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Abstract

Background
Tacrolimus is a calcineurin inhibitor used for the treatment of 5-Amino-salicylic acid (5-ASA) and
systematic corticosteroid refractory ulcerative colitis. However, systemic administration of tacrolimus
could lead to many adverse events. Therefore, we used tacrolimus suppositories as a local therapeutic
agent and examined its e�cacy and safety with strict blood concentration monitoring.

Methods
Sixteen patients with ulcerative colitis were administered a 0.5-mg tacrolimus suppository once daily. In
cases with an insu�cient clinical effect, additional amounts, at an increment of 0.5 mg of tacrolimus,
were administered. The blood concentration was measured two weeks after the start of treatment or any
dose change and every four weeks thereafter.

Results
The partial Mayo score was 5.31 before the start of treatment, and it decreased signi�cantly after 2 (2.56,
P = 0.001), 4 (1.53, P < 0.001), and 8 (1.47, P = < 0.001) weeks of treatment. The median duration of
tacrolimus treatment was 24 (range 2–96) weeks, and 6 patients were treated continuously for more than
one year after the pMayo score improved. No exacerbation of adverse events during the treatment
regimen was observed. The effects and safety of tacrolimus suppositories were veri�ed with strict blood
concentration monitoring.

Conclusions
Our �ndings suggest that the application of tacrolimus suppositories is safe and effective in the
treatment of patients with ulcerative colitis.

Background
Tacrolimus is a macrolide antibiotic that can be isolated from the soil bacterium Streptomyces
tsukubaensis [1]. It inhibits T-cell activation and proliferation by reducing the transcription of interleukin-2
(IL-2), which is essential for T-cell activation and proliferation. Speci�cally, tacrolimus binds to the
immunophilin FK binding protein and forms a complex, which binds to calcineurin and prevents the
dephosphorylation of the nuclear factor of activated T-cells (NF-AT). Subsequently, NF-AT moves to the
nucleus and induces transcription of IL-2 [2]. Thus, tacrolimus suppresses in�ammatory cytokines and
thereby causes immunosuppression and could be used for immunosuppression post-transplantation and
for various in�ammatory diseases. In patients with ulcerative colitis, oral tacrolimus is used for the
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treatment of oral corticosteroid refractory states [3]. However, systemic administration could lead to many
problems such as infection arising from immunosuppression [4, 5]; nephrotoxicity, cardiotoxicity, and
neurotoxicity; hyperglycaemia; and other complications [5–9]. In contrast, a topical tacrolimus therapy
could be used in cases with atopic dermatitis, and e�cacy and safety are already well established [10].
Suppositories, used as a topical therapeutic agent for ulcerative colitis, could be an alternative treatment
option for steroid therapy as the next step from mesalazine. Recently, the e�cacy of tacrolimus
suppositories as a topical preparation has been reported; however, few studies have measured the blood
concentration of tacrolimus. Since the possibility of systemic administration could not be ruled out, the
value of a topical formulation remained elusive. Therefore, we developed a relatively low-dose tacrolimus
transanal agent and examined its e�cacy and safety by strictly monitoring the blood concentration of
tacrolimus.

Methods
Sixteen cases of ulcerative colitis (proctitis and distal colitis) were treated with tacrolimus at our hospital
between June 1, 2014 and August 30, 2018. Two cases were investigated in this study. The subjects
included a male and female with ulcerative colitis (proctitis and distal colitis) who were both at least
20 years old, and informed consent was be obtained from all patients prior to their inclusion in the study.
This study was approved by the Institutional Review Board (No. 17) and conducted in compliance with
the guidelines of the Helsinki Declaration. In the formulation of the tacrolimus suppository, 1 mg of
Prograf (manufactured by Astellas Pharma) was unshelled and combined with a base to prepare a 0.5-
mg suppository, which was transanally administered once per day. The blood concentration was
measured two weeks after the start of the therapy and every four weeks thereafter. The administration of
tacrolimus suppositories was continued as long as the trough value was below the detectable limit. In
cases with an insu�cient clinical effect, additional amounts, at an increment of 0.5 mg of tacrolimus,
were administered. The blood concentration was measured 2 weeks after the dose was increased and
every 4 weeks thereafter. The tacrolimus blood concentration was measured by Chemiluminescent
enzyme immunoassay using ARCHITECT® (Abbott Diagnostics, USA). A blood concentration of
2.0 ng/ml was de�ned as the lower limit of measurement. The clinical disease score was evaluated using
the partial Mayo score (pMayo score) [11]. Two weeks after the start of the administration of tacrolimus
suppositories, patients with an improvement of 2 points or more were regarded as having a therapeutic
effect. If the observed effect was insu�cient at a particular visit, the dose was sequentially increased,
and the blood concentration was measured 2 weeks after such an increase and every 4 weeks thereafter.
If the blood concentration was below the lower limit of detection, the treatment was discontinued. All
other topical preparations used at the start of the therapy were eventually replaced with tacrolimus
suppositories. For oral 5-ASA preparation, thiopurine preparation, or steroid administration, the dosage
was not changed during the administration period. No concomitant use with oral tacrolimus was
performed. Dosing was continued for the biological product without any change or discontinuation. At
the start of the administration of the tacrolimus suppositories, hepatitis B (HB) surface (s) antigen, HBs
antibody, hepatitis C virus antibody, and the presence of cytomegalovirus and tuberculosis infection were
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determined to screen for any infectious diseases. The administration of tacrolimus suppositories was not
performed if such tests were positive. Two weeks after the start of therapy and every four weeks
thereafter, a blood test and the presence or absence of proteinuria were evaluated in each patient.
Additionally, the timing of bowel movements, presence or absence of blood in the stool, general condition,
and the pMayo score were evaluated. Endoscopy was proposed at the start and 8 weeks after therapy. In
patients with improved clinical symptoms, therapy was continued even after improvements were
observed, and the effect of maintenance with tacrolimus suppositories was veri�ed.

Statistical analysis
Statistical analyses were performed using SPSS statistics 24 for Windows (SPSS Inc., Chicago, IL).
Qualitative and quantitative variables were analysed using the chi-square test or Fisher’s test and
Student’s t-test or non-parametric (Wilcoxon) test, respectively. The Kruskal–Wallis test, by ranks, was
used for comparing multiple groups. P-values < 0.05 were considered statistically signi�cant.

Results
A total of 16 cases (6 males and 10 females) were included in this study, and the median age was 38
(range 20–56) years. In these cases, the type of ulcerative colitis was proctitis (10 cases) and distal
colitis (6 cases). The median weight was 53.5 (range 40–84) kg. The median duration of illness was 9
(0.5–16) years, and 11 cases had been treated with systemic steroids, but none had been treated with
systemic steroids from the start of the disease. None of the cases had a history of using biologics. Oral
salazopyrine, sulfasalazine (SASP), or 5-ASA preparations were administered in all cases, and seven
patients received azathioprine; no changes were made during the administration period. Of the 9 cases
that switched from topical preparations to tacrolimus suppositories, �ve cases were treated with topical
mesalazine, and four cases were switched to topical steroids with tacrolimus suppositories (Table 1). The
pMayo score was 5.31 before the start of treatment, and it decreased signi�cantly after 2 (2.56, P = 
0.001), 4 (1.53, P < 0.001), and 8 (1.47, P = < 0.001) weeks of treatment (Fig. 1). In 12 of the 16 cases, the
pMayo score, after 2 weeks, decreased by 2 points or more. Of the remaining 4 patients with no
improvement in the pMayo score, 1 and 2 patients were treated again 2 and 8 weeks later, respectively. In
the remaining 1 patient, treatment continued up to 28 weeks; however, the medication was discontinued
due to an insu�cient therapeutic effect. No statistically signi�cant differences in laboratory data at
baseline and 2, 6, and 10 weeks after the start of treatment were observed (Table 2). In addition, no cases
with proteinuria were observed. At the start of this study, colonoscopy was performed in four cases, which
showed in�ammation with Mayo endoscopic sub-scores (MES) of 2–3.
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Table 1
Patients’ characteristics

Sex (male/female) 6 / 10

Age (median [range]) (years) 38 (20–56)

Weight (median [range]) (kg) 53.5 (40–84)

Disease duration (median [range]) (years) 9 (0.5–16)

Type of ulcerative colitis  

Proctitis (%) 10 (62.5%)

Distal colitis (%) 6 (37.5%)

Concomitant oral medication  

Salazosulfapyridine or Mesalazine (%) 16 (100%)

Immunosuppressant (Azathioprine) (%) 7 (43.8%)

Topical therapy at baseline  

Mesalazine 5 (31.3%)

Steroid 4 (25%)

Past history of systemic steroids (%) 11(68.8%)

Table 2
The mean value of different parameters after the start of treatment

  Pre
administration

Two weeks after
starting treatment

Six weeks after
starting treatment

Ten weeks after
starting treatment

P-value

WBC 5743 5538 5775 5300 0.767

Hb 13 12.9 12.7 12.7 0.987

Plt 26.7 27.5 27.8 28.1 0.792

Alb 4.4 4.5 4.5 4.5 0.966

AST 21.9 19.6 17.6 17.8 0.266

ALT 16.4 16 14.4 13.5 0.81

Cre 0.7 0.67 0.65 0.65 0.858

CRP 0.16 0.07 0.12 0.1 0.869

WBC: white blood cell, Hb: haemoglobin, Plt: platelets, Alb: albumin, AST: aspartate aminotransferase,
ALT: aspartate aminotransferase, Cre: carbapenem-resistant Enterobacteriaceae, CRP: C-reactive
protein
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Endoscopy at follow ups was performed in two of these cases after the start of treatment, which revealed
endoscopic mucosal healing and MES of 0. In another case, endoscopy was not performed at the start of
the administration of tacrolimus but rather when no clinical effect was observed. This endoscopic study
showed that severe in�ammation (MES 2) was retained; however, it was sparse in the rectum near the
anus (Fig. 2). The maximum dose of tacrolimus administered was 0.5 g in 10 cases, 1.0 g in 3 cases,
1.5 g in 1 case, and 2 g in 2 cases. The tacrolimus blood concentration exceeded the lower limit of
measurement (2.1 ng/ml) in two patients; one patient received 1.5 g, and the other patient received up to
1.0 g of tacrolimus. In both cases, due to an insu�cient therapeutic effect, the blood was collected two
weeks after administering the maximum dose. The blood concentration of tacrolimus was 2.1 and
3.4 ng/ml in these cases, respectively, and the administration of tacrolimus suppositories was stopped.
Nine out of ten patients who received 0.5 g of tacrolimus showed su�cient therapeutic effects, and the
blood concentration was below the lower limit in these cases. The remaining 1 patient had poor
improvement in e�cacy, refused to undergo treatment with an increase in the amount of tacrolimus, and
dropped out of this study. Of the 6 patients who received more than 1 g of tacrolimus, 3 patients showed
an improvement in symptoms, 2 patients discontinued treatment as the tacrolimus blood concentration
was above the lower limit, and 1 patient had a poor therapeutic effect. In 9 patients where topical
formulations were replaced with tacrolimus suppositories, 6 (2 steroids and 4 mesalazine suppositories)
showed improvement in the pMayo score. However, no such improvements were seen in the remaining 3
cases (2 steroids and 1 mesalazine suppositories). The median duration of tacrolimus treatment was 24
(range 2–96) weeks, and 6 patients were treated continuously for more than one year after improvements
in the pMayo score were observed. No exacerbation of adverse events was observed during the treatment
regimen in any patient. Additionally, the pMayo score did not improve in 4 cases after the administration
of the tacrolimus suppositories, and as described above, 3 of those cases were switched from other
enema preparations. Two of these cases were rescued by switching to a steroid enema. Two other
patients, who had used a steroid enema before tacrolimus induction, were treated with cytapheresis or
biologics, both of which resulted in clinical remission.

Discussion
In cases of ulcerative colitis where in�ammation is limited to the rectum or distal colon, suppositories or
enemas with 5-ASA, SASP, and steroids are used as topical preparations in addition to oral 5-ASA and
SASP preparations [12]. In particular, foam formulations of steroids have been widely used and have
become an effective treatment for local ulcerative colitis [13]. However, there are some cases in which
these treatments fail to induce a response. Currently, the next-stage treatments include the systemic
application of steroids, azathioprine, and biological agents, which are associated with many
complications [14–16]. Systemic treatment of ulcerative colitis, which is localized to proctitis or distal
colitis, could be an excessive measure. Therefore, in this study, we focused on tacrolimus as a new
topical formulation. Some reports showed that tacrolimus, as a topical preparation, has therapeutic
effects in the treatment of localized ulcerative colitis [17–19]. However, transrectal drug administration
could lead to absorption through the mucous membrane. In a previous report, many cases with elevated
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blood levels of tacrolimus were registered, and the value of local therapy has not been strictly examined.
In another study, tacrolimus was orally or transanally administered to normal volunteers, and the blood
concentration was measured. In this study, the duration and amount of the maximum blood tacrolimus
concentration were lower in cases with transanal administration than in those cases with oral
administration; however, a certain amount of tacrolimus was absorbed into the bloodstream in both
cases. Thus, transanal administration of tacrolimus could lead to clinically relevant systemic exposure
[20]. Furthermore, absorption e�ciency is considered to be higher in patients with ulcerative colitis who
have erosions or ulcers in the rectum. As such, blood level monitoring is required for a rigorous evaluation
of the safety and e�cacy of the transanal administration of tacrolimus as local therapy. Therefore, in this
study, we measured the blood concentration of tacrolimus 2 weeks after the start of the administration of
the tacrolimus suppositories and every 4 weeks thereafter and veri�ed the effect of the drug by closely
monitoring the blood concentration. The therapeutic effect in this study was seen as a signi�cant
improvement in the pMayo score between baseline and 2 or 4 weeks after the initiation of therapy,
indicating the usefulness of tacrolimus suppositories. The therapeutic effect was seen in 12 out of 16
cases, where the blood concentration of tacrolimus did not exceed the detectable limit of 2.0 ng/ml. On
the other hand, even when the blood concentration of tacrolimus is below the detectable limit, a small
amount of tacrolimus could be absorbed, and such a low dose could produce therapeutic bene�ts in
ulcerative colitis. Although an accurate evaluation of this was di�cult to achieve in this study, we showed
that, even when there is no improvement in symptoms, in�ammation is reduced on the anus side of the
rectum, and the range of topical drug delivery could be reached (Fig. 2). This observation highlights the
value of tacrolimus suppositories as a topical formulation.

Regarding the optimal dose of tacrolimus, 9 out of 16 cases showed an improvement with 0.5 g of
tacrolimus, which was the minimum dose used in this study. As none of these cases exceeded the
measurable serum level of tacrolimus, we recommend treatment at this dose. Symptom improvement
was seen in 3 out of the 6 cases when the tacrolimus suppository was increased to 1 g or more. However,
in one of these cases, the blood concentration was higher than the lower limit of measurement, and the
administration of tacrolimus was discontinued. In 3 other cases, no effect was seen even when the dose
was increased to 1 g or more. Transanal tacrolimus doses of 1 g or more could also be considered for the
treatment of ulcerative colitis after evaluating the risks and bene�ts. However, no adverse events were
observed in any cases during the study period, including cases with elevated blood tacrolimus
concentrations. We believe that adverse events were prevented because appropriate measures such as
discontinuation and dose reduction were judiciously implemented. Additionally, in one case, the
administration of tacrolimus was continued up to 96 weeks but no exacerbation of adverse events was
observed, further demonstrating the safety of transanal tacrolimus administration with appropriate blood
concentration monitoring. Furthermore, regarding the position of tacrolimus suppositories as a topical
preparation, a single comparative study of transanal tacrolimus and steroids reported that tacrolimus
suppository formulations were comparable to transanal steroids therapy [21]. In this study, topical
preparations were not used in 7 patients at the start of the study, and 6 out of 7 patients showed
improvement with tacrolimus suppository administration. Of the �ve cases that switched from topical
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mesalazine preparations, 4 cases showed improvement with tacrolimus suppository administration. In
contrast, of the 4 cases that switched from topical steroid preparations, 2 cases showed improvements
with tacrolimus suppository administration. Although the number of cases was small and could not be
considered statistically relevant, tacrolimus was highly effective in cases where topical drugs were not
used or switched from the mesalazine suppository, while its therapeutic effect was limited in cases where
steroids were previously used. This observation is consistent with those reported in previous studies.
Steroid suppositories were effective in some cases where tacrolimus suppositories were ineffective. The
effect of tacrolimus suppositories was superior and similar to that of mesalazine topical preparation and
steroids suppository, respectively. Further studies are required to validate this observation.

Conclusions
In conclusion, the e�cacy and safety of tacrolimus suppositories were veri�ed with strict blood
concentration monitoring. The pMayo score signi�cantly improved in patients treated with tacrolimus
suppositories, and no exacerbation of adverse events was observed, thereby con�rming the e�cacy of
this treatment. Thus, tacrolimus suppositories, as topical preparations, are useful, and we hope to verify
these �ndings in the future. In order to establish the position of this drug, a comparative study with a
topical steroid preparation is warranted. We believe that tacrolimus suppositories will become a new
option for the treatment of local ulcerative colitis that is resistant to existing treatment modalities. To the
best of our knowledge, this is the �rst study on the safety and e�cacy of tacrolimus suppository in
Japanese ulcerative colitis patients with strict blood concentration monitoring.

Abbreviations
IL2, interleukin-2

NF-AT, nuclear factor of activated T-cells

pMayo, partial Mayo score

HB, hepatitis B

S, surface

SASP, sulfasalazine

MES, Mayo endoscopic sub-scores

Declarations
Ethics approval and consent to participate



Page 10/13

This study was approved by the Institutional Review Board (No. 17) and conducted in compliance with
the guidelines of the Helsinki Declaration. All participants provided written informed consent.

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests

Funding

No funding was received for this study.

Acknowledgements

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Fukuyama Medical Center (No. 17).

Authors' contributions

Conception and design of study: Shizuma Omote, Tatsuya Toyokawa.

Acquisition of data: Ryohei Sumii, Akira Nakanishi, Yuka Kadowaki, Yuta Hara, Takashi Fushimi, Yasuhiro
Noma, Isao Fujita, Joichiro Horii, Takako Murakami, Toshihiko Kaneyoshi.

References
1. Kino T, Hatanaka H, Miyata S, Inamura N, Nishiyama M, Yajima T, et al. FK-506, a novel

immunosuppressant isolated from a Streptomyces. II. Immunosuppressive effect of FK-506 in vitro.
J Antibiot (Tokyo). 1987;40:1256–65.

2. Thomson AW, Bonham CA, Zeevi A. Mode of action of tacrolimus (FK506): molecular and cellular
mechanisms. Ther Drug Monit. 1995;17:584–91.

3. Ogata H, Kato J, Hirai F, Hida N, Matsui T, Matsumoto T, et al. Double-blind, placebo-controlled trial of
oral tacrolimus (FK506) in the management of hospitalized patients with steroid-refractory ulcerative
colitis. In�amm Bowel Dis. 2012;18:803–8.



Page 11/13

4. Escher M, Stange EF, Herrlinger KR. Two cases of fatal Pneumocystis jirovecii pneumonia as a
complication of tacrolimus therapy in ulcerative colitis–a need for prophylaxis. J Crohns Colitis.
2010;4:606–9.

5. Yamamoto S, Nakase H, Mikami S, Inoue S, Yoshino T, Takeda Y, et al. Long-term effect of tacrolimus
therapy in patients with refractory ulcerative colitis. Aliment Pharmacol Ther. 2008;28:589–97.

�. Naesens M, Kuypers DR, Sarwal M. Calcineurin inhibitor nephrotoxicity. Clin J Am Soc Nephrol.
2009;4:481–508.

7. Seino Y, Hori M, Sonoda T. Multicenter prospective investigation on cardiovascular adverse effects of
tacrolimus in kidney transplantations. Cardiovasc Drugs Ther. 2003;17:141–9.

�. Bechstein WO. Neurotoxicity of calcineurin inhibitors: impact and clinical management. Transpl Int.
2000;13:313–26.

9. Heisel O, Heisel R, Balshaw R, Keown P. New onset diabetes mellitus in patients receiving calcineurin
inhibitors: a systematic review and meta-analysis. Am J Transplant. 2004;4:583–95.

10. Baldo A, Ca�ero M, Di Caterino P, Di Costanzo L. Tacrolimus ointment in the management of atopic
dermatitis. Clin Cosmet Investig Dermatol. 2009;2:1–7.

11. Lewis JD, Chuai S, Nessel L, Lichtenstein GR, Aberra FN, Ellenberg JH. Use of the non-invasive
components of the Mayo score to assess clinical response in ulcerative colitis. In�amm Bowel Dis.
2008;14:1660–6.

12. Lawrance IC. Topical agents for idiopathic distal colitis and proctitis. J Gastroenterol Hepatol.
2011;26:36–43.

13. Sandborn WJ, Bosworth B, Zakko S, Gordon GL, Clemmons DR, Golden PL, et al. Budesonide foam
induces remission in patients with mild to moderate ulcerative proctitis and ulcerative
proctosigmoiditis. Gastroenterology. 2015;148:740–50.

14. Bonovas S, Fiorino G, Allocca M, Lytras T, Nikolopoulos GK, Peyrin-Biroulet L, et al. Biologic agents
affect the risk of infection or malignancy in adults with IBD. Clin Gastroenterol Hepatol.
2016;14:1385–97.

15. Kotlyar DS, Lewis JD, Beaugerie L, Tierney A, Brensinger CM, Gisbert JP, et al. Risk of lymphoma in
patients with in�ammatory bowel disease treated with azathioprine and 6-mercaptopurine: a meta-
analysis. Clin Gastroenterol Hepatol. 2015;13:847–58.

1�. Teich N, Mohl W, Bokemeyer B, Bündgens B, Büning J, Miehlke S, et al. Azathioprine-induced acute
pancreatitis in patients with in�ammatory bowel diseases–a prospective study on incidence and
severity. J Crohns Colitis. 2016;10:61–8.

17. Lawrance IC, Copeland TS. Rectal tacrolimus in the treatment of resistant ulcerative proctitis. Aliment
Pharmacol Ther. 2008;28:1214–20.

1�. Lawrance IC, Baird A, Lightower D, Radford-Smith G, Andrews JM, Connor S. E�cacy of rectal
tacrolimus for induction therapy in patients with resistant ulcerative proctitis. Clin Gastroenterol
Hepatol. 2017;15:1248–55.



Page 12/13

19. Jaeger SU, Klag T, Hoeger K, Klumpp S, Escher M, Malek N, et al. Tacrolimus Suppositories in therapy-
resistant ulcerative proctitis. In�amm Intest Dis. 2019;3:116–24.

20. Stifft F, Vanmolkot F, Scheffers I, van Bortel L, Neef C, Christiaans M. Rectal and sublingual
administration of tacrolimus: a single-dose pharmacokinetic study in healthy volunteers. Br J Clin
Pharmacol. 2014;78:996–1004.

21. Lie MR, Kreijne JE, Dijkstra G, Löwenberg M, van Assche G, West RL, et al. No Superiority of
tacrolimus suppositories vs beclomethasone suppositories in a randomized trial of patients with
refractory ulcerative proctitis. Clin Gastroenterol Hepatol. 2019. doi:10.1016/j.cgh.2019.09.049.

Figures

Figure 1

Changes in the partial Mayo score after tacrolimus suppository administration Box plot showing the
partial Mayo score at baseline and 2, 6, and 10 weeks after the administration of tacrolimus. The mean at
each time point is indicated with a cross.
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Figure 2

Endoscopic �ndings in a case where no clinical effect was found


