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er among children than among patients with adult-onset dis-

ease.2 Steroid-dependent colitis is defined as relapse of symp-

toms when the steroid dose is reduced after remission, recur-

rence of symptoms within 3 months after steroid discontinua-

tion, or inability to discontinue steroids within 14–16 weeks.3 

Steroids should be avoided as maintenance therapy either by 

increasing other maintenance therapies or by adding second-

line therapy.3,4 Steroid-refractory colitis is defined as a lack of 

response to adequate steroid treatment within 3–10 days. In-

troducing second-line therapies, such as cyclosporine, tacroli-
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ORIGINAL ARTICLE

INTRODUCTION

Pediatric patients with UC generally experience more exten-

sive and severe disease than adult patients.1,2 The prevalence 

of steroid-refractory and steroid-dependent colitis is also high-
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mus, or biologics, is necessary to avoid or delay surgery in ste-

roid-refractory patients.3-6 

In 2009, tacrolimus was approved as a treatment for refrac-

tory UC, in Japan. Tacrolimus is an immunomodulator with a 

macrolide skeleton that was discovered as a metabolite of Strep-

tomyces tsukubaensis and has a mode of action similar to that 

of cyclosporine.7 Tacrolimus combines FKBP-12 inside the 

cell to form a complex. This complex inhibits calcineurin, a 

dephosphorylating enzyme inside the helper-T cell. Calcineu-

rin inhibition suppresses transcription of the early activation 

genes for cytokines such as interleukin 2, TNF-α, and interfer-

on-c in T cells. In summary, tacrolimus is a potent inhibitor of 

helper-T lymphocyte activation. The immunosuppressive ef-

fect of tacrolimus is 30–100 times greater in vitro and 10–20 

times greater in vivo than that of cyclosporine.7-9 Because ta-

crolimus is unaffected by bile acids and mucosal injury, intes-

tinal absorption is more consistent than for cyclosporine, even 

in the presence of gastrointestinal disease.8 

A placebo-controlled double-blind study of oral tacrolimus 

therapy assessed efficacy in adult patients with refractory UC.10 

In a systematic review of 2 randomized controlled trials, tacro-

limus at high trough concentrations showed significantly great-

er efficacy than placebo at 2 weeks and demonstrated signifi-

cant dose-dependent efficacy in patients with UC.11

The European Crohn’s and Colitis Organisation and the Eu-

ropean Society for Paediatric Gastroenterology Hepatology 

and Nutrition guidelines for pediatric patients with UC state, 

“Cyclosporine or tacrolimus started during an episode of acute 

severe colitis should be discontinued after 4 months, bridging 

to thiopurines.”3,4 In these guidelines, tacrolimus is positioned 

as a second-line treatment for steroid-refractory severe UC. In 

the Japanese treatment guidelines for UC,12 tacrolimus is listed 

as a treatment for fulminant or refractory UC. The Japanese 

guidelines state that the administration dose should aim to 

reach an initial serum trough level of 10–15 ng/mL and should 

then be adjusted to obtain an ongoing trough level of 5–10 ng/

mL. After induction, treatment gradually changes to mainte-

nance therapy with azathioprine (AZA) or 6-mercaptopurine 

(6-MP). The aim of this study was to evaluate the effectiveness 

and safety of tacrolimus for UC in children, in Japan.

METHODS

1. Patients
This study was a retrospective survey involving multiple cen-

ters in Japan. Data were collected from a multicenter survey of 

infliximab, adalimumab, cyclosporine, and tacrolimus use in 

pediatric patients diagnosed with IBD between 2000 and 2012. 

The survey was sent to 683 facilities in Japan from December 

2012 to March 2013, including 513 pediatric facilities, 91 pedi-

atric surgery facilities, and 79 internal medicine facilities spe-

cializing in IBD. Eligible patients for this study were Japanese 

children under 17 years of age with UC who were treated with 

tacrolimus. The diagnosis of UC was established with the Por-

to criteria13 or standard criteria14 and was based on clinical as-

sessment, radiology, endoscopy, and histology at each facility. 

Steroid-refractory colitis is defined as a lack of response to ad-

equate steroid treatment within 3–10 days. Steroid-dependent 

colitis is defined as relapse of symptoms when the steroid dose 

is reduced after remission, recurrence of symptoms within 3 

months after steroid discontinuation, or inability to discontin-

ue steroids within 14–16 weeks.3 After identifying patients’ 

data for inclusion based on the medical records, each facility 

representative completed the secondary questionnaire (Sup-

plementary Material 1).

2. Evaluation
The primary focus of the evaluation was short- and long-term 

clinical outcomes. We defined a short-term effect as a response 

within 2 weeks of administration of tacrolimus and long-term 

effects as the event-free survival rate 1 year after tacrolimus 

administration, which was defined as rescue therapy-free and 

surgery-free survival at 1 year. We used the Pediatric Ulcer-

ative Colitis Activity Index (PUCAI) score,15 which is the stan-

dard global scoring system, and which ranges from 0 to 85, to 

evaluate tacrolimus efficacy. Clinical remission was defined 

as a PUCAI score < 10; scores of 10–34 indicated mild activity, 

35–64 indicated moderate activity, and ≥ 65 indicated severe 

activity. Response to tacrolimus was defined as a PUCAI score 

decrease of ≥ 20 points compared with baseline. If the PUCAI 

score did not change or increased, tacrolimus therapy was re-

garded as ineffective. Relapse was defined as an exacerbation 

of symptoms or an increase in PUCAI score after tacrolimus 

administration. The PUCAI score was determined from medi-

cal record data collected in the secondary survey. We also eval-

uated the following parameters at the time of tacrolimus ad-

ministration: patients’ characteristics, PUCAI score, initial ta-

crolimus dose, highest blood trough concentration within 2 

weeks of beginning tacrolimus therapy, period from diagnosis 

to first tacrolimus administration, tacrolimus treatment period, 

time to relapse after tacrolimus administration, steroid-spar-

ing effects, and use of tacrolimus as bridge therapy to mainte-
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nance strategies among patients with remission or response. 

Furthermore, we analyzed any parameters associated with 

short- and long-term outcomes.

Second, we compared patients’ demographics, short-term 

tacrolimus treatment effect, time to relapse or surgery, and 

long-term tacrolimus treatment effect among steroid-refracto-

ry patients versus steroid-dependent patients.

Adverse events were assessed in all patients during tacroli-

mus administration. Complications leading to hospitalization, 

death, or discontinuation of treatment were considered seri-

ous adverse events.

3. Statistical Analyses
All variables are expressed as mean, medians (interquartile 

ranges, IQR) or number (%). We compared proportions be-

tween any 2 categorical variables with Fisher exact test and 

compared continuous variables with the Wilcoxon rank sum 

test (the Mann-Whitney U-test). One-way ANOVA or Kruskal-

Wallis rank test were used to compare more than 3 or more 

groups of continuous variables and Fisher exact test were used 

Table 1. Patient’s Demographics (n=67)

Variable At  
diagnosis

Before 
adminis­
tration

At administration

All patients 
(n=67)

Steroid-dependent 
(n=39)

Steroid-refractory 
(n=26) P-valuea

Sex 1.000

   Male 35 (52.2) 20 (51.3) 14 (53.8)

   Female 32 (47.8) 19 (48.7) 12 (46.2)

Age (yr) 11.7 (9.2–13.7) 13.0 (11.0–15.0) 13.0 (11.5–14.3) 13.0 (9.4–15.4) 0.940

Family history 4 (6.0)

Medical history

   5-ASA 66 (98.5) 56 (83.6) 36 (92.3) 18 (69.2) 0.021

   Steroid 66 (98.5) 49 (73.1) 23 (59.0) 26 (100.0) <0.001

   AZA/6-MP 34 (50.7) 26 (38.8) 20 (51.3) 6 (23.1) 0.038

   Leukocyte apheresis 32 (47.8) 13 (19.4) 6 (15.4) 6 (23.1) 0.520

   Cyclosporine 7 (10.4) 1 (1.5) 0 1 (3.8) 0.400

   Anti-TNF agents 3 (4.5) 0 0 0

Extent of diseaseb 0.074

   Proctitis 3 (4.6) 0 0 0

   Left-sided 5 (7.7) 11 (16.9) 9 (23.1) 1 (3.8)

   Pancolitis 57 (87.7) 54 (83.1) 30 (76.9) 23 (88.5)

Severityc 0.020

   Mild 3 (5.0) 4 (6.0)  4 (10.3) 0

   Moderate 34 (56.7) 43 (64.2) 28 (71.8) 14 (53.8)

   Severe 23 (38.3) 20 (29.8)  7 (17.9) 12 (46.2)

PUCAI 65 (45.0-70.0) 55 (35.0–65.0) 40 (25.0–65.0) 60 (50.0–65.0) 0.038

Period from diagnosis to first 
administration of tacrolimus (mon)

10 (2–17) 15 (8–33) 2 (1–9) <0.001

Tacrolimus

   Initial dose (mg/kg/day) 0.09 (0.05–0.12)  0.08 (0.05–0.10) 0.09 (0.05–0.12) 0.460

   Highest blood trough concentration (ng/mL) 12.4 (9.2–15.2) 11.9 (7.6–14.3) 12.8 (10.3–16.2) 0.290

Values are presented as number (%) or median (interquartile range).
aFisher exact test for comparisons between steroid-dependent and steroid-refractory groups.
bIncludes 65 patients; 2 patients had no data. There were 24 steroid-refractory patients, and 2 patients had no data.
cIncludes 60 cases at diagnosis; 7 patients had no data.
5-ASA, 5-aminosalicylic acid; AZA, azathioprine; 6-MP, 6-mercaptopurine; PUCAI, Pediatric Ulcerative Colitis Activity Index. 
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for categorical variables. Kaplan-Meier estimation was used 

for event-free time analysis, and the log-rank test was used for 

these comparisons. All reported P-values are two-sided; P < 0.05 

was considered statistically significant.

4. Ethical Considerations
The Institutional Ethics Committees at Juntendo University 

and at each institution approved this study. The study protocol 

was publicly available on each participating institution’s homep-

age, and patients were free to withdraw their data from the study 

at any time.

RESULTS

1. Patients
We identified 88 pediatric patients with UC treated with tacro-

limus, after the first survey. The secondary questionnaire sur-

vey was administered to collect data for these 88 patients, and 

we obtained data for 75 out of 88 patients (85.2% response 

rate). We retrospectively reviewed the medical records of the 

75 patients and excluded 8 patients for whom the initial tacro-

limus dose, colitis severity at tacrolimus administration, short-

term effect, and long-term effect were not described. We in-

cluded data for the remaining 67 patients, in this study. Pati

ents’ demographics at the time of the diagnosis of UC are shown 

in Table 1. This study included 35 boys and 32 girls with a me-

dian age at diagnosis of 11.7 years (range, 9.2–13.7 years). Four 

patients (6.0%) had a family history of IBD; 23 patients had se-

vere colitis and 34 had moderate colitis, and the median PU-

CAI score was 65 (range, 45–70). Regarding disease extent, al-

most all patients (87.7%) had pancolitis. Patients’ medical his-

tory before tacrolimus administration indicated that 5-amino-

salicylic acid (5-ASA) or salazosulfapyridine (66 patients, 98.5%) 

and steroids (66 patients, 98.5%) were used in almost all pa-

tients. AZA/6-MP (34 patients, 50.7%) and leukocyte aphere-

sis (32 patients, 47.8%) were used in approximately half of the 

patients; cyclosporine was used in 7 patients (10.4%); and anti-

TNF agents were used in 3 patients (4.5%). 

Patients’ demographics at the time of tacrolimus adminis-

tration are shown in Table 1. The median age at administra-

tion was 13 years (range, 11–15 years); 39 patients were ste-

roid-dependent and 26 were steroid-refractory. The remaining 

2 patients did not receive steroids. One patient received tacro-

limus as diarrhea worsened during administration of 5-ASA. 

In another patient, tacrolimus was administered because of 

worsening anemia during treatment with 5-ASA and leuko-

cyte apheresis. Fifty-four patients (83.1%) had pancolitis, and 

11 (16.9%) had left-sided colitis. Twenty patients (29.8%) had 

severe colitis, 43 (64.2%) had moderate colitis, and 4 (6.0%) 

had mild colitis. The median PUCAI score at administration 

was 55 (range, 35–65). The initial tacrolimus dose was 0.09 

mg/kg/day (range, 0.05–0.12 mg/kg/day), and the highest 

blood trough concentration within 2 weeks was 12.4 ng/mL 

(range, 9.2–15.2 ng/mL). The median period from diagnosis to 

Fig. 1. Patient flow of short- and long-term effects in this study.

67 Pediatric patients with UC treated with tacrolimus

32 Remission

43 Relapse 20 Colectomy

8 Remission

Additional treatment
   22 Biologics
   10 Tacrolimus (re-administration)
     4 Prednisolone
     1 Cyclosporine
     6 Other treatment

25 Response 10 No effectShort-term effect 
at 2 weeks

n=5 n=3 n=17 n=5 n=4

n=7

n=6n=20

n=4

Long-term effect 
at 1 year
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first administration of tacrolimus was 10.0 months (range, 

2–17 months); median tacrolimus treatment duration was 

18.1 weeks (range, 10.0–41.4 weeks); and the median time to 

relapse after tacrolimus administration was 14 weeks (range, 

8–26 weeks). The mean dose of prednisolone was reduced 

from 19.2 mg/day at tacrolimus administration onset to 5.7 

mg/day at week 8. We found a significant steroid-sparing ef-

fect of tacrolimus administration (P < 0.001). 

2. Primary Outcomes
Regarding short-term effects, the clinical remission rate was 

47.8% (32 patients), and the clinical response rate was 37.3% 

(25 patients). Only 10 patients (14.9%) showed no treatment 

effect (Figs. 1, 2). Among 57 patients (85.1%) with remission 

or response, 29 patients (43.2%) had received AZA before ta-

crolimus administration. Fifteen (22.3%) were newly-bridged 

to AZA after tacrolimus and 14 (93.3% of 15 patients) had re-

lapse or surgery within 1 year.

Regarding long-term effects, only 8 patients (11.9% of all pa-

tients and 14% of patients with short-term remission or re-

sponse) achieved long-term remission without relapse or sur-

gery (Figs. 1, 2). Five of the 8 patients maintained remission 

were treated with AZA prior to tacrolimus administration. Two 

patients were maintained in remission with only 5-ASA. One 

was administered AZA after tacrolimus administration. How-

ever, 86.0% of 57 patients with short-term remission or response 

relapsed or need surgery within 1 year. Twenty patients (29.9%) 

required surgery. Medical treatment, including biologics (22 

patients, 33%), re-administration of tacrolimus (10 patients, 

14.9%), and prednisolone (4 patients, 6%), was added for pa-

tients who did not require surgery. The association between 

Table 2. Association between Each Parameters and Short-term Outcomes

Variable
Short-term effect

P-valuea

Remission (n=32) Response (n=25)  No effect (n=10)

Male sex 15 (22.3) 12 (17.9) 8 (11.9) 0.169

Age (yr) at tacrolimus administration  12.9 (11.7–15.2)  11.1 (8.0–14.5) 13.1 (11.8–15.3) 0.460

Period from diagnosis to first tacrolimus administration (mon)  14.8 (2.0–28.5)  14.2 (2.0–17.0) 11.3 (3.0–12.0) 0.910

Severity 0.830

   Severe  9 (13.4) 9 (13.4) 2 (3.0)

   Moderate 21 (31.3) 15 (22.3)  7 (10.4)

   Mild 2 (3.0) 1 (1.5) 1 (1.5)

PUCAIb 45.5 (25.0–65.0) 57.4 (50.0–65.0) 48.3 (40.0–60.0) 0.178

Reason for tacrolimus administration 0.630

   Steroid-dependent 19 (28.3) 14 (20.9) 6 (9.0)

   Steroid-refractory 12 (17.9) 11 (16.4) 3 (4.5)

   Others 1 (1.5) 0 1 (1.5)

Initial dose (mg/kg/day) 0.09 (0.05–0.12) 0.09 (0.06–0.12) 0.08 (0.05–0.10) 0.870

Highest blood trough concentration (ng/mL) 12.2 (9.3–13.8) 11.6 (9.2–15.7) 12.4 (10.0–15.6) 0.680

Values are presented as number (%) or median (interquartile range).
aFisher exact test or Kruskal-Wallis test.
bIncludes 60 cases at diagnosis; 7 patients had no data.
PUCAI, Pediatric Ulcerative Colitis Activity Index. 

Fig. 2. Short- and long-term effects of tacrolimus therapy. Short-
term effects, defined as remission or response within 2 weeks of 
tacrolimus therapy, were achieved in 85.1% of patients (remis-
sion: 47.8%; response: 37.3%). As a long-term effect, the event-
free survival rate was 11.9% (14% of those who achieved short-
term remission or response).
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each parameter and short- and long-term outcomes is shown 

in Tables 2 and 3. In the univariate analysis, only initial dose of 

tacrolimus was the significant association for long-term out-

comes, but the other parameters revealed no significant differ-

ence in the short- and long-term outcomes. The short-term ef-

fects between the remission group and the response group 

showed no significant difference in the long-term effects in 

Kaplan-Meier curve analysis (log-rank test, P = 0.33) (Fig. 3). 

We did not perform the multivariate logistic regression analy-

sis because we did not obtain enough sample size in this 

study.

3. Secondary Outcomes
Thirty-nine patients (58.2%) were steroid-dependent and 26 

(38.8%) were steroid-refractory. Table 1 shows patients’ demo-

graphics at the time of tacrolimus administration according to 

their classification as steroid-dependent or steroid-refractory. 

Among steroid-dependent patients, the median age was 13 

years (range, 11.5–14.3 years) and 19 (48.7%) were female. 

Among steroid-refractory patients, the median age was 13 

years (range, 9.4–15.4 years) and 12 (46.2%) were female. At 

the time of tacrolimus administration, a significantly greater 

percentage of steroid-dependent patients had received 5-ASA 

or AZA compared with steroid-refractory patients. Pancolitis 

was present in 76.9% of steroid-dependent patients and in 

88.5% of steroid-refractory patients; none of these patients had 

proctitis. A significantly higher percentage of patients in the 

steroid-refractory group (46%) had severe UC compared with 

Table 3. Association between Each Parameters and Long-term Outcomes

Variable
Long-term effect

P-valuea

Remission (n=8) Relapse or surgery (n=49)b

Male sex 5 (8.8) 22 (38.6) 0.450

Age (yr) at tacrolimus administration 12.2 (11.5–14.8) 12.1 (10.0–14.8) 0.890

Period from diagnosis to first tacrolimus administration (mon) 12.4 (2.0–23.5) 14.9 (2.0–17.0) 0.850

Severity 0.240

   Severe 1 (1.8) 17 (29.8)

   Moderate  6 (10.5) 30 (52.6)

   Mild 1 (1.8) 2 (3.5)

PUCAIc 37.1 (20.0–60.0) 53.1 (40.0–65.0) 0.085

Reason for tacrolimus administration 0.520

   Steroid-dependent 6 (10.5) 27 (47.3)

   Steroid-refractory 2 (3.5) 21 (36.8)

   Others 0 1 (1.8)

Initial dose (mg/kg/day)  0.07 (0.45–0.65)  0.10 (0.06–0.12) 0.027

Highest blood trough concentration (ng/mL)  14.1 (10.3–17.5)  11.6 (8.9–14.3) 0.570

Values are presented as number (%) or median (interquartile range). 
aFisher exact test or Kruskal-Wallis test.
bIncludes 59 patients; 10 cases had unclear timing data of relapse or surgery.
cIncludes 51 cases at diagnosis; 6 patients had no data.
PUCAI, Pediatric Ulcerative Colitis Activity Index. 

Fig. 3. Event-free survival rate between remission and response 
groups classified according to short-term effect. We found no 
significant difference between the 2 groups (remission and re-
sponse) for the event-free survival rate 1 year after tacrolimus 
administration, based on Kaplan-Meier analysis (log-rank test, 
P=0.33).
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the steroid-dependent group. The PUCAI score was also high-

er in the steroid-refractory group than in the steroid-depen-

dent group (60 [50–65] vs. 40 [25–65], respectively; P = 0.038). 

The period from diagnosis to first administration of tacrolimus 

was significantly shorter in the steroid-refractory group (2 

months; IQR, 1–9 months) than in the steroid-dependent 

group (15 months; IQR, 8–33 months).

Nineteen patients (28.3%) in the steroid-dependent group 

and 12 (17.9%) in the steroid- refractory group achieved short-

term remission. Fourteen patients (20.9%) in the steroid-de-

pendent group and 11 (16.4%) in the steroid-refractory group 

achieved short-term treatment response. The difference in the 

rate of short-term remission and response between groups 

was not significant (P = 0.686). 

Twenty-five steroid-dependent patients (37.3%) and 21 ste-

roid-refractory patients (31.3%) had short-term remission or 

response but relapsed or needed surgery within 1 year. Among 

patients with remission or response, patients in the steroid-

dependent group relapsed 280 days (range, 56–301 days) af-

ter tacrolimus administration; patients in the steroid-refracto-

ry group relapsed 148 days (range, 56–196 days) after tacroli-

mus administration. The time interval to relapse or colectomy 

was not significantly different between groups, according to 

Kaplan-Meier curve analysis (log-rank test, P = 0.52) (Fig. 4).

4. Safety
Adverse events were identified in 36 out of 67 patients (53.7%). 

Asymptomatic hypomagnesemia occurred in 9 patients (13.4%) 

and tremor in 7 patients (10.4%) (Table 4). Six patients (9.0%) 

required discontinuation of tacrolimus therapy because of ad-

verse events: 2 (3.0%) had renal impairment, 2 (3.0%) had my-

elosuppression, 1 (1.5%) developed intestinal infection, and 1 

(1.5%) experienced vomiting. The highest trough concentra-

tions for cases with discontinuation were 6.2 to 13.6 ng/mL, all 

less than 15 ng/mL. All symptoms improved after tacrolimus 

discontinuation or with appropriate treatment.

DISCUSSION

We retrospectively investigated the effectiveness and safety of 

tacrolimus as second-line treatment for pediatric UC using a 

multicenter survey. In our study, the rate of remission or re-

sponse at 2 weeks was 85.1%, and the clinical remission rate 

was 47.8% within 2 weeks. Pediatric UC is characterized by 

more extensive and rapid progression than adult-onset UC, 

and pediatric patients are more likely to have acute severe ex-

acerbations and lack of response to steroid therapy.1-4,16 The ste-

roid failure rate was reported as 34%; therefore, especially in 

severe cases, second-line therapy should be introduced at an 

appropriate time to avoid or delay colectomy.4-6 Turner et 

al.17,18 proposed determining the timing of second-line therapy 

based on PUCAI scores. 

Second-line therapies for induction of remission in steroid-

refractory and steroid-dependent pediatric patients with UC 

include cyclosporine, anti-TNF-α agents, and tacrolimus.3-6,16,17 

The reported short-term response rate to cyclosporine among 

Fig. 4. Event-free survival rate in the steroid-dependent and ste-
roid-refractory groups. We found no significant difference be-
tween steroid-dependent and steroid-refractory groups for the 
event-free survival rate 1 year after tacrolimus administration, 
based on Kaplan-Meier analysis (log-rank test,  P=0.52).
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Table 4. Adverse Events (n=67)

Adverse event No. (%) Discontinuation of 
tacrolimus, no. (%)

Hypomagnesemia  9 (13.4) -

Tremor  7 (10.4) -

Infection 4 (6.0) 1 (1.5)

Renal impairment 4 (6.0) 2 (3.0)

Myelosuppression 4 (6.0) 2 (3.0)

Hyperglycemia 3 (4.5) -

Headache 2 (3.0) -

Hyperkalemia 2 (3.0) -

Vomiting 1 (1.5) 1 (3.0)

Pancreatitis 1 (1.5) -

Hyperuricemia 1 (1.5) -

Total no. of patients 
experiencing adverse events

36 (53.7) 6 (9.0)

Two patients had more than 1 adverse event.
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pediatric patients is 81% (range, 76%–86%),6 and the reported 

response rate to infliximab is 75% (range, 67%–83%).6 A dou-

ble-blind study of adult patients showed a tacrolimus efficacy 

of 68.4%;10 however, reports of tacrolimus use for pediatric pa-

tients with UC are limited. The effects of tacrolimus for pediat-

ric UC were first reported in 1996,19 and in 2000, a multicenter 

study reported the effects of tacrolimus in 10 pediatric patients 

with UC.20 Five retrospective studies of tacrolimus administra-

tion in children with UC5,19-22 reported a pooled short-term re-

sponse rate of 79% (range, 68%–87%) among patients with 

steroid-refractory UC.5 Similar to previous reports, we found 

that tacrolimus was an effective second-line induction therapy 

in steroid-refractory and steroid-dependent pediatric patients 

with UC. In our study, the rate of remission or response 2 weeks 

after beginning tacrolimus was 85.1%, and the clinical remis-

sion rate was 47.8% within 2 weeks. Ogata et al.10 demonstrat-

ed that their high-trough group (10–15 ng/mL) had a higher 

remission rate than the low-trough and placebo groups. How-

ever, in our study, we found no significant difference in short-

term effects based on the initial tacrolimus dose or trough lev-

el, although many patients had no documented trough level in 

the target zone. The fact that the initial dosage and dose regu-

lation varied widely by facility is suspected to have strongly in-

fluenced our results when evaluating the short-term effects of 

tacrolimus therapy. Although previous studies cited the ste-

roid-sparing effect of tacrolimus administration, no clear nu-

merical value was reported in previous pediatric studies. Simi-

lar to a study of adults with UC,10 tacrolimus use in this study 

resulted in a significant steroid-sparing effect, with a reduction 

in prednisolone dose from 19.2 mg/day initially to 5.7 mg/day.

The reported pooled rate of colectomy-free status 1–2 years 

after tacrolimus administration in pediatric steroid-refractory 

UC is 43% (range, 32%–54%).5 A meta-analysis of observation-

al studies in adults reported a higher colectomy-free rate of 

69% among patients with moderate-to-severe UC.11 However, 

only 14% of our patients with an initial response to tacrolimus 

maintained remission without relapse. Even though 1 patient 

was changed to AZA therapy, only 8 patients remained in re-

mission 1 year after tacrolimus administration. After an initial 

response to tacrolimus, 82.5% of our patients experienced re-

lapse, and many of these patients underwent third-line thera-

py with biologics, readministration of tacrolimus, or steroids, 

and were able to avoid surgery. The European Crohn’s and Coli-

tis Organisation guidelines address bridging to AZA/6-MP for 

maintenance therapy.3,4,6 Watson et al.22 reported that mainte-

nance to a remission of 50% has been obtained in the long-

term by bridging to AZA/6-MP (30%) or infliximab (20%) after 

administration of tacrolimus to steroid-refractory pediatric 

patients. However, in our study, the large number of steroid-

dependent patients and the fact that 50% of the cases had 

been administered AZA before the introduction of tacrolimus 

may have led to a reduction in long-term effects. On the other 

hand, 15 patients with remission or response in the short-term 

effect were newly-bridged to azathioprine after tacrolimus, 

but only 1 patient could achieve remission after 1 year without 

rescue therapy. Thiopurine preparations alone may be insuffi-

cient to maintain long-term remission; however, it is possible 

that tacrolimus will be a useful bridge therapy for vedolizum-

ab in future.4,23

In univariate analysis, although the initial dose of tacrolimus 

was associated with the long-term effect, the long-term effect 

due to the difference of short-term outcomes was not signifi-

cantly different, and no factor related to the short- and long-

term outcomes could be found. Ziring et al.21 reported long-

term outcomes in steroid-dependent and steroid-refractory 

patients with pediatric UC. All 9 patients with steroid-refracto-

ry UC in that study underwent colectomy within 1 year, where-

as 7 out of 9 patients with steroid-dependent UC maintained 

remission at 1 year. In our study, the event-free survival rate 

was not significantly different between steroid-dependent and 

steroid-refractory groups. In steroid-refractory as well as ste-

roid-dependent patients, we should carefully observe the clin-

ical course after response to tacrolimus, considering the possi-

bility of surgery.

Adverse events occurred in 53.7% of all patients in our study. 

Ogata et al.10 reported that 81.3% of patients who received ta-

crolimus had adverse events; however, many of these were 

mild symptoms, and the authors found no significant differ-

ence in the incidence of severe adverse events between the ta-

crolimus group and placebo group. In contrast, Komaki et al.11 

suggested that adverse events were more common with tacro-

limus than with other treatments, which is 1 reason that ad-

ministration of tacrolimus is limited to facilities with relatively 

more patient experience. In studies of pediatric patients,5,19-22 

hypertension, tremor, hyperglycemia, headache, infection, neph-

rotoxicity, and seizure have been reported with tacrolimus use, 

but there have been no reports of serious adverse events. Re-

nal impairment has been reported often, and the incidence of 

nephrotoxicity is increasing because the duration of tacrolim-

us administration has increased.24 Four of our patients (6%) 

experienced renal impairment, and tacrolimus was discontin-

ued in 2 of these patients; both improved after discontinuing 
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short-term tacrolimus.

One limitation of our study is its retrospective design. Addi-

tionally, patients’ backgrounds in both the acute severe ulcer-

ative group and in many steroid-dependent patients, initial ta-

crolimus dose, dose adjustment differences among institu-

tions, and variations in trough levels appear to have influenced 

the short-term effects following tacrolimus therapy. In addi-

tion, several different drugs were being coadministered at the 

beginning of tacrolimus administration, which is a confound-

ing factor. Regarding the long-term event-free survival rate, 

several treatment interventions were performed during re-

lapse; therefore, we could not evaluate these rates accurately. 

This retrospective study demonstrated that tacrolimus may 

be useful to induce short-term treatment response and may 

delay the need for colectomy in pediatric patients with ste-

roid-dependent and steroid-refractory UC. No serious adverse 

events were seen in this study; tacrolimus was safely adminis-

tered short-term, in our patients. 

Despite the high rate of remission induction, only 14% of 

our patients maintained remission, and approximately 30% 

eventually required colectomy during long-term follow-up. 

Even if tacrolimus is effective, careful follow-up observation is 

necessary given the possible need for surgery. It is possible 

that bridging to AZA alone may not maintain long-term re-

mission. Future studies are needed to determine how to main-

tain the effects of tacrolimus long-term.
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Supplementary Material 1. Supplement tacrolimus treatment questionnaire for pediatric UC.

See “Tacrolimus for ulcerative colitis in children: a multicenter survey in Japan” on page 476-485.

Tacrolimus (TAC) treatment questionnaire for pediatric ulcerative colitis (Patients are children 

under 17 years of age receiving their first dose of tacrolimus) 

 

Sex: (Male/Female)   Birth date:          year        month        day 

Height and weight at diagnosis: BW      kg; Ht      cm 

Family history: (Yes  No)  

History of disease other than ulcerative colitis: (Yes   No)    

 ・At diagnosis of ulcerative colitis: 

 ・Severity: mild, moderate, severe    (PUCAI:_______________ 

 ・Disease extent: Proctitis, Left-sided colitis, Pancolitis   Matt’s grade_____________ 

 

(1) Treatment history before TAC administration: (circle as appropriate): 

 5ASA/SASP, Steroid, AZA/6-MP, Leukocyte apheresis, Cyclosporine, Infliximab Other  

 (specify:              ) 

 

(2) Reason for TAC administration (circle as appropriate):  

Steroid-dependent, Steroid-refractory, Other (specify:               ) 

 

(3) Characteristics at the beginning of TAC administration (circle as appropriate or provide data): 

・Outpatient    Hospitalized 

・Age at the start of TAC administration  _______years__________months    

・Start date of administration:__________ year__________month_________day 

・Severity: mild, moderate, severe    PUCAI:________________ 

・Disease extent: Proctitis, Left-sided colitis, Pancolitis   Matt’s grade:___________ 

・Total steroid dose before TAC administration: 

  1.0 g  2.0–5g  3.5–10 g  4.10–20 g  > 5. 20 g 

・Initial tacrolimus dose:____________mg/day  (___________mg/kg/day) 

 

(4) Blood concentration profile after TAC administration   

→ Please complete the table on the next page and provide all measurements for data within  

   3 weeks of TAC administration. 

 

(5) Short-term (2 weeks) effect 

Response to TAC is defined as a PUCAI score decrease of ≥ 20 points compared with baseline 

Remission: PUCAI < 10 

Effect: Yes / No   If “Yes”→  Remission / Response  (circle appropriate choice) 
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(6-1) If you circled "Yes" (Remission or Response) in Question 5: 

 (1) Last day of TAC administration: ________year_______month        day 

 (administration period        weeks) 

   Reason for discontinuation: Remission / Insurance restrictions (3 months) / Relapse  

(        weeks) / Side effect (           ) / Operation / Other (specify:           ) 

   (2) Additional treatment during TAC administration (for maintenance therapy):  

    AZA/6MP： Yes / No; Other (specify:_____________) 

 

(6-2) If you circled "No" for "Effect" in Question 5: 

 (1) Last day of TAC administration:  ____________year__________month        day 

 (2) New treatment after discontinuing TAC:   

  Steroid, AZA/6-MP, Leukocyte apheresis, Cyclosporine, Infliximab, Operation  

(        year        month        day）,  Other (specify:__________) 

 

(7) Long-term (1 year) effects  

 (1) Progress from the first dose of TAC to 1 year: 

  Relapse No / Yes (“Yes” →____________weeks form first TAC dose) 

 (2) Patient's condition 1 year after initial TAC administration:             

  Maintaining remission / Treating for relapse      

  PUCAI 1-year after initial TAC dose:            

  If surgery was performed:         year        month        day 

 

(8) Adverse effects secondary to TAC administration: Yes / No 

 Hypomagnesaemia / tremor / headache / hypertension / hyperglycemia / infection /  

renal disorder / other (specify:             ) 

 

(9) Treatment course 

 At the start of 
administration 

2 Weeks 
(   m   d) 

4 Weeks 
(   m   d) 

8 Weeks 
(   m   d) 

At TAC 
discontinuation 

(   m   d) 

1 year after 
TAC 

(   m   d)

1. Tacrolimus (TAC) dose mg/day mg/day mg/day mg/day mg/day mg/day

2. 5ASA/SASP dose mg/day mg/day mg/day mg/day mg/day mg/day

3. Steroid dose mg/day mg/day mg/day mg/day mg/day mg/day

4. AZA/6-MP dose mg/day mg/day mg/day mg/day mg/day mg/day

5. Leukocyte apheresis Y / N Y / N Y / N Y / N Y / N Y / N 

6.Other treatment(s)  
  (                    )    

  (                    )    

    Height cm cm cm cm cm cm

    Body Weight kg kg kg kg kg kg

    PUCAI    
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Tacrolimus blood concentration over time 

Administration 

course 

Blood trough 

concentration 

(nmol/L) 

Dose 

after 

changing 

to TAC 

(mg/day)

PUCAI

 

After 12 hours  → X    

After 24 hours  → X Please add any additional comments or 

impressions. 

Day ( 2 )  →   

Day (  )  →   

Day (  )  →   

Day (  )  →   

Day (  )  →   

Day (  )  →  

4 weeks  →  

 3 months  →  

(  ) months  →  If > 3 months, please provide 

the number of months after 

first TAC administration.   

(  ) months  →   Last measurement date 

m_________d__________ 

 
 
 
 
 
 

 


