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Abstract
BACKGROUND 
Fecal microbial transplantation (FMT) is a promising new method for treating 
active ulcerative colitis (UC), but knowledge regarding FMT for quiescent UC is 
scarce.

AIM 
To investigate FMT for the maintenance of remission in UC patients.

METHODS 
Forty-eight UC patients were randomized to receive a single-dose FMT or 
autologous transplant via colonoscopy. The primary endpoint was set to the 
maintenance of remission, a fecal calprotectin level below 200 μg/g, and a clinical 
Mayo score below three throughout the 12-mo follow-up. As secondary end-
points, we recorded the patient’s quality of life, fecal calprotectin, blood 
chemistry, and endoscopic findings at 12 mo.

RESULTS 

https://www.f6publishing.com
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The main endpoint was achieved by 13 out of 24 (54%) patients in the FMT group and by 10 out of 
24 (41%) patients in the placebo group (log-rank test, P = 0.660). Four months after FMT, the 
quality-of-life scores decreased in the FMT group compared to the placebo group (P = 0.017). In 
addition, the disease-specific quality of life measure was higher in the placebo group than in the 
FMT group at the same time point (P = 0.003). There were no differences in blood chemistry, fecal 
calprotectin, or endoscopic findings among the study groups at 12 mo. The adverse events were 
infrequent, mild, and distributed equally between the groups.

CONCLUSION 
There were no differences in the number of relapses between the study groups at the 12-mo 
follow-up. Thus, our results do not support the use of a single-dose FMT for the maintenance of 
remission in UC.

Key Words: Fecal microbial transplantation; Ulcerative colitis; Quality of life; Maintenance of remission; 
Inflammatory bowel disease; Fecal calprotectin

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This randomized controlled trial compared the efficacy of fecal microbial transplantation via 
colonoscopy and autologous placebo containing patients’ own feces for the maintenance of remission in 
48 patients with ulcerative colitis. The colitis activity was measured with the clinical Mayo score and fecal 
calprotectin. There was no significant difference in relapses between the groups at the 12-mo follow-up. 
Remission remained in 54% of the patients in the fecal microbial transplantation group compared to 41% 
in the placebo group. There was no difference in the adverse events between the groups.

Citation: Lahtinen P, Jalanka J, Mattila E, Tillonen J, Bergman P, Satokari R, Arkkila P. Fecal microbiota 
transplantation for the maintenance of remission in patients with ulcerative colitis: A randomized controlled trial. 
World J Gastroenterol 2023; 29(17): 2666-2678
URL: https://www.wjgnet.com/1007-9327/full/v29/i17/2666.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i17.2666

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease with an uncertain etiology. The symptoms of 
UC include bloody diarrhea and abdominal cramps. The pathophysiology is thought to involve an 
altered and exaggerated inflammatory response to commensal bacteria in genetically predisposed 
individuals[1]. An increasing proportion of the population is affected by UC, and the prevalence is 
highest in North America and Northern Europe. For example, in Finland, the yearly incidence is over 
25/100000 and is growing[2]. The lifelong risk of colectomy remains elevated despite new immune 
response-targeting treatment options[3]. Patients with UC show a reduced quality of life compared to 
the general population even if the disease is quiescent[4].

UC is associated with decreased gut microbial diversity and stability as well as altered microbiota 
composition and function[5]. In conditions such as Clostridioides difficile infection (CDI) and irritable 
bowel syndrome (IBS), fecal microbial transplantation (FMT) has been shown to alter the patients’ gut 
microbiota in the long term to resemble that of healthy donors[6-8]. During the last decade, FMT has 
become a recommended treatment option for recurrent Clostridioides difficile infection (rCDI)[9]. The 
efficacy of FMT for rCDI exceeds 90% using an optimal protocol[10,11]. On this basis, it is worthwhile to 
investigate FMT in UC patients.

FMT has shown promising efficacy for active UC in placebo-controlled trials, although the 
methodology has varied between studies[12-15]. Repetitious FMTs have been the most frequently 
applied approach among these studies, while the applied treatment protocols have been otherwise 
diverse. Some studies have applied a multidonor approach and prepared each transplant from the feces 
of multiple donors[14,15]. Anaerobic conditions for manufacturing the fecal transplant have been invest-
igated and shown to yield good results[15], as has the administration of a transplant to each patient as 
many as 40 times[14]. One study showed a clear difference in efficacy between donors, as transplants 
from one donor were more effective than transplants from the other five donors[13].

A recent randomized placebo-controlled trial from India investigated the efficacy of FMT in the 
maintenance of UC remission[16]. In this study, FMT prevented relapses through the administration of 
transplants during bimonthly colonoscopies, making the implementation of the applied protocol very 

https://www.wjgnet.com/1007-9327/full/v29/i17/2666.htm
https://dx.doi.org/10.3748/wjg.v29.i17.2666


Lahtinen P et al. FMT for maintenance of UC remission

WJG https://www.wjgnet.com 2668 May 7, 2023 Volume 29 Issue 17

laborious in clinical practice. Additionally, the study population consisted of primary responders to 
FMT treatment; thus, the patients in the trial were a highly selective group.

Given that a single FMT alters the gut microbiota for the long term in rCDI[6] as well as in IBS[8] 
patients, we aimed to investigate the efficacy of a single FMT via colonoscopy to maintain remission in 
UC patients. Additionally, we aimed to investigate the potential differences in quality of life, fecal 
calprotectin, blood chemistry [blood count, liver enzymes, creatinine, and C-reactive protein (CRP)], and 
endoscopic findings during the 12-mo follow-up period.

MATERIALS AND METHODS
Study design
We randomized patients with UC in remission into two groups in a 1:1 ratio to receive either FMT from 
a healthy donor (“FMT group”) or an autologous transplant made from the patient’s own feces 
(“placebo group”). To ensure blinding, all participants donated their stool for the preparation of the 
placebo transplant, and the FMT group samples were discarded. Bowel lavage was performed using a 
macrogol solution prior to colonoscopy. The transplant was administered into the cecum of the patient 
during colonoscopy at baseline.

After the baseline intervention, the patients were followed until a colonoscopy 12 mo later. During 
the follow-up period, the participants were contacted at 2 mo, 4 mo, and 8 mo after the intervention, at 
which times the clinical Mayo score[17] was recorded and blood samples were obtained. The quality of 
life was assessed at baseline as well as at 4 mo and 12 mo[4]. Fecal calprotectin samples were obtained at 
seven timepoints (baseline and at 2 mo, 4 mo, 6 mo, 8 mo, 10 mo, and 12 mo).

The primary endpoint was sustained remission through the 12-mo follow-up time. Remission was 
defined as a clinical Mayo score below three and a fecal calprotectin level below 200 μg/g. Additionally, 
an overt relapse between the measurement points leading to a course of steroids or escalation of 
maintenance therapy was considered a failure.

This randomized placebo-controlled study was conducted in Finland in the Gastroenterology 
Departments of Helsinki University Hospital, Helsinki and Päijät-Häme Central Hospital, Lahti. The 
ethical review board of Helsinki University Hospital approved the study (29/13/03/01/2014). The 
principles of the Declaration of Helsinki were followed. The trial was registered at ClinicalTrials.gov 
(NCT03561532).

Participants
Forty-eight patients (21-70-years-old) diagnosed with UC were recruited for the study. The inclusion 
criteria stated that the patients had to be in remission, and the eligibility criteria included fecal calpro-
tectin levels below 100 μg/g and a clinical Mayo score < 3 at the time of screening. The exclusion criteria 
included the use of antibiotics within 3 mo prior to study entry, a history of tumor necrosis factor-α 
blockers or other biologics, the use of a high dose of corticosteroids (prednisolone ≥ 20 mg/d), and 
pregnancy. The patients were recruited from primary and secondary health care centers of the Helsinki 
and Lahti regions. At baseline, the majority of the patients were on mesalazine.

After the screening visit and before the start of the trial, some patients experienced minor activation 
of the disease; 8 patients, 4 in each group, had a clinical Mayo score ≥ 3, and 10 patients, 3 in the FMT 
group and 7 in the placebo group, had fecal calprotectin levels ≥ 200 μg/g. At baseline, none of these 
patients experienced significant symptoms, and they did not require escalation of medication. 
Participants with fecal calprotectin ≥ 200 μg/g or a clinical Mayo score ≥ 3 were analyzed separately as 
“subgroup B” (n = 15), and the participants without these signs of disease activity at baseline were 
included in “subgroup A” (n = 33). Among all the recruited patients, 16 patients had minor endoscopic 
colitis activity with an endoscopic Mayo score of 1 at baseline, while the rest of the patients had an 
endoscopic Mayo score of 0 at baseline.

Participant recruitment started in October 2014. At the beginning of the study, the inclusion criteria 
required a diagnosis of UC within 6 mo. However, due to very slowly proceeding recruitment, an 
amendment to the study protocol was made and approved by the ethical board in October 2016 (HUS/
1652/2016). Thereafter, patients with any disease duration were eligible. Recruitment remained slow 
even after the amendment. The study proceeded using fewer than the desired 80 participants due to 
time constraints. The follow-up of the last included patient was completed in May 2020 (CONSORT 
flow diagram in Supplementary Figure 1).

Donors
Transplants from three healthy donors were used in this study. The donors had normal body weights 
and were healthy without any diagnosed long-term illnesses or medications. All donors had a healthy 
lifestyle and a diet that included animal products but was rich in vegetables. They were screened 
according to the best practice at the time[10]; however, the donor screening guidelines have evolved 
since the start of the trial[9]. The laboratory tests for donor screening are collectively presented in 
Supplementary Table 1. We applied transplants from a female in her forties (“Donor 1”) and a young 

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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adult male (“Donor 2”), both of whom had previously served as donors in our studies[6,8] and in 
routine clinical practice of FMT to treat rCDI. A male in his fifties (“Donor 3”) was a new donor 
recruited for this study.

Intervention
Half of the participants, 24 out of 48, received FMT via colonoscopy into the cecum as described 
previously[10]. The fecal transplants were produced from 30 g of feces from a healthy donor. We used 
three universal donors, and the fecal suspensions were prepared as previously described and stored at -
80 °C[10].

Briefly, feces were suspended in sterile saline and mixed with glycerol (final concentration of 10%) in 
a 250 mL screw cap container by using a spatula. The suspension was frozen at -80 °C immediately after 
preparation and within 2 h of defecation to minimize the time of exposure to oxygen. For FMT 
application, the suspension was thawed at 37 °C or room temperature, mixed briefly and loaded into 
syringes to avoid clogging by unsuspended particles. If necessary, the suspension was passed through a 
presterilized, stainless steel tea strainer to remove particles before loading the syringes. The remaining 
24 participants in the placebo group were treated in an otherwise similar manner, but the fecal 
suspension was made using the participants’ own freshly donated stool. Autologous placebo was 
prepared from fresh feces for practical reasons to prevent an extra visit and minimize inconvenience to 
the patients.

Power calculation and estimated sample size
The relapse rates during the 12-mo follow-up period were estimated to be 50% in the placebo group and 
15% in the FMT group. Previous studies of FMT for maintenance of remission of UC were not published 
at the time of study design. Due to the lack of available studies, the estimation of outcomes was based 
on knowledge concerning the maintenance of remission using mesalazine[18] and extrapolating from 
FMT studies for rCDI[11], in which over 90% efficacy had been achieved.

The calculated sample size using the z-test (95% confidence interval, α = 0.05 and β = 0.1, 90% power) 
to find a significant treatment effect was 33 patients in each group, and to cover possible dropouts, we 
aimed for a sample size of 40 participants per group, 80 participants in total[19].

Randomization and blinding
The participants were randomized 1:1 to receive FMT or placebo. The randomization was executed in 
blocks of 6 patients by a study nurse not involved in the treatment of the patients. The participants and 
the treating personnel were blinded to the type of feces transplanted. The randomization was decoded 
only after all the patients had completed the 12-mo follow-up.

Outcomes
The primary outcome was the maintenance of remission through the 12-mo follow-up period. A relapse 
of colitis was considered a failure to achieve the primary outcome. The patients were followed until the 
time of the recorded relapse, after which they were dropped from the follow-up. The patients who 
remained in remission were followed until the study endpoint of 12 mo after baseline.

The secondary endpoints were quality of life, endoscopic and histologic findings at 12 mo, fecal 
calprotectin, and blood chemistry. General quality of life was assessed with the 15 dimensions (15D) 
questionnaire, and disease-specific quality of life was assessed with the Inflammatory Bowel Disease 
Quality of Life Questionnaire (IBDQ) (McMaster University, Hamilton, Canada, license No. IBDQ22-
081)[4]. The histologic activity was graded in four categories: histological remission; mild activity 
(lamina propria or intraepithelial neutrophils); moderate activity (presence of crypt abscess); and strong 
activity (presence of erosion or ulcer)[20].

The participants donated stool samples every 2nd mo (months 0, 2, 4, 6, 8, 10, and 12) for the detection 
of fecal calprotectin. Blood samples were obtained at baseline as well as at months 4, 8, and 12. The 
blood tests included complete blood counts, liver enzymes, creatinine, and CRP. Fecal calprotectin 
values below 50 μg/g and CRP values below ten were not reported by the laboratory and were coded as 
null accordingly.

Statistical methods
Descriptive statistics are presented as the means with standard deviations (SDs) for continuous 
variables and as frequencies and percentages for qualitative variables. Differences between the study 
groups in the maintenance of remission during the follow-up were assessed using the Kaplan-Meier 
method. Associations of baseline characteristics with the maintenance of remission were analyzed with 
univariate Cox regression models. In addition, 15D scores were presented using profile plots, and 
differences between groups were assessed by t tests. Differences in endoscopic and histological colitis 
activity between the study groups were analyzed with the χ2 test. P values < 0.05 were considered 
statistically significant for all analyses. SPSS version 27 (IBM Corp. Released 2020. IBM SPSS Statistics 
for Windows, Version 27.0. Armonk, NY, United States) was used for the statistical analysis.
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RESULTS
Baseline characteristics
Forty-nine patients were recruited for this study. After the screening visit and before randomization, 1 
patient had overt activation of colitis and was excluded. This left 48 patients to be randomized, with 24 
in each group. The patient flow of the study is presented in Supplementary Figure 1, and the baseline 
characteristics of the patients are presented in Table 1. The placebo group had a longer duration of 
disease than the FMT group (114 mo vs 39 mo, P = 0.006). At baseline, the mean fecal calprotectin level 
was 115.8 (SD: 184.7) in the placebo group and 66.4 (SD: 108.6) in the FMT group (P = 0.261). The 
majority of the patients were on mesalazine: 21 out of 24 patients in the FMT group and 22 out of 24 in 
the placebo group. Four patients in the placebo group were on thiopurine, but none were in the FMT 
group. At the study baseline, 2 patients in both groups were still on lower doses of tapering corticos-
teroid therapy. There were no statistically significant differences between the randomization groups 
within subgroups A and B, in which the patients had fecal calprotectin < 200 μg/g and a clinical Mayo 
score < 3 or fecal calprotectin ≥ 200 μg/g and a clinical Mayo score ≥ 3 at baseline, respectively (Table 1).

The primary endpoint-maintenance of remission
The primary endpoint of the study was the maintenance of remission through the 12-mo follow-up, 
which was achieved by 13 out of 24 (54%) patients in the FMT group and by 10 out of 24 (41%) patients 
in the placebo group. The difference between the groups was not statistically significant (log-rank test P 
= 0.660). A Kaplan-Meier survival curve of relapses in the FMT and placebo groups is presented in 
Figure 1A.

A similar result was obtained when the patients were divided into subgroups according to the clinical 
Mayo score and fecal calprotectin level at baseline. In subgroup A, 6 out of 16 patients relapsed in the 
placebo group, and 7 out of 17 patients relapsed in the FMT group (P = 0.703, Figure 1B). Similarly, 
subgroup B showed no difference between the placebo and FMT groups (P = 0.556) in the number of 
relapses; all 8 patients in the placebo group and 5 out of 7 patients in the FMT group relapsed 
(Figure 1C).

To study the possible effect of a specific donor on the patient’s outcome, we divided the patients into 
three groups according to the donor and compared these to the placebo. There were no statistically 
significant differences in the number of relapses between the different donors (log-rank, P = 0.517). At 
the 12-mo follow-up, 41.7% (10/24) of the patients in the placebo group remained in remission 
compared to 33.3% (2/6) from Donor 1, 50.0% (5/10) from Donor 2, and 62.5% (5/8) from Donor 3.

We also analyzed the effect of essential baseline characteristics on the maintenance of remission 
between these donor groups, which included the duration of disease status, fecal calprotectin, clinical 
Mayo score, total 15D score, and total IBDQ score (Supplementary Table 2). The mean duration of 
disease was 114 mo in the placebo group, 5 mo in the Donor 1 group, 52 mo in the Donor 2 group, and 
49 mo in the Donor 3 group. The disease duration did not have a statistically significant effect on the 
maintenance of remission in any of the donor groups. There were some statistically significant 
relationships between baseline characteristics and maintenance of remission. In the placebo group, 
lower maintenance of remission time was associated with higher baseline fecal calprotectin [Cox 
regression, hazard ratio (HR): 1.003; 95% confidence interval (CI): 1.001-1.005; P = 0.010) and a higher 
baseline clinical Mayo score (Cox regression, HR: 1.498; 95%CI: 1.067-2.102; P = 0.020). In the Donor 2 
group, a lower mean 15D total score at baseline was associated with lower maintenance of remission 
(Cox regression, HR: 0.000; CI: 0.000-0.374; P = 0.033). All other analyzed associations were statistically 
insignificant (Supplementary Table 2).

Secondary endpoint–changes in patient quality of life
We investigated the impact of FMT on patient quality of life as measured with the 15D questionnaire 
and disease-specific quality of life as measured with the IBDQ questionnaire.

The 15D total score was similar between the placebo and FMT groups at baseline (t test, P = 0.335) 
(Figure 2A) and at the 12-mo follow-up after FMT treatment (P = 0.905) (Figure 2B). However, there was 
a significant difference in the 15D total score between the FMT and placebo groups (P = 0.017) 4 mo after 
treatment (Figure 2C). The mean change in the 15D total score from baseline to 4 mo was -0.032 (slightly 
worse) in the FMT group and -0.009 (no change) in the placebo group. The estimation of the importance 
of change was performed as presented previously[21]. The mean change in the 15D total score from 
baseline to 12 mo was -0.008 (no change) in the FMT group and -0.015 (slightly worse) in the placebo 
group. Additionally, of the 15D, there were statistically significant differences in breathing (P = 0.049), 
usual activities (P = 0.042), and vitality (P = 0.006), all favoring the placebo group.

The disease-specific quality of life as measured with the IBDQ[22] was also similar between the 
placebo and FMT groups at baseline (P = 0.519) and at 12 mo (P = 0.868), but at 4 mo, there was a 
difference in the IBDQ total score favoring the placebo group (P = 0.003). Of the four IBDQ subcat-
egories, there were statistically significant differences in the emotions (P = 0.008) and systemic (P = 
0.010) subcategories.

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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Table 1 The baseline demographics of patients included in the analysis

All patients (n = 48) Subgroup A (n = 33) Subgroup B (n = 15)Baseline 
variable FMT Placebo

P value
FMT Placebo

P value
FMT Placebo

P value

Sex as M/F 14/10 12/12 0.562 8/9 8/8 0.866 4/4 5/2 0.608

Age 43.0 (12.9) 43.1 (12.1) 0.982 43.6 (13.0) 44.8 (12.0) 0.781 41.7 (13.6) 39.8 (12.5) 0.775

Disease duration 
in mo

39.2 (51.0) 114.0 (117.6) 0.006 41.0 (56.2) 125.4 (121.7) 0.015 34.9 (38.7) 91.3 (113.2) 0.233

Fecal calprotectin 66.0 (108.6) 115.8 (184.7) 0.261 34.7 (46.3) 18.9 (44.9) 0.330 142.3 (172.9) 309.6 (208.3) 0.117

15D 0.903 (0.095) 0.928 (0.072) 0.335 0.899 (0.106) 0.939 (0.070) 0.221 0.915 (0.070) 0.907 (0.078) 0.830

IBDQ 169.4 (28.8) 162.7 (39.8) 0.519 166.9 (28.6) 171.4 (32.0) 0.688 175.0 (30.5) 147.4 (49.3) 0.223

Subgroup A included patients with fecal calprotectin < 200 µg/g and a clinical Mayo score < 3 at baseline, and subgroup B included patients with fecal 
calprotectin ≥ 200 ug/g or a clinical Mayo score ≥ 3 at baseline. Standard deviations are shown in brackets. M: Male; F: Female; 15D: The total score of the 
15 dimensions quality of life questionnaire; IBDQ: The total score of the inflammatory bowel disease quality of life questionnaire; FMT: Fecal microbiota 
transplantation.

Figure 1 Kaplan-Meier survival curve demonstrating the maintenance of remission defined as fecal calprotectin < 200 μg/g and the 
clinical Mayo score < 3 or an overt relapse in between the measurement points. A: All patients included in analysis (log rank test P = 0.660); B: 
Subgroup A, i.e. the patients with fecal calprotectin < 200 μg/g and clinical Mayo score < 3 at the baseline (P = 0.703); C: Subgroup B, i.e. the patients with fecal 
calprotectin ≥ 200 μg/g or the clinical Mayo score ≥ 3 at the baseline (P = 0.556). Censored means the end of follow-up without a relapse. FMT: Fecal microbiota 
transplantation.

Secondary endpoint-blood chemistry and fecal calprotectin
The blood chemistry, complete blood count, liver enzymes, and creatinine and CRP levels were 
analyzed at four different timepoints. Fecal calprotectin was measured every 2nd mo at six different 
timepoints. There were no clinically significant changes in any of the blood tests compared to the 
baseline. All laboratory tests at each timepoint showed no statistically significant differences between 
the FMT and placebo groups (P > 0.05). The blood chemistry and fecal calprotectin values are 
collectively presented in Supplementary Table 3.

https://f6publishing.blob.core.windows.net/5d54e172-0e91-42a0-a8f8-c67fa29e0a31/WJG-29-2666-supplementary-material.pdf
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Figure 2 The general quality of life of the complete study group shown according to the 15 dimensions and the mean total score and P 
value as expressed numerically within the picture. A: The total score of the 15 dimensions quality of life questionnaire (15D) profiles at the baseline (n = 
48); B: 15D profiles at 12 mo (n = 21); C: 15D profiles at 4 mo (n = 30). aP ≤ 0.05 and bP ≤ 0.01. FMT: Fecal microbiota transplantation; 15D: The total score of the 15 
dimensions quality of life questionnaire.

Endoscopic and histologic colitis activity at 12 mo
A colonoscopy was performed at the end of the trial, and pinch biopsies were obtained from all 23 
patients who reached the primary endpoint and remained in clinical remission throughout the follow-
up period. Endoscopic colitis activity was detected in 2 out of 13 patients in the FMT group and in 2 out 
of 10 patients in the placebo group. Likewise, mild histological colitis activity was detected in the colon 
pinch biopsies in 2 out of 13 patients in the FMT group and 2 out of 10 patients in the placebo group, 
indicating chronic inflammation. Thus, the number of patients who were in endoscopic and histologic 
remission in the follow-up colonoscopy was 11 out of 13 in the FMT group and 8 out of 10 in the placebo 
group (χ2, P = 0.772).

Adverse events
A similar number of patients experienced UC activation in the FMT and placebo groups (Figure 1). In 
addition to colitis activation, other adverse events were recorded in 4 patients in the FMT group and 6 
patients in the placebo group.

In the FMT group, the adverse events included fatigue through the follow-up period, gastroenteritis 
at 8 mo after FMT, constipation at 3 wk after FMT and a diagnosis of primary sclerosing cholangitis. In 
addition, 1 patient reported fatigue and episodes of atrial fibrillation at the 4-mo timepoint, for which he 
underwent ablation treatment. This patient subsequently developed pneumonia.

In the placebo group, 1 patient with fibromyalgia reported back pain and colitis symptoms simultan-
eously. Another patient visited the emergency room 6 mo after the procedure and was diagnosed with 
mitral valve insufficiency. One patient with spondylarthritis experienced arthralgia during the follow-
up. One patient experienced an escalation of bloating after the procedure, and 2 patients experienced a 
prolonged mild respiratory infection. Possible hospitalizations were monitored in all the participants for 
12 mo, but none were attributable to FMT.
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DISCUSSION
In this placebo-controlled trial, we examined the effect of a single FMT via colonoscopy on the 
maintenance of remission in UC patients. The primary endpoint was sustained remission over a 12-mo 
follow-up period. A relapse of UC was regarded as a failure to achieve the primary endpoint. We set the 
cutoff values to differentiate between remission and relapse to a clinically significant level; thus, a 
clinical Mayo score above three and fecal calprotectin levels above 200 μg/g were considered to indicate 
colitis activation. There was no statistically significant difference in the number of patients with a 
relapse of UC during the follow-up period in the FMT and placebo groups. According to the results, a 
single FMT via colonoscopy was ineffective for maintaining UC in remission.

Previously, the impact of the donor on the outcome of FMT was demonstrated in patients with active 
UC[13]. Including more than one donor in FMT trials enables comparison between the donors. In this 
trial, we used three donors. Sustainable remission through the follow-up was achieved by 33.3% of the 
patients who received FMT from Donor 1, whereas the same was achieved by 62.5% of the patients 
treated with FMT from Donor 3. However, the number of patients in each group was small, and the 
differences did not reach statistical significance. Furthermore, the Donor 1 treatment was applied at the 
beginning of the trial when the inclusion criteria were different, requiring new-onset disease, and 
consequently the baseline activity markers, fecal calprotectin and clinical Mayo score were higher in the 
patients of Donor 1 than in the patients of Donor 3. For these reasons, the existence or magnitude of the 
donor effect could not be proven or disproven.

Studies evaluating FMT for active as well as quiescent UC have been encouraging[13,16], but the 
present data are not sufficient to justify treating UC patients with FMT in clinical practice. Our goal was 
to investigate whether manipulation of the gut microbiota with FMT early after UC diagnosis would 
help in the maintenance of remission and the effect on the course of the disease. When planning this 
study, we aimed to recruit patients whose UC was diagnosed within 6 mo prior to the study baseline. 
However, due to slow recruitment, we made a change in the study protocol and started including 
patients with any duration of the disease. Additionally, another center, Päijät-Häme Central Hospital, 
joined the study in addition to Helsinki University Hospital. Nevertheless, the recruitment remained 
slow, and we were only able to recruit 48 of the originally planned 80 patients within a reasonable time.

As a result of the change in the protocol, 31% of the patients fulfilled the initial inclusion criteria and 
had been diagnosed within the previous 6 mo, of whom 6 patients were in the FMT group and 9 
patients were in the placebo group. Coincidentally, the patients with the longest duration of the disease 
were also randomized into the placebo group, resulting in a statistically significant difference in the 
duration of disease status between the randomization groups. The groups were similar to each other in 
all other parameters (Table 1). Patients with biologics were not included in the trial; thus, the 
participants did not have a history of severe and difficult-to-treat disease.

Previously published randomized, placebo-controlled FMT trials investigating patients with UC have 
included patients with active colitis or patients who have reached clinical remission after several FMT 
sessions[15,16,23]. The patients in our study had UC in clinical remission but had not previously 
received FMT therapy. Between the recruitment and the study baseline, a portion of the patients had 
elevated calprotectin and clinical Mayo score values without overt colitis symptoms and were included 
in a subgroup analysis (Table 1). Overall, the population of our study represented UC patients in real-
world clinical practice.

As a secondary endpoint, we aimed to investigate the effect of FMT on patient quality of life. We 
evaluated this outcome with the disease-specific IBDQ questionnaire and with the 15D questionnaire, 
which measures general health-related quality of life. Both questionnaires measure the quality of life in 
IBD patients with equal reliability[4]. Interestingly, the placebo group presented higher quality-of-life 
scores 4 mo after the treatment. This may refer to the extraintestinal influence of the gut microbiota, 
although the difference between the groups may partly be explained by the longer duration of disease 
in the placebo group and consequently better adaptation to the fluctuating symptoms of the disease. 
Indeed, the statistically significant differences concerned vitality, usual activities, and breathing in the 
15D questionnaire, while intestinal symptoms did not differ between the groups. Additionally, in the 
IBDQ questionnaire, the subcategories of emotions and systemic symptoms were statistically 
significantly better in the placebo group at the 4-mo timepoint. We found disease duration and 
adaptation to be the most plausible explanation for the observed differences since the subscores of the 
FMT group increased and the differences between treatment groups disappeared at 12 mo. However, 
changes in microbiota composition and activity extrapolating to extraintestinal effects should also be 
addressed in future investigations. Previously, we observed a possible link between microbiota, general 
mental health, and depression in our FMT studies on IBS and rCDI[8,24].

In line with our previous placebo-controlled FMT trial[8], the reported adverse events in this trial 
were evenly distributed between groups. There were no severe adverse events attributable to FMT, 
replicating previous reports stating that FMT was safe when performed with high standards[25]. Even 
as FMT appears safe in randomized controlled trials[8,13,15] and evidence of long-term safety appears 
encouraging[24], we find it highly important to continue gathering safety data on FMT from 
randomized trials as well as collecting registry data from clinical practice. The interindividual variability 
of donors is high concerning microbiota profiles as well as other characteristics, and therefore the 
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scientific community and clinicians performing FMT for CDI need to stay alert for infectious complic-
ations and for possible rare short-term and long-term adverse effects of FMT[26].

Our study had some limitations. First, the number of studied patients remained rather low, with only 
48 patients in total due to slow recruitment. Second, after patients experienced a relapse of UC, further 
data were not recorded. This decreased the amount of obtained data and complicated the comparison of 
secondary endpoints between the groups, as there were fewer cases left for the analysis with each 
successive time point. However, after a relapse, some of the patients were given corticosteroids or the 
medication was changed, which would have misrepresented the true effects of FMT or placebo. Another 
drawback was that the patients in the placebo group had UC for a longer duration than those in the 
FMT group and were likely in a more stable phase of the disease. This may have impacted the results of 
the primary endpoint as well as secondary endpoints; however, there were no statistically significant 
correlations between the duration of disease and the time to relapse or quality of life in either study 
group.

Our study also had clear advantages. Its blinded placebo-controlled design is a definite strength. We 
applied an autologous placebo, which assures very reliable blinding, and the same method has yielded 
valid results in FMT trials for rCDI[27] and in other conditions such as IBS[8] and Crohn’s disease[28]. 
However, it must be noted that the composition of the fecal microbiota may change when it is exposed 
to oxygen, and in the case of patient samples, the duration of oxygen exposure could not be carefully 
controlled, unlike for the donor samples, which were prepared and frozen within 2 h of defecation. The 
advantage of applying an autologous placebo is that it assures very reliable blinding. Other forms of 
placebo may be more easily detected by the patient or treating personnel. Another advantage of our 
study is the sufficiently long follow-up time, which enabled the treatment effect durability to be 
monitored.

Unlike in rCDI, clinical efficacy may not be achieved in UC by just a single FMT, possibly due to 
difficulties in modulating the microbiota in the longer term by only one FMT dose. Repeated FMT 
treatments could possibly enhance efficacy, as shown by Sood et al[16] where repeated FMT treatments 
were associated with maintenance of remission. In that trial, the study population was selected from 
responders to FMT given for induction of remission, and bimonthly colonoscopic FMTs for 1 year 
maintained UC in remission better than placebo. Thus, the positive effects of FMT may be maintained 
by repeated treatments. Repeated FMT treatments have also shown promising results in the induction 
of remission of active UC[13-15]. Engraftment of the transplanted microbes may be more difficult in an 
active colitis environment than in a state of remission. From this perspective, repeated FMT can be more 
justified in active disease.

Moreover, FMT may also exert its efficacy via host-derived biomolecules that exert immunoregu-
latory action or induce transcriptional changes in the affected intestinal epithelium. Action by nonper-
sisting biomolecules could also explain why multiple FMTs are needed for the induction of remission. 
On the other hand, if microbiota modulation is considered critical, a single FMT by colonoscopy with 
our protocol (applying 30 g of donor feces) can induce prolonged microbial engraftment in rCDI 
patients as well as in IBS patients[6,8].

To our knowledge, our trial is the first controlled trial to investigate a single FMT for the maintenance 
of remission in UC patients. In future FMT studies on the maintenance of UC remission, repeated 
treatments seem reasonable. However, other methods to enhance and prolong the effects should also be 
considered. For example, combining a dietary intervention may improve results and prolong remission
[29]. In one recent trial, a dietary intervention resulted in a superior effect on the induction of remission 
in UC patients compared to FMT[30].

The optimization of donor selection could possibly improve outcomes even with a single FMT given 
in remission. Additionally, conditions for the engraftment and functioning of beneficial microbiota may 
be important, particularly when FMT is given to patients in remission. Diet has a great impact on gut 
microbiota and is likely an important factor affecting the survival and function of transplanted microbes
[31]. We suggest prompt documenting of the diet in future FMT studies. Additionally, the combination 
of FMT with dietary modulation should be addressed in future studies[29,30].

There are many open questions to be answered before we can determine whether FMT may be 
applied for the maintenance of remission in UC. More research is needed to define the optimal donor 
characteristics, patient population, and timing for FMT. Additionally, the best route of FMT adminis-
tration remains undefined. While the colonoscopic route has shown promise[16], FMT with capsules 
may be considered when high numbers of patients need to be treated[23]. Finally, we do not yet know 
which stool components are responsible for the positive effects of FMT, and there is much room for 
future innovative research.

CONCLUSION
In conclusion, there were no statistically significant differences in the number of UC relapses after a 
single FMT or placebo treatment; therefore, the main outcome of our study was negative. Our results do 
not support applying a single FMT for the maintenance of UC remission. However, these results must 
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be interpreted with caution due to the small sample size, and larger studies are warranted.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is associated with altered gut microbiota. The pathophysiology of UC is thought 
to involve an altered and exaggerated inflammatory response to commensal bacteria. Fecal microbiota 
transplantation has yielded good results in the induction of UC remission.

Research motivation
Despite the development in medications for UC, some patients do not respond sufficiently to current 
treatment options and new treatment modalities are needed. Modulation of gut microbiota via fecal 
microbial transplantation (FMT) is a potential new treatment option for UC patients.

Research objectives
The goal of this trial was to gather information of the role of gut microbiota in maintenance of remission 
in UC patients, and the aim was to investigate FMT for the maintenance of UC remission.

Research methods
Forty-eight patients with quiescent UC were randomized 1:1 to receive a single FMT via colonoscopy or 
a placebo made from the patient’s own stool. The patients were followed for 12 mo, and colitis 
symptoms were measured as well as fecal calprotectin. As secondary endpoints, quality of life, blood 
chemistry, and endoscopic findings at 12 mo were measured.

Research results
UC remission was maintained by 13 out of 24 (54%) patients in the FMT group and by 10 out of 24 (41%) 
patients in the placebo group (log-rank test, P = 0.660). The quality of life was lower in the FMT group at 
4 mo after FMT as compared to the placebo group (P = 0.017). There were no differences in blood 
chemistry, fecal calprotectin, or endoscopic findings at 12 mo between the groups.

Research conclusions
There were no significant differences in the maintenance of remission between the groups during the 12-
mo follow-up. Thus, our results do not support the use of a single-dose FMT for the maintenance of 
remission in UC patients.

Research perspectives
Many open questions need to be answered before we can determine whether FMT may be applied for 
the maintenance of remission in UC. We do not yet know which stool components distribute the 
positive effects of FMT. More research is needed to define the optimal donor characteristics, patient 
population, and the optimal number and timing of FMT treatments.
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