA administration and 

maintenance of clinical remission (OR=4.3 [95% CI: 1.1–16.4], p=0.03) (Table 4). 
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4. Discussion 

In Cohort A, we prospectively evaluated the usefulness of ADA as therapy for maintaining 

remission after discontinuing TAC in patients with refractory UC who achieved clinical remission 

with TAC treatment but had not yet achieved endoscopic mucosal healing. The results indicated that 

switching from TAC to ADA was highly effective in maintaining remission. In Cohort B, the ADA 

group exhibited a significantly higher relapse-free rate than the control group, highlighting the 

usefulness of an ADA-based treatment strategy in maintaining remission after TAC discontinuation. 

Although TAC is a highly effective remission-inducing agent for refractory UC with high disease 

activity[23–25], the high rate of UC relapse after discontinuation is concerning. TAC is specifically 

indicated for the treatment of severe refractory UC, which is characterized by a tendency to recur. 

Additionally, TAC is typically administered for 3 months, with few cases showing mucosal healing 

at the time of treatment discontinuation. In particular, many patients relapse early after discontinuing 

TAC, suggesting that mucosal healing might not have occurred at the time of discontinuation[10]. 

Therefore, particularly for patients who have not achieved mucosal healing at the time of TAC 
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discontinuation, conventional AZA therapy used to maintain remission is insufficient. Thus, there is 

a clinical need for additional treatment or strategies. We believe that this study is of great significance 

because it proposes a new treatment strategy that can potentially fulfil the abovementioned clinical 

need. 

In addition to ADA, alternative anti-TNFα antibody therapies indicated for the treatment of UC 
include IFX and GLM. ADA has been reported to be less effective in inducing remission among these 

therapies, but does have a certain level of efficacy in maintaining remission[12]. Moreover, ADA is a 

fully sequence-derived human antibody, indicating a low incidence of anti-drug antibody generation 

and a high long-term safety profile. The reason for using ADA in this study stems from our focus on 

patients with UC who achieved clinical remission through TAC treatment, to prioritize long-term 

safety and efficacy during the maintenance of remission. Concerns of overtreatment may arise 

regarding the administration of ADA to patients with UC already in clinical remission. However, in 

this study, ADA administration was limited to patients with UC manifesting residual disease activity, 

as confirmed endoscopically, and those having a high likelihood of UC relapse. For such cases, 

additional treatment may be of clinical importance in preventing early UC relapse. Some clinicians 

advocate initiating anti-TNFα antibody therapy as a dual strategy to induce and sustain remission 
instead of administering TAC. In hospitalized patients with acute severe UC, determining the most 

effective therapy between the anti-TNFα antibody therapies, IFX, or the calcineurin inhibitors, 
cyclosporine or tacrolimus, to reduce the risk of colectomy is critical (AGA Guidelines). Although 

IFX is the most potent remission-inducing agent among biological therapies, it is still reported to have 

a high incidence of primary inefficacy in UC with high disease activity[26]. Notably, high 

inflammation in intestinal tissues increases the clearance of anti-TNFα antibody agents, resulting in 

lower drug concentrations[27]. In contrast, TAC has been shown to induce remission in patients with 

UC with high disease activity[2–4,23] and is an important therapeutic agent at specialized IBD centers 

owing to its capacity for individualized serum trough concentrations. Therefore, a reasonable 

treatment strategy entails induction of remission with TAC followed by anti-TNFα antibody therapy 
for maintaining remission in hospitalized patients with UC related to high disease activity. 

Pellet et al. retrospectively evaluated the efficacy of a calcineurin inhibitor (cyclosporine or 

tacrolimus) for inducing remission and vedolizumab (VDZ) as additional therapy for maintaining 

remission in 39 patients with steroid-resistant UC[11]. In the aforementioned study, most patients 

initially responded positively to calcineurin inhibitors, and VDZ was only administered if they 

responded adequately to induction therapy. The results showed that more than two-thirds of patients 

did not need a colectomy. To the best of our knowledge, the current study is the first to report the 

administration of biological therapies for maintaining remission in patients with UC who responded 

to TAC therapy. To this end, this is the first study to document the administration of ADA in 

maintaining remission after TAC treatment. In the future, drugs other than ADA and VDZ, such as 

ustekinumab and filgotinib, exhibiting relatively high safety profiles and long-term efficacy, may also 

be considered for maintaining remission. 

This study has several limitations. First, the study design should have involved a prospective 

comparison of therapeutic efficacy in maintaining remission by categorizing patients into two 

groups: one receiving ADA and the other not, after the discontinuation of TAC. The reason for 

choosing a single arm study design with ADA stems from the single-center nature of the research 

and limited availability of patients with UC receiving TAC. In addition, clinical data on maintenance 

of remission with AZA after TAC discontinuation were accessible, facilitating a retrospective 

comparative study. Second, the sample size was small. Nevertheless, this study was a pilot study, 

thus necessitating a prospective, randomized, multicenter study in the future, depending on the 

observed results. 

5. Conclusions 

Switching to ADA as therapy for maintaining remission in patients with refractory UC who had 

achieved clinical remission with TAC therapy was effective in preventing re-lapse. Further 
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investigation of this treatment strategy in a prospective multicenter study with a larger sample size 

is warranted. 
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