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Abstract
Background  Although the clinical efficacy of tofacitinib in patients with ulcerative colitis (UC) has been assessed in the 
OCTAVE trial, there is a lack of adequate data on its efficacy in real-world clinical settings.
Aims  To analyze the efficacy of tofacitinib and the predictors of its continuation.
Methods  Changes in clinical activity index (CAI), blood test results (C-reactive protein [CRP], albumin [Alb], and hemo-
globin), and endoscopic scores (Mayo endoscopic subscore [MES], ulcerative colitis endoscopic index of severity [UCEIS]) 
were evaluated, and we investigated the factors that affect the rate and continuity of tofacitinib.
Results  Twenty-two patients with UC who were treated with tofacitinib were enrolled. Tofacitinib was continued in 16/22 
(72.7%) patients. CAI significantly improved 4 weeks after tofacitinib induction (P < 0.01). In the blood tests, only Alb level 
improved significantly at week 2 compared with baseline (P = 0.03). In the non-failure group, serum Alb and CRP levels 
improved significantly from week 0 to week 24; however, similar changes were not observed in the failure group. After 
6 months, the overall MES and UCEIS had significantly improved (P = 0.03 and P = 0.02, respectively). Kaplan–Meier 
analysis demonstrated that those with baseline UCEIS ≥ 5 had significantly lower tofacitinib continuation rate than those with 
baseline UCEIS ≤ 4, suggesting that baseline UCEIS may be a predictor of tofacitinib continuation (log-rank test: P < 0.01).
Conclusions  Tofacitinib is a promising therapeutic agent for the induction and maintenance therapy in UC. Baseline UCEIS 
may predict its therapeutic effects.
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Introduction

Ulcerative colitis (UC) is an idiopathic inflammatory 
bowel disease (IBD) with repeated relapses and remissions 
[1]. Previously, steroids constituted the basic treatment for 
moderate-to-severe UC; however, steroid resistance and 
refractory disease are common clinical problems [2–4]. 
Persistent chronic inflammation of the colon due to steroid 
resistance may eventually result in colectomy [5, 6]. Addi-
tionally, in the case of steroid dependence, it is necessary 
to use steroids continuously even if the symptoms of UC 
are alleviated because of frequent relapses when steroids 
are discontinued [7, 8].

There was no alternative treatment for steroids in refrac-
tory UC; however, the treatment options have increased in 
recent years with the development of various treatments. 
Most of them are biological therapies that can be used 
continuously—from induction of remission to the main-
tenance of remission. Previously, the usefulness of inflixi-
mab (IFX), adalimumab (ADA), and golimumab (GOL) 
that target the tumor necrosis factor (TNF)-α have been 
reported, and they still play a central role in clinical prac-
tice in the treatment of UC [9–11]. Additionally, vedoli-
zumab (VDZ), tofacitinib, and ustekinumab, which target 
other inflammatory cytokines involved in UC pathologies, 
have also been reported to be useful [12–14]. Tofacitinib is 
an oral Janus kinase inhibitor. Three randomized, double-
blind, placebo-controlled, phase III trials evaluated the 
usefulness and safety of tofacitinib in UC [13]. These trials 
focused on the induction of remission (OCTAVE Induc-
tion 1 and OCTAVE Induction 2) and maintenance therapy 
(OCTAVE Sustain); they revealed the induction and main-
tenance effects of tofacitinib in UC.

Therefore, although the usefulness and proper use of 
tofacitinib have been reported in large-scale clinical trials, 
its real-world data in clinical practice are lacking. Further-
more, with the increasing number of treatment options for 
steroid-resistant UC, it is crucial to analyze cases in clini-
cal practice in which tofacitinib can be continued. In this 
study, we aimed to evaluate the clinical activity, biological 
laboratory findings, and endoscopic findings and analyze 
them to identify predictors of efficacy and continuation of 
tofacitinib at our institution.

Materials and Methods

Patients and Study Design

Patients with UC who were treated with tofacitinib at 
the Hamamatsu University School of Medicine between 

January 2019 and February 2021 were enrolled in this 
study. These patients were diagnosed with UC according 
to the established current criteria based on typical clinical 
symptoms, endoscopic findings, and histological evalua-
tion [15]. Patients with IBD such as indeterminate colitis 
or unclassified IBD at the time of diagnosis were excluded.

This was a retrospective, single-center observational 
study. The primary endpoint was the evaluation of factors 
that affected the continuation rate of treatment with tofaci-
tinib. The secondary endpoints were changes in clinical 
activity index (CAI), laboratory findings at weeks 0, 2, 8, 
and 24, and endoscopic scores at weeks 0 and 24.

Disease Assessment

We evaluated the clinical disease activity using CAI accord-
ing to Rachmilewitz [16]. In this study, clinical remission 
was defined as CAI of 4, while clinical response was defined 
as a decrease of 4 points in CAI compared with that at base-
line. Patients who achieved clinical remission or clinical 
response were considered as responders. Serum levels of 
C-reactive protein (CRP), albumin (Alb), and hemoglobin 
(Hb) were measured at the Hamamatsu University School 
of Medicine.

Endoscopic Assessment

The endoscopic score of UC was evaluated using Mayo 
endoscopic subscore (MES) and ulcerative colitis endo-
scopic index of severity (UCEIS). The criteria for MES were 
as follows: 0, normal or inactive disease; 1, mild disease 
with erythema, decreased vascular pattern, and mild friabil-
ity; 2, moderate disease with marked erythema, absence of 
vascular patterns, friability, and erosions; and 3, severe dis-
ease with spontaneous bleeding and ulceration [17]. UCEIS 
score was calculated by summing the scores of the follow-
ing three descriptors: vascular pattern (score, 0–2), bleed-
ing (score, 0–3), and erosions and ulcers (score, 0–3) [18]. 
UCEIS scores are in the range of 0–8.

Treatment and Follow‑Up of Patients

Patients enrolled in this study visited our hospital regularly 
once a week for 2 months. Tofacitinib was orally admin-
istered at a dose of 10 mg twice daily during the induc-
tion phase and 5 mg twice daily during the maintenance 
phase. In order to understand the patient’s conditions outside 
the hospital, patients were instructed to record any clinical 
symptoms based on CAI. Patients filled out the CAI-based 
data daily on a record sheet, and at the time of examination, 
we collected the record sheet to evaluate the CAI. Switch-
ing from tofacitinib to another treatment due to an increase 
in the number of bowel movements, appearance of bloody 
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stools, and increase in CAI by 4 points or more was defined 
as failure, and the treatment decisions were at the discretion 
of the attending physician. Some laboratory data were miss-
ing because some patients did not visit our hospital due to 
inconvenience.

Statistical Analysis

Statistical analyses were performed using SPSS v24 (IBM 
Corp., Armonk, NY, USA) and EZR (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan). The 
Mann–Whitney U test or Student’s t-test was used to evalu-
ate differences. Kaplan–Meier analysis with log-rank test 
was used to evaluate the cumulative failure-free rate. Statisti-
cal significance was set at P < 0.05.

Results

Patient Characteristics

Overall, 22 patients with UC who were treated with tofaci-
tinib were enrolled in this study (Table 1). The mean age 
of the patients was 45.7 years, and the mean disease dura-
tion was 7.2 years (range, 0.8–28). Of them, 14 patients had 
extensive colitis, seven had left-sided colitis, and one had 
proctitis. Other treatments administered at the start of tofaci-
tinib therapy were oral 5-aminosalicylic acid (5-ASA) in 
13 patients (59.1%), suppository steroids in three patients 
(13.6%), and systemic steroids in three patients (13.6%). 
Ten patients (45.5%) had a history of using biologicals. One 
patient in remission with GOL was forced to discontinue it 
due to the side effects and was switched to tofacitinib. The 
patient’s CAI was 1, CRP was 0.01 mg/dL, MES was 0, and 
UCEIS was 2.

Changes in Failure‑Free Rate, CAI, and Biomarkers 
with Tofacitinib

The failure-free rates with tofacitinib at 1 and 6 months were 
77.3% and 72.4%, respectively (Fig. 1A). The median obser-
vation period in this study was 309.5 days. Five patients 
did not improve with tofacitinib within 1 month and were 
considered to have primary non-response. Although one 
patient demonstrated improvement after beginning the 
treatment, the patient failed to respond after 5 months and 
was adjudged to have secondary non-response. Therefore, 
16/22 patients were determined to have non-failure, and the 
remaining six were determined to have failure to therapy. 
CAI did not improve significantly at week 2 in all patients 
but improved significantly at 1 month compared with the 
baseline (Fig. 1B). In 20 patients with available laboratory 
data, the data were compared between baseline and week 

2. Although serum CRP level was not significantly differ-
ent, it demonstrated an improving tendency, while serum 
Alb level showed a significant increase (P = 0.05, P = 0.03, 
respectively) (Fig. 1C, D). However, Hb levels did not dem-
onstrated any significant change (P = 0.90) (Fig. 1E).

Comparison of Non‑failure and Failure 
with Tofacitinib

The 16 patients with non-failure and six patients with fail-
ure with tofacitinib treatment were compared (Table 2). 
Regarding the disease extent in the non-failure group, eight 
patients had extensive colitis, seven patients had left-sided 
colitis, and one patient had proctitis, whereas all patients in 
the failure group had extensive colitis. Significant differ-
ences were observed in the MES and UCEIS scores for the 
baseline endoscopic score. One patient had MES 0 in the 
failure group who was switched from GOL to tofacitinib due 
to the side effects of GOL. The CAI in the non-failure group 
demonstrated a significant improvement between week 2 and 
month 6 compared with baseline value (Fig. 2A).

Table 1   Baseline characteristics

Data are presented as mean (range) ± standard deviation or n (%)
CAI clinical activity index, CRP C-reactive protein, Alb albumin, Hb 
hemoglobin, MES Mayo endoscopic subscore, UCEIS ulcerative coli-
tis endoscopic index of severity, 5-ASA 5-aminosalicylic acid

Characteristics at enrollment N = 22

Age (years) 45.7 (20–73) ± 16.2
Males/females 13/9 (59.1/40.9)
Disease duration (years) 7.2 (0.8–28) ± 7.2
Disease extent
Extensive colitis 14 (63.6)
Left-sided colitis 7 (31.8)
Proctitis 1 (4.5)
CAI (Rachmilewitz index) 4.8 (1–9) ± 1.8
CRP (mg/dL) 0.47 (0.01–6.59) ± 1.10
Alb (g/dL) 4.03 (2.9–4.8) ± 0.49
Hb (g/dL) 12.87 (8.9–15.5) ± 1.97
MES
MES 0 1 (4.5)
MES 1 6 (27.3)
MES 2 12 (54.5)
MES 3 3 (13.6)
UCEIS 4.09 (2–7) ± 1.38
Other medication at start
Oral 5-ASA 13 (59.1)
Suppository steroids 3 (13.6)
Systemic steroids 3 (13.6)
History of biologics use 10 (45.5)
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Changes in the laboratory results between the groups 
were examined. In the non-failure group, CRP demonstrated 
a significant improvement at week 2 and was maintained 
until week 8 and week 24 compared with the baseline value 
(Fig. 2B). The group with failure was evaluated up to week 
2 due to treatment interruption. CRP, Alb, and Hb levels 
demonstrated no significant change at week 2 compared with 
the baseline values (Fig. 2C, E, G). Similar to CRP, Alb also 
demonstrated a significant improvement between week 2 and 
week 24 in the non-failure group compared with the base-
line value; however, Hb did not demonstrate any significant 
change in any of the periods evaluated (Fig. 2D, F).

Endoscopic Evaluation in Tofacitinib Treatment

Changes in endoscopic scores were analyzed in six patients 
with non-failure who continued tofacitinib treatment for 
up to 6 months (Fig. 3A, B). Both MES and UCEIS dem-
onstrated significant improvement 6 months after starting 
tofacitinib. Particularly, UCEIS had improved remarkably. 
Furthermore, we analyzed the failure-free rate by dividing 
patients into UCEIS ≥ 5 and UCEIS ≤ 4 groups (Fig. 3C). Of 
14 patients in the UCEIS ≤ 4 group, one failed to respond 
to therapy. In contrast, of eight patients in the UCEIS ≥ 5 
group, five failed to respond due to primary non-response. 
The failure-free rates of these two groups were significantly 
different according to Kaplan–Meier analysis (log-rank test, 
P < 0.01).

Discussion

In this study based on real-world experience, we analyzed 
the treatment continuity rate of tofacitinib in UC and inves-
tigated the factors that influence the same. The usefulness 
of tofacitinib in UC was demonstrated in the OCTAVE trial 
[13]. The basis of treatment in UC is induction and main-
tenance of remission, and the OCTAVE trial conducted a 
detailed analysis of induction and maintenance. We com-
pared the effects of tofacitinib and laboratory tests in the 
OCTAVE trial and our study as much as possible. We tried to 
analyze the laboratory findings and endoscopic scores from 
a different perspective than that of the OCTAVE trial. In the 
OCTAVE trial, CAI was evaluated using the partial Mayo 
score. In our study, changes in the clinical symptoms were 
evaluated using CAI according to Rachmilewitz. Although 

no significant improvement was observed in CAI at 2 weeks 
after starting tofacitinib in all patients, CAI demonstrated a 
significant improvement in those with non-failure but not 
in those with failure to therapy. In the OCTAVE trial, CRP 
levels were assessed, while we evaluated changes in Alb and 
Hb in addition to CRP. In the group with failure, evaluation 
can be performed for up to only 2 weeks due to the early 
modification of treatments other than tofacitinib, and none of 
these parameters demonstrated significant changes at week 
2. In contrast, in the non-failure group, CRP demonstrated 
a significant decrease and Alb demonstrated a significant 
increase 2 weeks after starting tofacitinib. Although CRP is 
a non-specific marker that reflects systemic inflammation, 
it is the commonest biomarker used in clinical practice of 
IBD. It has been reported that improvement in CRP within a 
short period of 2–4 weeks after starting treatment with IFX 
and ADA is associated with the subsequent prognosis in UC 
[19–22]. In particular, Iwasa et al. [20] reported that CRP 
changes 2 weeks after IFX induction in UC could predict 
the clinical prognosis. Our study demonstrated a significant 
improvement in CRP level only in the group with non-fail-
ure, thus, suggesting that CRP level 2 weeks after tofacitinib 

Fig. 1   Failure-free rate following tofacitinib induction and changes 
in clinical activity index (CAI) and laboratory results in all enrolled 
patients. A Survival curve of failure-free patients after tofacitinib 
induction over time. B CAI changes in all enrolled patients follow-
ing tofacitinib induction. The differences in serum levels of C-reac-
tive protein (CRP) (A), albumin (Alb) (B) and hemoglobin (Hb) (C) 
between week 0 and week 2

◂

Table 2   Comparison of non-failure and failure with tofacitinib

Data are presented as mean ± standard deviation or n (%)
CAI clinical activity index, CRP C-reactive protein, Alb albumin, Hb 
hemoglobin, MES Mayo endoscopic subscore, UCEIS ulcerative coli-
tis endoscopic index of severity, 5-ASA 5-aminosalicylic acid

Characteristics at enrollment Non-failure
n = 16

Failure
n = 6

Age (years) 44.19 (16.33) 50.00 (16.58)
Males/females, n (%) 8/8 (50.0/50.0) 5/1 (83.3/16.7)
Disease duration (years) 8.18 (7.37) 4.50 (6.63)
Disease extent
Extensive colitis 8 (50.0) 6 (100.0)
Left-sided colitis 7 (43.8) 0 (0.0)
Proctitis 1 (6.2) 0 (0.0)
CAI (Rachmilewitz index) 4.75 (1.77) 5.00 ± 2.19
CRP (mg/dL) 0.53 (1.28) 0.30 (0.36)
Alb (g/dL) 4.11 (0.50) 3.83 (0.43)
Hb (g/dL) 12.82 (1.76) 13.02 (2.62)
MES
MES 0 0 (0.0) 1 (16.7)
MES 1 6 (37.5) 0 (0.0)
MES 2 9 (56.2) 3 (50.0)
MES 3 1 (6.2) 2 (33.3)
UCEIS 3.62 (1.20) 5.33 (1.03)
Other medications
Oral 5-ASA 10 (62.5) 3 (50.0)
Suppository steroids 3 (18.8) 0 (0.0)
Systemic steroids 2 (12.5) 1 (16.7)
History of biologics use 7 (43.8) 3 (50.0)
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induction may contribute to the non-failure rate. Lee et al. 
[23] reported that the improvement in Alb level at week 2 
after the induction of anti-TNF-α antibody preparation was 
associated with colectomy, endoscopic outcomes, and clini-
cal outcomes. These results are similar to those in our study, 
which demonstrated a significant increase in albumin levels 
2 weeks after the introduction of tofacitinib. As described 
above, it was demonstrated that the improvement in CRP 
and Alb levels at 2 weeks after induction may be predictor 
of long-term prognosis in the treatment of UC using biolog-
ics, including tofacitinib. In this study, the continuation rate 
at 6 months after tofacitinib induction was 72.4%. In the 
analysis of other studies, the tofacitinib continuation rate 
was 55–71%, which was relatively close to our data, and the 
data of this study were considered to be valid [24–27]. Fur-
thermore, changes in the endoscopic scores were evaluated 
in six patients with non-failure who were observed for more 
than 6 months. Originally, 14 patients were followed up 
for > 6 months, but colonoscopy was not performed in eight 
patients in order to prevent the spread of COVID-19 infec-
tion; therefore, only six patients had endoscopic assessment 
data. In addition to MES evaluated in the OCTAVE trial, 
UCEIS was evaluated in our study. After 6 months of follow-
up, both MES and UCEIS had significantly improved. As 
presented in Table 2, UCEIS demonstrated a significant dif-
ference between the group with and without failure. There-
fore, evaluation using UCEIS may indicate the association 
of the subsequent therapeutic effects of tofacitinib. There-
fore, we performed Kaplan–Meier analysis by dividing the 
patients according to baseline UCEIS ≥ 5 and UCEIS ≤ 4; 
a significant difference was observed in the failure-free 
rate between the groups. Although the data are not shown, 
Kaplan–Meier analysis according to baseline MES revealed 
no significant differences in this study.

It is a simple theory that lower endoscopic scores before 
treatment can be expected to be more effective in UC treat-
ment. In this study, the baseline UCEIS score was particu-
larly superior to baseline MES in predicting the subsequent 
prognosis, and the optimal cutoff value was UCEIS of 5. 
Several reports have compared MES and UCEIS before the 
beginning of treatment to examine the endoscopic scores that 
predict the clinical outcomes in UC [25–27]. Ruscio et al. 
[28] analyzed the endoscopic outcomes and need for colec-
tomy prognosis using baseline MES and UCEIS in patients 

with UC treated with biologicals (IFX, ADA, GOL, and 
VDZ). They observed results similar to ours, UCEIS was 
better predictor of prognosis than MES although their study 
endpoint was not treatment continuation. Additionally, Ikeya 
et al. [29] reported that baseline UCEIS predicts clinical 
outcomes more accurately than MES in moderate-to-severe 
UC after the induction of tacrolimus. Xie et al. [30] per-
formed predictive analysis of colectomy using UCEIS and 
MES to mainly target acute severe UC treated with steroid 
or cyclosporine therapy. UCEIS is better at predicting the 
need for colectomy than MES, and Xie et al. reported that its 
cutoff value was 7. This cutoff value is higher than the score 
of 5 in our study because we evaluated treatment continu-
ity as the endpoint, while Xie et al. evaluated colectomy. 
In the OCTAVE trial, the endoscopic score was evaluated 
only using MES, and to our knowledge, there has been no 
report on predicting the clinical outcomes using endoscopic 
score in tofacitinib treatment in UC. It was demonstrated that 
UCEIS may predict the prognosis more accurately than MES 
in tofacitinib treatment, similar to other biologics.

This study had some limitations. First, this was a single-
center study. Although it is easy to extract detailed labora-
tory results, the number of enrolled patients was small. Sec-
ond, this was a retrospective study. Unlike in large clinical 
trials, there were no controls for the tofacitinib group in our 
study. In addition, tofacitinib was used as maintenance ther-
apy for steroid dependence and refractory UC; hence, cases 
with not necessarily high clinical activity were included in 
this study. Third, biomarkers and histological evaluations 
before and after treatment were not examined. Fourth, colo-
noscopy and measurements of biomarkers, including fecal 
calprotectin, were not performed for the decision of failure. 
This is because most of the failures in this study were pri-
mary non-response, and it was estimated that there would 
be no significant change in these endoscopic scores or bio-
marker values in a short period of time. However, despite 
the small number of enrolled patients in this study, the fact 
that the Kaplan–Meier analysis demonstrated significant dif-
ferences in non-failure rates between the groups based on 
UCEIS cutoff supports its effective prediction of the prog-
nosis. Fifth, we selected the CAI score according to Rach-
milewitz to assess clinical activity instead of other clinical 
scores, which are usually used in clinical practice and in 
IBD trials.

In conclusion, tofacitinib is a useful biological agent in 
the treatment of refractory UC. It was also demonstrated that 
UCEIS may be useful in predicting therapeutic response.
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Fig. 2   Changes in clinical activity index (CAI) in patients with non-
failure and differences in the laboratory data between patients in non-
failure group (week 0–24) and those in failure group (week 0–2) after 
tofacitinib induction. A CAI change in patients in non-failure group. 
The differences in serum level of C-reactive protein (CRP) between 
non-failure group (B) and failure group (C). The differences in serum 
albumin (Alb) levels between non-failure group (D) and failure group 
(E). The differences in blood hemoglobin (Hb) level between non-
failure group (F) and failure group (G)

◂
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