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Abstract
BACKGROUND
Acute severe ulcerative colitis unresponsive to systemic steroid treatment is a life-threatening medical condition requiring hospitalization and often colectomy. Despite the increasing choice of medical therapy options for ulcerative colitis, the condition remains a great challenge in the field of inflammatory bowel diseases (IBD). The performance of the calcineurin inhibitor tacrolimus in this clinical setting is insufficiently elucidated.

AIM
To evaluate the short and long-term outcomes of tacrolimus therapy in adult inpatients with steroid-refractory acute severe ulcerative colitis.

METHODS
We conducted a retrospective monocentric study enrolling 22 patients at a tertiary care center for the treatment of IBD. All patients who were admitted to one of the wards of the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital with acute severe ulcerative colitis between 2007 and 2018, and who received oral or intravenous tacrolimus for steroid-refractory disease were included. Baseline characteristics and data on the disease courses were retrieved from entirely computerized patient charts. The primary study endpoint was clinical response to tacrolimus therapy, resulting in discharge from the hospital. Secondary study endpoints were colectomy rate and time to colectomy, achievement of clinical remission under tacrolimus therapy, and the occurrence of side effects.

RESULTS
In the majority of the 22 included patients (68.2%), tacrolimus therapy was initiated intravenously and subsequently converted to oral administration. The treatment duration was 128 ± 28.5 d (mean ± SEM), and the patients were followed up for 705 ± 110 d after treatment initiation. Among all patients, 86.4% were discharged from the hospital under continued oral tacrolimus therapy. In 36.4% of the patients, the administration of tacrolimus resulted in clinical remission at some point during the treatment. Thirty-two percent of the patients underwent colectomy between 5 and 194 d after the initiation of tacrolimus treatment (mean: 97.4 ± 20.8 d). Colectomy-free survival rates at 1, 3, 6 and 12 mo after the initiation of tacrolimus therapy were 90.9%, 86.4%, 77.3% and 68.2%, respectively. The safety profile of tacrolimus was overall favorable. Only two patients discontinued the treatment due to side effects. 

CONCLUSION
The short-term outcome of tacrolimus in steroid-refractory acute severe ulcerative colitis was beneficial, and side effects were rare. In all, tacrolimus therapy appears to be a viable option for short-term treatment of steroid-refractory acute severe ulcerative colitis besides ciclosporin and anti-tumor necrosis factor α treatment.
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Core tip: Steroid-refractory acute severe ulcerative colitis requires hospitalization and is frequently a risky tightrope walk between surgery and medical treatment. Whereas sufficient data has been provided over time to justify ciclosporin and infliximab as salvage therapies in this clinical scenario, guideline recommendations are still more reluctant towards tacrolimus due to the relative lack of data. However, tacrolimus may have advantages over ciclosporin especially due to its different toxicity profile. Our study provides more insight in the potential of tacrolimus in the strictly defined situation of steroid-refractory acute severe ulcerative colitis in hospitalized patients. 
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INTRODUCTION
The global incidence of ulcerative colitis is increasing[1]. Ten to 15% of the patients with ulcerative colitis suffer from an episode of fulminant colitis during the course of their disease[2]. Intravenous corticosteroids remain the first-line therapy for such severe attacks[3]. However, approximately 30% of the patients with acute severe ulcerative colitis respond insufficiently to corticosteroid treatment, which necessitates some type of rescue therapy[4,5]. Conventional salvage therapies to avoid colectomy comprise antibodies against tumor necrosis factor α (TNFα)—typically infliximab and calcineurin inhibitors, i.e., ciclosporin or tacrolimus, both drug classes yielding comparable results[3]. Ciclosporin and tacrolimus are efficient immuno-suppressants widely used in clinical routine to prevent allograft rejection after organ transplantation[6]. Ciclosporin was the first calcineurin inhibitor to be successfully tested in the clinical setting of steroid-refractory acute severe ulcerative colitis[7]. Tacrolimus is a calcineurin inhibitor with a more potent inhibitory effect on activated T cells in comparison with ciclosporin, as tacrolimus influences both ciclosporin‐sensitive and ciclosporin‐insensitive T-cell activation pathways[6,8]. Ciclosporin and tacrolimus also display different toxicity profiles[9].
Regarding the treatment of acute severe ulcerative colitis, less is known about tacrolimus therapy than on ciclosporin therapy. To date, two randomized controlled trials (RCTs) have been published on tacrolimus therapy in steroid-refractory ulcerative colitis: In one, two different serum trough concentrations of tacrolimus were compared to each other (5-10 ng/mL vs 10-15 ng/mL)[10]. That trial revealed a dose-dependent effect of tacrolimus; however, it was underpowered for the detection of a significant difference between the two subgroups. Another Japanese trial published by the same group examined oral tacrolimus in the management of hospitalized patients with steroid-refractory ulcerative colitis and demonstrated a clinical response rate of 50% in the tacrolimus group vs 13.3% in the placebo group after only two weeks of treatment, while the rate of clinical remission was 9.4% vs 0%[11]. Furthermore, several small and heterogeneous retrospective studies have dealt with the use of tacrolimus in severe steroid-resistant ulcerative colitis. For example, in a recently published open-label trial including 100 patients with moderate-to-severe ulcerative colitis, tacrolimus was compared to anti-TNFα treatment. Efficacy and safety data were similar in both groups[12].
This is the basis on which national and international guidelines recommend both ciclosporin or tacrolimus in steroid-refractory acute severe ulcerative colitis, even though the recommendation for ciclosporin is stronger than the one for tacrolimus due to the larger quantity of available data[3,13]. The aim of the present study is to extend the knowledge on the suitability of tacrolimus in steroid-refractory acute severe ulcerative, only considering critically ill patients on the verge of colectomy.

MATERIALS AND METHODS
Study design
This is a retrospective single-center observational study performed at the University Hospital Heidelberg, a tertiary care center in Southwest Germany treating a large number of patients with IBD. The study embraces a time span of 12 years (January 2007 to December 2018). The cut-off time point for data acquisition was 31 December 2018. The study protocol was reviewed and approved by the institutional Ethics Committee (Alte Glockengießerei 11/1, 69115 Heidelberg, Germany; protocol number: S-006/2019). It was performed in accordance with the ethical principles of the 1975 Declaration of Helsinki, as revised in 2000. The requirement for informed consent was waived due to the retrospective nature of the study.

Inclusion and exclusion criteria
The following inclusion criteria were defined: (1) Ascertained diagnosis of ulcerative colitis according to ECCO criteria[3]; (2) endoscopic disease extent of at least Montreal E2 (left-sided colitis)[14]; (3) age of at least 18 years at the time of the initiation of tacrolimus therapy; (4) inpatient treatment at the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital between January 2007 and October 2018; (5) presentation with an acute severe flare of ulcerative colitis according to Truelove and Witts criteria[15]; (6) no or insufficient response to intravenous prednisone or prednisolone according to national guideline recommendations[13]; (7) treatment of the flare with tacrolimus (oral or intravenous application). Exclusion criteria were: (1) Patients who were already scheduled for colectomy at start of tacrolimus therapy; (2) patients in whom the diagnosis of ulcerative colitis was changed to Crohn’s colitis in the follow-up after the initiation of tacrolimus therapy; (3) patients with untreated intestinal infections, including Clostridium difficile (C. difficile), Campylobacter spp., and Cytomegalovirus.

Definitions
Acute severe ulcerative colitis at admission to the hospital was defined according to the Truelove and Witts criteria[15]. The Truelove and Witts[15] criteria include a stool frequency of ≥ 6 per day, and at least one of the following: Pulse rate > 90 bpm, temperature > 37.8 °C, hemoglobin concentration < 10.5 g/dL, and erythrocyte sedimentation rate (ESR) > 30 mm/h. Steroid-refractoriness was defined as no sufficient clinical response to intravenous treatment with prednisone or prednisolone at a daily dose of 1 mg/kg body weight according to guideline recommendations[3,13]. 
Clinical response was defined as a significant decrease of stool frequency, rectal bleeding, and plasma C reactive protein (CRP) concentration, as well as an amelioration of general well-being as documented in the patient chart, resulting in the possibility to discharge the patient from the hospital to continue the therapy on an outpatient basis. Clinical remission was considered if a Partial Mayo Score of 0 or 1 was documented in the electronic patient chart by the treating physician[16]. Disease extent was categorized according to the Montreal classification based on all available endoscopy reports[14]. Loss to follow-up was considered when the last contact to the patient (counted from the cut-off time point for data acquisition) was more than two years ago.

Treatment algorithm
Patients with a severe flare of ulcerative colitis were first treated with intravenous corticosteroids according to guideline recommendations[3,13], in case that had not already been performed at a different inpatient facility prior to the referral to our department. Intestinal infections were excluded by sigmoidoscopy and biopsies for Cytomegalovirus PCR or immunohistochemistry, and stool cultures for Salmonella, Campylobacter, Yersinia and Shigella spp. as well as an assay for C. difficile toxin. Antibiotics, mainly ciprofloxacin and metronidazole, were applied at the discretion of the treating physician, even without proof of infection, e.g., if translocation of intestinal bacteria was suspected. Intravenous nutritional support was administered in malnourished patients. Intravenous fluid and electrolyte replacement as well as blood transfusions were performed as required. 
Steroid-refractoriness was considered if no sufficient clinical response occurred under intravenous treatment with prednisone or prednisolone at a daily dose of 1 mg/kg for at least three d according to guideline recommendations[3,13]. In patients with steroid-refractory disease, the treating physicians’ team (always including a senior consultant in gastroenterology with experience in IBD therapy) decided on the basis of disease severity, comorbidities, patient age, prior medications, and patients’ wishes which rescue therapy was most appropriate. In most cases, a visceral surgeon was involved in the decision-making process. Tacrolimus has been used as the standard first-line rescue medication of the department in patients with steroid-refractory acute severe ulcerative colitis over the last two decades. It was administered every 12 h, and dosage was adjusted to blood trough levels of 10-15 ng/mL. Intravenous tacrolimus was consistently applied over six hours twice per day via a rate-controlled syringe pump, and tacrolimus trough levels were determined shortly before the morning application. The first trough level measurement was performed one or two d after treatment initiation; thereafter, tacrolimus trough concentrations were measured on a daily basis during the hospital stay. After at least four weeks of tacrolimus treatment, the target trough level was decreased to 5-10 ng/mL at the discretion of the treating physician. Where intravenous tacrolimus treatment resulted in improvement of colitis symptoms and the medication was tolerated by the patient, the treatment was continued orally at the discretion of the attending physician. Patients with distinct amelioration of disease activity according to clinical symptoms—including stool frequency, occurrence of bloody stools, abdominal cramps, and fever—were released to outpatient treatment. After the decision to initiate tacrolimus therapy was made, steroid therapy was completely discontinued or tapered off depending on the total duration of steroid treatment. The decision on the introduction of a second immunosuppressive agent during the hospital stay to maintain remission was individualized mainly according to prior therapies and the risk of opportunistic infections. 

Study end points
The primary study end point was clinical response to tacrolimus salvage therapy, as defined above. Secondary endpoints were clinical response under tacrolimus therapy, colectomy rate, time to colectomy, and the occurrence of side effects.

Data collection
Names of suitable patients were retrieved from electronically available lists of inpatients of all wards of the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital who were admitted between January 2007 and October 2018. All data were available as entirely electronic patient records in the Hospital Information System. The patient records were monitored until the cut-off time point for data collection on 31 December 2018, or to loss to follow-up. The following data were collected in an Excel spread sheet:  Patient age, disease duration at admission to the hospital, disease extent according to the Montreal classification[14], medications for ulcerative colitis at admission and discharge from the hospital, prior nonresponse to biological therapy, endoscopic findings, laboratory findings, number of bowel movements per day, presence and amount of blood in stool, body temperature, necessity of blood transfusions, performance of colectomy and time span between initiation of tacrolimus therapy and colectomy, duration of hospital stay, duration of steroid therapy until start of tacrolimus treatment, total duration of tacrolimus therapy, results of stool cultures and rectal biopsies for Cytomegalovirus PCR, suspected side effects of tacrolimus, doses and blood trough levels of tacrolimus during the hospital stay, concomitant medications administered in the ward, subsequent ulcerative colitis therapies, reasons for discontinuation of tacrolimus therapy, and disease course after discharge from the hospital. 

Statistical analysis
This is a descriptive study. Categorical variables are presented as frequencies and percentages. For numerical variables, means ± standard errors of the mean (SEM) were calculated. A Kaplan-Meier survival plot was applied to illustrate cumulative colectomy-free survival. Statistical analyses were performed with Microsoft Excel 2010 and IBM SPSS Statistics 25 (IBM corporation, Armonk, New York, United States).

RESULTS
Patient characteristics
The present study included 22 patients (13 females) who were treated for acute severe ulcerative colitis refractory to steroid treatment in one of the wards of the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital between 2007 and 2018. Figure 1 illustrates in a flowchart how many patients had to be excluded and for which reasons. The demographic characteristics and disease-specific baseline data of the included patients are presented in detail in Table 1. The mean age at first diagnosis of ulcerative colitis was 25.5 ± 5.6 years, and the disease duration at hospitalization was 6.2 ± 1.3 years. Disease extent according to the Montreal classification[14] was mostly extensive colitis (E3). None of the patients had been treated with tacrolimus prior to their hospitalization. Prior failure to anti-TNFα therapy (but not during the hospital stay of interest) had occurred in five patients (22.7%). At admission to the hospital, the patients’ mean plasma CRP concentration was 87.5 ± 14.3 mg/L (normal: < 5 mg/L), the body temperature 38.0 ± 0.2 °C, the heart rate 97.2 ± 2.9 bpm, and the number of bowel movements 13.5 ± 1.4 per 24 h.

Follow-up and loss to follow-up
The average time span between the first dose of tacrolimus and the last follow-up visit was 705 ± 110 d (range: 63-1870 d). In total, six patients (27.3%) were lost to follow-up at the cut-off time point for data acquisition. The time to loss to follow-up ranged from 65 to 1557 d (mean: 107 ± 225 d). It was shorter than one year in only one patient.

Data obtained during hospitalization
The average duration of hospitalization was 22.8 ± 4.9 d. Further characteristics of the study cohort during the hospital stay may be viewed in Table 2. Notably, all but one of the patients received empirical systemic antibiotic treatment at admission, mostly intravenous ciprofloxacin plus metronidazole, for suspected septic complications without positive blood cultures. At that, parenteral nutritional support was administered in nine patients (40.9%), and ten patients received at least one blood transfusion during their hospital stay (45.5%).

Tacrolimus dosing and treatment duration
In 15 of the 22 included patients (68.2%), tacrolimus therapy was initiated intravenously, while seven patients (31.8%) received oral tacrolimus from the start. The initial dose for intravenous tacrolimus was 1.4 ± 0.4 mg/24 h, corresponding to 26 ± 3 μg/kg body weight, while dosage was 5.3 ± 2.2 mg/24 h for oral treatment initiation, corresponding to 95 ± 31 μg/kg body weight. Overall, the target trough concentration of 10-15 ng/ml was reached after 3.1 ± 0.8 d. The time until achievement of target trough concentration was longer for the oral than for the intravenous treatment scheme (4.2 ± 1.2 vs 3.1 ± 0.4 d, n = 21, as one patient discontinued the therapy due to side effects on day 2). The mean oral tacrolimus dose per 24 h at the time of discharge from the hospital (n = 19) was 10.2 ± 1.1 mg (equaling 186 ± 23 μg/kg body weight). The mean duration of intravenous tacrolimus treatment was 4.0 ± 0.9 d. The total duration of tacrolimus treatment during hospitalization was 15.9 ± 3.4 d. The mean total duration of tacrolimus therapy (duration of inpatient treatment plus duration of outpatient treatment) was 128 ± 28.5 d.

Concomitant colitis-specific medications
At hospital admission, 15 patients (68.2%) were already undergoing oral systemic steroid therapy with prednisone or prednisolone, one patient was on infliximab, and one patient on azathioprine. In all, 12 patients (54.5%) received oral mesalamine and three patients (13.6%) oral budesonide to treat IBD. As part of the therapeutic concept of using tacrolimus as a bridge to a less toxic maintenance therapy, five patients (22.7%) were started on vedolizumab while hospitalized, while thiopurine therapy was introduced in five patients (22.7%). None of the patients was administered a TNFα antibody during inpatient treatment. 

Short-term efficacy of tacrolimus
All but three patients (86.4%) were discharged from the hospital under continued oral tacrolimus treatment. Distinct primary treatment failure of tacrolimus despite achievement of target trough levels was observed in two patients (9.1%), resulting in their direct transfer to the surgery department for subtotal colectomy. In one patient, tacrolimus was discontinued after two days due to severe vomiting. Clear clinical response to tacrolimus indicated by a reduction of stool frequency and a reduction or disappearance of blood in stool was documented in 18 patients (81.8%). One patient was discharged from the hospital on her own urgent wish even though distinct clinical response to tacrolimus had not occurred. In that patient, the therapy was changed to adalimumab after discharge from the hospital, and she achieved clinical remission under that therapy. Six patients (27.3%) achieved complete clinical remission at some point during their tacrolimus therapy which was attributable to the calcineurin inhibitor and not to any concomitant medication. 
Directly prior to the first administration of tacrolimus, the mean plasma CRP concentration was 87.5 ± 12.2 mg/L, and it decreased to 24.3 ± 10.5 mg/L at discharge from the hospital (n = 20, the two patients who were transferred to the surgery department were excluded). It was 51.5 ± 11.4 mg/L at day 5 of tacrolimus therapy and 42.9 ± 11.8 mg/L at day 7 of tacrolimus therapy. The occurrence of blood in stool was documented in 100% of the patients at admission to the hospital, while blood in stool was documented in 11/20 (55%) patients at discharge from the hospital. The mean stool frequency was 13.5 ± 1.4 at admission (n = 22) and decreased to 5.4 ± 0.6 at discharge (n = 20). The mean body temperature at admission was 38.0 ± 0.2 °C at admission, decreasing to 36.9 ± 0.1 °C at discharge from the hospital.

Reasons for discontinuation of tacrolimus therapy
The most prevalent event (36% of cases) resulting in discontinuation of tacrolimus therapy in this study was medium-term treatment failure after discharge from the hospital, including inadequate response and secondary treatment failure. In 27% of the patients, tacrolimus was stopped after initial response and after introduction of an overlapping immunosuppressive therapy with azathioprine or vedolizumab in order to find out whether the immunosuppressant intended for maintenance therapy was successful as monotherapy. The whole spectrum of reasons for tacrolimus discontinuation is presented in detail in Figure 2. 

Colectomy-free survival
Seven among the 22 included patients (31.8%) underwent colectomy for treatment-refractory ulcerative colitis during the follow-up after the initiation of rescue therapy with tacrolimus. The mean time span from the initiation of tacrolimus therapy to surgical intervention was 97.4 ± 20.8 d (range: 5-194 d) (Table 3 and Figure 3). Two patients (9.1%) underwent colectomy within one month of the initiation of tacrolimus therapy, three (13.6%) within three mo, five (22.7%) within six mo, and seven (31.8%) within 12 mo. Vice versa, colectomy-free survival rates at 1, 3, 6 and 12 mo were 90.9%, 86.4%, 77.3% and 68.2%, respectively. 

Long-term outcomes including other immunosuppressive medications
At the time of their last follow-up visits at the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital, only three patients were on continued tacrolimus therapy. Two of them were in clinical remission at that time point. In total (independent of whether tacrolimus therapy was ongoing), the outcome of all included 22 patients at their respective last follow-up visits was as follows: 8/22 patients (36.4%) were in clinical remission, and 7/22 patients had undergone colectomy (31.8%); ongoing disease activity was documented in 7/22 patients (31.8%). 
Among the eight patients with documented clinical remission at their last follow-up visits, one was under therapy with tacrolimus and oral mesalamine, one under a combination therapy with tacrolimus and vedolizumab (induction with vedolizumab not yet finished), four under infliximab monotherapy, one under adalimumab monotherapy, and one under azathioprine monotherapy. 
Among the seven patients with documented disease activity at their last follow-up visits, one was under therapy with tacrolimus and vedolizumab, one under therapy with systemic steroids and vedolizumab, two under systemic steroid treatment alone, one under adalimumab monotherapy, one under azathioprine monotherapy, and one under mesalamine monotherapy.

Outcome of tacrolimus/thiopurine or tacrolimus/vedolizumab combination 
Among the five patients in whom vedolizumab therapy was initiated after having achieved clinical response to tacrolimus as a maintenance concept during the hospital stay, three had to discontinue their vedolizumab therapy due to lack of response after the induction had been completed, and all three patients underwent colectomy. Two of these three patients had also failed on anti-TNFα treatment before. One of the patients on tacrolimus and vedolizumab combination therapy had not undergone at least 10 wk of vedolizumab at the cut-off time point for data acquisition, so that the effect of vedolizumab could not be assessed in this patient. In none of the five patients, the combination of tacrolimus and vedolizumab resulted in serious infections. In our study, five patients received additional thiopurine therapy after treatment initiation with tacrolimus: one of them underwent colectomy, three stopped azathioprine therapy for treatment failure and changed to a different regimen, and one discontinued 6-mercaptopurine therapy because of side effects. 

Safety of tacrolimus therapy
Only adverse events that were suspected to be caused by tacrolimus were considered. In none of the cases was tacrolimus treatment discontinued because of an infectious complication. No patients died during the follow-up period. The suspected side effects of tacrolimus in our study cohort are listed in detail in Table 4. The most frequently documented side effect was tremor of the limbs, especially of the hands. It was dose-dependent and provoked therapy interruption in none of the cases. It was completely reversible after tacrolimus had been stopped for other reasons. Two patients discontinued tacrolimus therapy because of intolerable suspected side effects. One male ended treatment because of severe nausea and vomiting after a treatment duration of only two d; in that patient, ciclosporin was subsequently tried and discontinued for the same reason. The other had to stop her intake of tacrolimus for anemia and leukopenia after 50 d, when she presented as an outpatient for a follow-up of her disease course. That patient was on treatment with 6-mercaptopurine at the same time, so the side effect cannot be definitely attributed to tacrolimus. We also analyzed glomerular filtration rates determined directly prior to the start of tacrolimus therapy and at discharge from the hospital: they were 114.9 ± 26.4 mL/min vs 111.7 ± 25.6 mL/min, arguing against a short-term detrimental effect of tacrolimus on renal function at the high doses that were administered. 

DISCUSSION
We performed a retrospective analysis to explore both the short and long-term outcomes of tacrolimus rescue therapy in hospitalized patients with steroid-refractory acute severe ulcerative colitis. Non-response to steroid treatment in ulcerative colitis represents a negative selection concerning other classes of immunosuppressive medications. The key finding of our study is that in this critically ill group of patients, tacrolimus had a very beneficial short-term effect and was able to prevent direct referral to the surgery department for colectomy in the vast majority of cases. However, in the long term, outcome results became more disappointing, as can be best derived from a cumulative colectomy rate of 31.8% at a mean of 97.4 d after the initiation of tacrolimus therapy. 
Data on the long-term outcome of tacrolimus in steroid-refractory acute severe ulcerative colitis are overall scarce. Cohort studies on the performance of tacrolimus in the treatment of ulcerative colitis have been published by several other authors, starting in 1998 by Fellermann et al[17], who presented a case series of six patients with ulcerative colitis and five with Crohn’s disease or indeterminate colitis. The largest published patient series covered 156 patients from five treatment facilities suffering from moderate to severe courses of steroid-refractory ulcerative colitis[18]. In the majority of these studies, tacrolimus was administered orally from the beginning, and study populations were rather non-homogeneous. Also, many of the studies—including the only two RCTs on this subject—originated from Japan, so the number of published data in North America and Europe is limited. Our rationale for adding another study to the body of research on this subject was that published trials on the use of tacrolimus in ulcerative colitis for the most part do not focus on the distinct situation of acute severe ulcerative colitis in the hospital ward setting. However, it is exactly that scenario where calcineurin inhibitors with their advantage of short elimination half-life may have ongoing importance in the treatment algorithm of ulcerative colitis, even if its long-term use is not recommended[13]; treatment options must therefore take  into consideration which other—possibly more slowly acting medication— may supplement tacrolimus after its successful initiation[3,13]. 
The question may be raised why we used tacrolimus as the standard medical salvage therapy in steroid-refractory acute severe ulcerative colitis. At our department, tacrolimus is preferred over ciclosporin in patients who underwent liver transplantation. This choice is made for the following reasons: Liver-transplant patients treated with tacrolimus were less likely to experience acute rejection than those receiving ciclosporin[19]; mortality and graft loss at one year were significantly reduced in tacrolimus-treated liver-transplant recipients[20]; and finally, conversion from ciclosporin to tacrolimus has been shown to improve the cardiovascular risk profile in patients after liver transplantation[21]. Owing to our experience with tacrolimus, which is based on the relatively large number of liver-transplant patients followed up at our department, the administration of tacrolimus to patients with steroid-refractory acute severe ulcerative colitis has become our standard approach over the last one to two decades. The most important reason for the preference of tacrolimus over anti-TNFα was its shorter elimination half-time. Thus, ciclosporin and infliximab were used much less frequently than tacrolimus in steroid-refractory acute severe ulcerative colitis.
The two most prominent features characterizing the present study are the strict inclusion criteria, ensuring a very homogeneous study population, and the long follow-up time with the maximal time span being 5.1 years. According to ECCO guidelines[3], patients with bloody diarrhea ≥ 6/day and any signs of systemic toxicity (pulse > 90/min, temperature > 37.8 °C, hemoglobin < 10.5 g/dL, ESR > 30 mm/h, or CRP > 30 mg/L) have severe colitis and should be admitted to a hospital for intensive treatment. Our study cohort consists exclusively of patients with considerable disease activity, all meeting the criteria by Truelove and Witts[15] for the definition of acute severe ulcerative colitis, necessitating in-ward treatment. The severity of disease in our cohort is illustrated by the large percentages of patients receiving systemic antibiotic treatment, intravenous nutrition support, and blood transfusions, and by the fact that nearly 20% of the patients needed transient intermediate care treatment during their hospitalization. Of note, this is a selection of critically ill patients in whom perpetuating medical therapy may be life-threatening, and timely performed colectomy may be the better alternative. 
Despite the severity of disease, our study revealed very good short-term outcomes of tacrolimus therapy in steroid-refractory acute severe ulcerative colitis: As many as 86.4% of the patients were discharged from the hospital with ongoing oral tacrolimus therapy. Overall clinical response was documented in 81.1% of the patients (one patient was released with only slight amelioration of her symptoms on her own urgent request). Clinical remission under tacrolimus therapy not attributed to any other medication occurred in 36.4% of patients. Two patients were already on thiopurine or anti-TNFα (infliximab) therapy, respectively, when they were admitted to the hospital. As they had been on their therapies for 9 wk (infliximab) and 32 mo (azathioprine) when they were admitted to the hospital with acute severe ulcerative colitis, we do not think that their prior therapies interfered with our results of response to tacrolimus therapy.
A meaningful outcome parameter which is routinely used in many studies dealing with the treatment of acute severe ulcerative colitis is the cumulative colectomy-free survival over time after medical treatment initiation. That is why we explored cumulative colectomy-free survival rates at 1, 3, 6 and 12 months after the first administration of tacrolimus; our data shows 90.9%, 86.4%, 77.3% and 68.2% survival rates, respectively. Of critical note, however, is that the rate of colectomy in our study may have been underestimated due to the loss to follow-up of some patients. However, only one patient was lost to follow-up within one year of the initiation of tacrolimus therapy. A recent meta-analysis on tacrolimus treatment of steroid-refractory acute severe ulcerative colitis revealed colectomy-free survival rates of 86%, 84%, 78% and 69% at 1, 3, 6 and 12 mo[22]. Thus, the colectomy-free survival rates were fairly similar to those we identified in our relatively small study. A recent European prospective randomized controlled multi-center study compared colectomy-free survival rates of patients treated with ciclosporin or infliximab for steroid-refractory acute severe ulcerative colitis[23]. The authors found colectomy-free survival rates after one year of 70.9% for patients initially treated with ciclosporin and of 69.1% for patients initially treated with infliximab. Both treatments thus showed similar efficacy. The one-year colectomy-free survival rate of 68.2% identified for tacrolimus treatment in our study is in the same range and argues against the inferiority of tacrolimus to ciclosporin and infliximab for this indication. It is of note that the risk of colectomy appears to be highest within the first year after initiation of medical salvage therapy, independent of other therapies which may have been introduced subsequently or additionally during the span of the year. 
No systematically obtained results have been published on the question of how tacrolimus should best be administered in steroid-refractory acute severe ulcerative colitis. In nearly all published studies on tacrolimus in acute severe ulcerative colitis, tacrolimus was administered orally from the beginning[24]. A potential advantage of initial intravenous treatment is that the target trough level and thus efficacy may be achieved more rapidly than by using oral tacrolimus, keeping in mind that acute severe ulcerative colitis is a highly time-sensitive situation with impending emergency colectomy. Food intake is known to reduce serum levels of tacrolimus due to its low absorption rate[11,25]. In our study, the time until achievement of the target tacrolimus trough level was indeed one day shorter in the intravenously treated subgroup compared to the orally treated subgroup. As far as it can be assessed in the relatively small subgroups, the prevalence and intensity of side effects did not differ between the intravenous and the oral administration route, so intravenous treatment should be considered, especially if the patient tends to suffer from nausea and vomiting, which may both be further provoked by the oral intake of more medications. Yamamoto et al[12] started oral tacrolimus therapy at a dose of 0.1 mg/kg/day and reached the aspired tacrolimus trough concentration of 10-15 ng/mL on day 5. In comparison, we used similar initiation doses and reached the target concentration on day 4. On one hand, it may be favorable to start the therapy at a higher dose, then quickly reduce it later on if the targeted range has been surpassed. On the other hand, the small therapeutic index of tacrolimus may result in severe side effects and possibly premature treatment discontinuation using such an approach.  
As soon as patients with steroid-refractory acute severe ulcerative colitis respond to a medical rescue therapy with a calcineurin inhibitor or TNFα antibody, the question remains: how to maintain the response or, ideally–remission, as tacrolimus is not recommended as a long-term maintenance therapy in ulcerative colitis due to its expected long-term toxicity[13]. Indeed, we can unfortunately not add more data on long-term side effects of tacrolimus in the cohort of young people suffering from ulcerative colitis, as according to our standard operating procedure, tacrolimus was only used as a bridging therapy. However, these data may differ from data obtained in patients after organ transplantation who are usually older than the patients described in our study and who are often treated with more than one immunosuppressant concurrently. As for the choice of an additional immunosuppressant for maintenance therapy following successful treatment initiation with tacrolimus, there have been two common options during our study phase: The use of a thiopurine like azathioprine or 6-mercaptopurine, or, more recently, the anti-integrin antibody vedolizumab. This choice has to be made on an individual base taking into consideration patient age, prior therapies, concomitant diseases, potential intolerances and access to outpatient intravenous therapies. Data have been published on both of these two options. For example, Schmidt et al[18] conducted a multi-center study examining the role of purine analogues in the long-term outcome of steroid-refractory ulcerative colitis after tacrolimus treatment. In that study, colectomy was performed in 29% (45/156) of patients after a median of 0.5 years from initiation of tacrolimus treatment. One percent of the patients on tacrolimus plus a purine analogue had to discontinue therapy due to adverse events, while 14% of the patients on tacrolimus monotherapy discontinued treatment due to side effects. Among the five patients who were started on azathioprine or 6-mercaptopurine shortly after the initiation of tacrolimus therapy in our study, the concept proved to be successful in none, but no serious infections were documented. The combination of a calcineurin inhibitor and vedolizumab for remission induction and maintenance therapy in steroid-refractory severe ulcerative colitis was addressed in a recent study from France[26]. After a median follow-up period of 11 mo, 11 patients (28%) had undergone colectomy. At 12 mo, 68% of the patients survived without colectomy and 44% survived without vedolizumab discontinuation. Analyzing our small subgroup of five patients receiving vedolizumab after tacrolimus initiation, three had to undergo surgery for refractoriness to the anti-integrin antibody, and in two, the final outcome was not clear when they visited the outpatient clinic for the last time. 
The adverse events which occurred under the therapy with tacrolimus were mostly mild or moderate. Only two patients stopped the therapy due to adverse events, neither of those a life-threatening situation. These results largely conform to those of other studies on tacrolimus in ulcerative colitis[22]. However, as according to our standard operating procedure–tacrolimus was perceived as a bridging therapy to a different immunosuppressive medication with fewer expected long-term side effects, our study results do not allow for an assessment of long-term toxicity of tacrolimus.
There are several limitations to this study. The main drawbacks are its being restricted to a single treatment center and its retrospective, uncontrolled design. Due to the relatively small number of patients, this study was underpowered to perform regression analyses and thus to identify risk factors for primary treatment failure of tacrolimus in steroid-refractory acute severe ulcerative colitis. Also, we have not treated a sufficient number of patients with infliximab or ciclosporin during the time span of the study, so that a controlled comparison between different treatment groups could not be incorporated in the study. Even though the follow-up rate of this study is satisfactory, considering that the study spans over 12 years, some patients were lost to follow-up, which may have influenced our results, especially those of colectomy rates. Documentation of short-term outcomes was overall very thorough, as the patients were treated in the hospital ward. However, disease scores were not calculated on a routine basis, so they could not be incorporated in the study. Laboratory markers in the blood were determined every day due to the severity of disease and impending colectomy, but stool markers such as lactoferrin and calprotectin were not regularly determined, especially in the first half of the study period, as those measurements had not entered clinical routine at that time. Also, endoscopies were only performed before the start of therapy and not repeated to assess the short-term efficacy of tacrolimus. Due to the retrospective character of the study, the term of “clinical response” was not clearly defined by quantitative parameters or cut-off values and depended much on the assessment by the treating physicians. This is why we chose to also incorporate the possibility to discharge the patient from the hospital into the definition of “clinical response”, as this is a relatively “hard” clinical endpoint in the “real world”.
Nearly all of the patients were on systemic antibiotic treatment, which was usually started directly upon hospital admission. These interventions were not performed as part of a standard operating procedure for the treatment of acute severe ulcerative colitis, as the use of antibiotics for ulcerative colitis itself is contrversial[27]. Treatment decisions were made at the discretion of the attending physicians’ team and reflect the concern of septic complications in this critically ill patient group. However, there are data from studies demonstrating some effects of antibiotics on disease activity in acute severe ulcerative colitis, and these effects may have interfered with our efficacy data of tacrolimus[28]. This potential confounder was probably minor in our study, as: (1) Antibiotic treatment was started before tacrolimus therapy – together with steroid therapy – and did not obviate the need of tacrolimus use; (2) all but one of the included patients received antibiotics, which ensures homogeneity of the study population, and (3) plasma CRP concentrations were similar at admission and on the day prior to the start of tacrolimus therapy, by which the argument could be made against any significant therapeutic effects of not only the steroids, but also the antibiotics in our cohort.
In conclusions, in a retrospective analysis including 22 inpatients suffering from steroid-refractory acute severe colitis, we found that the vast majority of patients could be discharged from the hospital after introduction of intravenous or oral tacrolimus therapy, while only two patients had to undergo surgery after primary failure of tacrolimus treatment. We conclude that the short-term efficacy of tacrolimus in this situation is very good. However, long-term evaluations revealed that in spite of initial response to tacrolimus therapy, the cumulative colectomy rate after one year for inpatients in the described clinical scenario was as high as 31.8%. It remains to be elucidated whether novel therapeutic options with a potential of rapid efficacy are able to effect the relatively high short- to medium-term colectomy rates observed after hospitalization of ulcerative colitis patients for acute steroid-refractory flares, and how these novel treatment options compare to either calcineurin inhibitors or TNFα antagonists as rescue medications. For future research projects, a direct prospective comparison of ciclosporin and tacrolimus as has already been performed in transplantation medicine would also be interesting in the setting of steroid-refractory acute severe ulcerative colitis.

ARTICLE HIGHLIGHTS
Research background
Steroid-refractory acute severe ulcerative colitis is a life-threatening medical condition requiring hospitalization and frequently emergency colectomy. Although there is a steadily growing choice of medications for ulcerative colitis, the treatment of steroid-refractory acute severe ulcerative colitis continues to be very challenging. Calcineurin inhibitors—mainly ciclosporin and tumor necrosis factor α (TNFα) antagonists have been shown to be viable therapeutic options to avoid colectomy in this scenario. 

Research motivation
In contrast to that of ciclosporin, the performance of the calcineurin inhibitor tacrolimus in the clinical setting of steroid-refractory ulcerative colitis is insufficiently elucidated, but nonetheless recommended in national and international treatment guidelines for ulcerative colitis.

Research objectives
The objective of our study was to extend the current knowledge on the use of tacrolimus in steroid-refractory ulcerative colitis by assessing the short- and long-term outcomes of tacrolimus in adult inpatients suffering from steroid-refractory acute severe ulcerative colitis.

Research methods
We conducted a retrospective monocentric study enrolling 22 patients at a tertiary care center for the treatment of inflammatory bowel diseases. All patients who were admitted to one of the wards of the Department of Gastroenterology and Hepatology of the Heidelberg University Hospital with acute severe ulcerative colitis between 2007 and 2018 and who received oral or intravenous tacrolimus for steroid-refractory disease were included. Baseline characteristics and data on the disease courses were obtained from entirely computerized patient charts. The key study endpoints were clinical response to tacrolimus therapy, colectomy rate, time to colectomy and the occurrence of side effects.

Research results
Our study revealed that intravenous or oral tacrolimus, as in previous studies by other authors ciclosporin and infliximab, was able to prevent emergency colectomy in the majority of adult inpatients with steroid-refractory acute severe ulcerative colitis. At the same time, the safety profile of high-dose tacrolimus in this setting was acceptable. However, colectomy rates due to therapy-refractory disease courses over the year following tacrolimus rescue therapy reached nearly one-third of the patients. These results are also comparable to those of other studies dealing with the use of ciclosporin or infliximab in steroid-refractory acute severe ulcerative colitis.

Research conclusions
In all, tacrolimus appears to be a viable option for short-term treatment of steroid-refractory acute severe ulcerative colitis besides ciclosporin and anti-TNFα treatment.

Research perspectives
Even though not recommended for long-term maintenance therapy in ulcerative colitis, tacrolimus is a valuable tool for the short-term treatment of steroid-refractory severe ulcerative colitis, where rapid induction of symptom relief is warranted to gain time for the introduction of other, more slowly acting substances, with more favorable long-term toxicity profiles. Prospective trials are required to define its role among other medications, and to examine the safety of an overlapping combined use with these medications.
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Figure 1 Flow diagram for patient inclusion and exclusion. Finally, 22 patients who met the inclusion criteria were enrolled in the study.
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Figure 2 Detailed information on the reasons for which tacrolimus treatment was discontinued.
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Figure 3 Kaplan-Meier plot of colectomy-free survival after initiation of tacrolimus therapy. Vertical lines in the curve (“censored”) demonstrate the duration of follow-up and do not necessarily indicate loss to follow-up.


Table 1 Demographic and disease-specific baseline characteristics of the 22 included patients
	Characteristic
	n = 22

	Gender, n (m/f)
	9/13

	Age at admission (yr, mean ± SEM)
	33.2 ± 7.1 (range: 18-66)

	Age at first diagnosis (yr, mean ± SEM)
	25.5 ± 5.6 (n = 21, uk in 1) (range: 14-58)

	Disease duration at admission (yr, mean ± SEM )
	6.2 ± 1.3 (n = 21, uk in 1) (range: 0-19)

	Disease extent according to Montreal classification at admission, n (E2:E3)
	4:18 

	Previous anti-TNFα therapy failure, n (%)
	5/22 (22.7)

	Previous thiopurine therapy, n (%)
	9/22 (40.9)

	Systemic steroid therapy at admission, n (%)
	15/22 (68.2)

	Oral mesalamine at admission, n (%)
	15/22 (68.2)

	Anti-TNFα therapy at admission, n (%)

Thiopurine therapy at admission, n (%)
	1/22 (4.5) (third infliximab infusion had been applied 23 d prior to admission)
1/22 (4.5) (on azathioprine for 32 mo prior to admission)

	Body mass index (BMI) at admission (kg/m2, mean ± SEM)
	20.3 ± 4.3 (range: 12.1-26.8)

	Body temperature at admission (°C, mean ± SEM)
	38.0 ± 0.2 (range: 36.6-39.6)

	Heart rate at admission (beats per minute, mean ± SEM)
	97.2 ± 2.9 (range: 80-135)

	Number of bowel movements per 24 h at admission (mean ± SEM)
	13.5 ± 1.4 (range: 7-30)

	Presence of bloody stools at admission, n (%)
	22/22 (100)

	Plasma CRP concentration at hospital admission (mg/L, mean ± SEM) 
	87.5 ± 14.3 (range: 2.0-310.4)

	WBC count at admission (/nL, mean ± SEM)
	12.6 ± 1.0 (range: 4.4-22.8)

	Platelet count at admission (/nL, mean ± SEM)
	453 ± 29 (232-724)

	Blood hemoglobin concentration at admission (g/dL, mean ± SEM)
	10.8 ± 0.3 (7.7-14.5)

	Endoscopic Mayo score at admission, n (Mayo 2:Mayo 3) (sigmoidoscopy)
	7:15


n: Number; m: Male; f: Female; SEM: Standard error of the mean; TNF: Tumor necrosis factor; CRP: C-reactive protein; uk: Unknown; WBC: White blood cell.


Table 2 Clinical data obtained during the hospital stay
	Variable
	n = 22

	Systemic antibiotic treatment during hospital stay, n (%)
	21/22 (95.5)

	Duration of IV steroid therapy prior to start of tacrolimus therapy (mean ± SEM)
	6.7 ± 0.7

	Use of parenteral nutrition during hospital stay, n (%)
	9/22 (40.9)

	Blood transfusion during hospital stay, n (%)
	10/22 (45.5)

	Oral mesalamine therapy during hospital stay, n (%)
	17/22 (77.3)

	Stay in intermediate care unit during part of the hospitalization, n (%)
	4/22 (18.2)

	Duration of hospital stay, d (mean ± SEM)
	22.8 ± 4.9

	Addition of a second immunosuppressive as a maintenance therapy during hospital stay, n (%)
Anti-integrin (vedolizumab)
Thiopurine (azathioprine or 6-mercaptopurine)
	10/22 (45.5)

5/22 (22.7)
5/22 (22.7)

	SEM: Standard error of the mean; IV: Intravenous.
	




Table 3 Characteristics and outcome of tacrolimus therapy
	Variable
	n = 22

	Intravenous initiation of tacrolimus treatment, n (%)
	15/22 (68.2)

	Duration of intravenous tacrolimus therapy (d, mean ± SEM)
	4.0 ± 0.9 (range: 2-13)

	Duration of tacrolimus therapy until discharge from the hospital or transfer to surgery (d, mean ± SEM)
	15.9 ± 3.4 (n = 20)

	Initial dose of intravenous tacrolimus (mg/24 h, mean ± SEM)
	1.4 ± 0.4 (n = 15)

	Initial dose of intravenous tacrolimus per body weight (μg/kg/24 h, mean ± SEM)
	26 ± 3 (n = 15)

	Initial dose of oral tacrolimus (mg/24 h, mean ± SEM)
	5.3 ± 2.2 (n = 7)

	Initial dose of oral tacrolimus per body weight (μg/kg/24 h, mean ± SEM)
	95 ± 31 (n = 7)

	Time to achievement of target tacrolimus trough level after intravenous treatment initiation (d, mean ± SEM)
	3.1 ± 0.4 (n = 14)

	Time to achievement of target tacrolimus trough level after oral treatment initiation (d, mean ± SEM)
	4.2 ± 1.2 (n = 7)

	Total duration of tacrolimus therapy to end of therapy or last follow-up (d, mean ± SEM)
	128 ± 28.5 (range: 2-266)

	Patients discharged from the hospital under continued tacrolimus therapy, n (%)
	19/22 (86.4)

	Clinical response to tacrolimus therapy, including remission, n (%)
	18/22 (81.8)

	Clinical remission under tacrolimus therapy, n (%)
	8/22 (36.4)

	Colectomy during follow-up, n (%)
	7/22 (31.8)

	Direct transmission to the surgery department after primary failure of tacrolimus therapy, n (%)
	2/22 (9.1)

	Time from start of tacrolimus therapy to colectomy (d, mean ± SEM)
	97.4 ± 20.8 (range: 5-194)

	SEM: Standard error of the mean
	




Table 4 Documented suspected side effects of tacrolimus during intravenous and oral treatment
	Suspected side effect
	n = 22

	None, n (%)
	10/22 (45.5)

	Treatment discontinuation due to side effects, n (%)
	2/22 (9.1) (1 due to severe vomiting, 1 due to anemia and leukopenia)

	Nausea ± vomiting, n (%)
	3/22 (13.6)

	Stomach pain, n (%)
	1/22 (4.5)

	Headache, n (%)
	1/22 (4.5)

	Tremor, n (%)
	4/22 (18.2)

	Paresthesias, n (%)
	1/22 (4.5)

	Photosensitivity, n (%)
	1/22 (4.5)

	Itching rash, n (%)
	1/22 (4.5)

	Joint or back pain, n (%)
	1/22 (4.5)

	Muscle pain or cramps, n (%)
	2/22 (9.1)

	Temperature intolerance, n (%)
	3/22 (13.6)

	Anemia, leukopenia, n (%)
	1/22 (4.5)

	Loss of hair, n (%)
	1/22 (4.5)
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