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Contribution to the field statement:
Ulcerative colitis (UC) is associated with dysbiosis, i.e., i.e. undesired alterations of gut microbiota. Fecal microbiota transplantation given in repeated sessions has shown potential in maintaining remission of ulcerative colitis. However, a single treatment has not been studied previously for the maintenance of remission of ulcerative colitis remission. Our study hypothesis was that restoring the gut microbiota via fecal microbiota transplantation may prevent relapses of colitis and help maintain remission. We have previously shown that a single fecal microbiota transplantation changes the gut microbiota of a recipient for at least a year.
We investigated fecal microbiota transplantation from a healthy donor versus placebo transplantation containing patientspatients’ own fecal microbiota infor 48 patients with quiescent ulcerative colitis.   We followed the patients Patients were followed for one year and recorded their symptoms every two monthsand symptoms were recorded bimonthly using with the clinical Mayo score and colitis activity using with the fecal calprotectin test.
In the treatment group, 54% of the patients and in the placebo group 41% of the patients remained in remission for one year 54% of the patients remained in remission compared to 41% in the placebo group. The difference  which was not a statistically significant difference. There was also no difference in the duration of remission after the intervention. The result of our study was negative,; however, it guides future trials in search of an optimal fecal microbiota transplantation protocol.
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Summary
Background
Fecal microbial transplantation (FMT) is a promising new method for treating active ulcerative colitis (UC), but knowledge of FMT for quiescent UC is scarce.
Methods
Forty-eight UC patients were randomized to receive a single FMT or autologous transplant in colonoscopy. The primary endpoint was set to the maintenance of remission; fecal, fecal calprotectin below 200 µg/g , and the a clinical Mayo score below three, throughout the 12-month follow-up.   As secondary endpoints, we recorded the patient’s quality of life, fecal calprotectin, blood chemistry, and endoscopic findings at 12 months.
Results
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 (logranklog-rank test, P = .660). Four months after  the FMT, the quality of life scores decreased in the FMT group as when compared to the placebo group (P = .017). In addition, the disease -specific quality of life measure was higher in the placebo group as compared tothan in the FMT ingroup at the same time point (P = .003). There were no differences in blood chemistry, fecal calprotectin,  or endoscopic findings among the study groups at 12 months. 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 inat the 12 months -month follow- up. Thus, our results do not support the use of a single FMT for maintenance of remission in UC.
ClinicalTrials. Gov, Trial registration number: NCT03561532.
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Introduction
Ulcerative colitis (UC) is a chronic inflammatory disease with an uncertain etiologyetiology. The pathophysiology is thought to involve an altered and exaggerated inflammatory response to commensal bacteria in genetically predisposed individuals.1 An increasing number 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 25/100, 000 and growing.2 The symptoms of UC include bloody diarreadiarrhea and abdominal gramps. The risk of colon cancer exceeds that of the general population, and athe lifelong risk of colectomy remainremains elevated despite the new immune response targeting treatment options.3 The patients Patients with UC show reduced quality of life compared to the general population even if the disease is quiescent.4	Comment by Editor 3: Word intended to be "cramps"?
[bookmark: _Hlk62938132]Ulcerative colitis 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 and irritable bowel syndrome (IBS), fecal microbiota transplantation (FMT) has been shown to alter the patientspatients’ gut microbiota in the long term to resemble that of the healthy donors.6-8 During the last decade, FMT has become a recommended treatment option for recurrent C. difficile infection (rCDI).9 With an optimal protocol theThe efficacy of FMT for rCDI exceeds 90% using an optimal protocol.10 11 On this basis, it is worthwhile to investigate FMT also in UC patients.	Comment by Editor 3: Consider offering the abbreviation here.
FMT has shown promising efficacy for active UC in placebo-controlled trials, although the methodology has varied between the studies.12-15 Repetitious FMTs hashave been the most frequently applied approach among these studies, otherwise, the  while the applied treatment protocols have been diverse otherwise. Some studies have applied a multi-donor -approach and prepared each transplant from the feces of multiple donors.14 15   Anaerobic conditions for manufacturing the fecal transplant hashave been investigated with good results15, as well as, administering a transplant to each patient as many as 40 times.14 One study showed a clear difference in the efficacy between donors, as transplants from one donor were more effective than the 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 of UC.16 In this study, FMT prevented relapses, however, here the transplant was administered in  through the administration of transplants during bimonthly colonoscopies, making the implementation of the applied protocol very laborious in clinical practice.  Also Additionally, the study population wereconsisted of primary respondersresponders to FMT treatment,; thus, the patients ofin the trial were a highly selective group.
[bookmark: _Hlk95412929]Given that a single FMT alters the gut microbiota for the long term in rCDI 6 as well as in IBS patients, 8 we aimed to investigate the efficacy of a single FMT via colonoscopy to maintain remission in UC patients. AlsoAdditionally, we aimed to investigate the potential differences in the quality of life, fecal calprotectincalprotectin, and blood chemistry (blood count, liver enzymes, creatinine, and C-reactive protein), as well as endoscopic findings during the 12 months -month 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 a fecal microbiota transplant 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 samples were discarded if the participant was randomized into the FMT group and the FMT group samples were discarded. A bowel lavage was performed using macrogol solution prior to colonoscopy. The transplant was administered into the cecum of the patient in colonoscopy at the baseline.	Comment by Editor 3: Groups may be identified using parentheses rather than quotations.
After the baseline intervention, the patients were followed until a colonoscopy 12 months later. During the follow-up period, the participants were contacted at two, four, and eight months after the intervention where and the clinical Mayo score 17 was recorded and blood samples were obtained. Questionnaires to assess the quality of life, the Fifteenfifteen dimensions (15D) questionnaire, and the Inflammatory Bowel Disease Quality of lifeLife (IBDQ) Qquestionnaire were filledcompleted at the baseline as well as at four and 12 months.4 FecalFecal calprotectin samples were obtained at seven timepoints (baseline, and at 2, 4, 6, 8, 10, and 12 months).	Comment by Editor 3: Since this is a named questionnaire - should it be capitalized?
[bookmark: _Hlk95412775]The primary endpoint was considered  a sustained remission through the 12-month follow-up time. The remission Remission was defined as thea clinical Mayo score below three and fecal calprotectin below 200 µg/g. AlsoAdditionally, an overt relapse in between the measurement points leading to a course of steroids or escalation of maintenance therapy werewas considered a failure.
[bookmark: _Hlk98578283]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 principalsprinciples of the declarationDeclaration of Helsinki were followed. The trial was registered at ClinicalTrials.govGov (NCT03561532).

Participants
[bookmark: _Hlk64110573]Forty-eight patients (21-70 years old) diagnosed with UC were recruited tofor the study. The inclusion criteria stated that the patients had to be in remission, and the eligibility criteria included fecal calprotectin below 100 µg/g and thea clinical Mayo score < 3 at the time of screening. The exclusion criteria included the use of antibiotics within three months prior theto study entry, history of TNF-α blockers or other biologics, the use of a high dose of corticosteroids (prednisolone ≥ 20mg/d20 mg/d),  and pregnancy. The patients were recruited from the primary and secondary health care of the Helsinki and Lahti regions.
At the baseline, the majority of the patients were on mesalazine 22.
After the screening visit and before the start of the trial, some patients experienced minor activation of the disease. Eight patients, four in both groups, had thea clinical Mayo score ≥ 3. Ten patients had fecal calprotectin ≥ 200µg/g200 µg/g, three in the FMT group and seven in the placebo group. Participants with fecal calprotectin ≥ 200 µg/g or thea clinical Mayo score ≥ 3 were analyzed separately as “subgroup B” (n=15), and the participants without signs of disease activity at the baseline were included in the “subgroup A” (n=33).   Among all the recruited patients, sixteen patients had minor endoscopic colitis activity with an endoscopic Mayo score of 1 at the baseline, while the rest of the patients had thean endoscopic Mayo score of 0 at the baseline.
Recruiting of participantsParticipant recruitment started in October 2014. At the beginning of the study, the inclusion criteria required a a recent, within six months, diagnosis of UCdiagnosis of UC within six months. 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. Even after the amendment the The recruitment remained slow even after the amendment., thus, the original aim of 80 participants could not be achieved within reasonable time 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 (CONSORT flow diagram in Supplementary Figure 1).
Donors
Transplants from three healthy donors were used in this study. The donors had normal body weight and they were healthy without any diagnosed long-term illnesses or medications. They allAll donors had a healthy lifestyle  and theirand a diet included including animal products but was also rich in vegetables. They were screened according to the best practice at the time11,; however, the donor screening guidelines hashave evolved since the start of the trial.9 We applied transplants from a female in her forties “Donor 1” and a young adult male “Donor 2” who had previously served as donors in our studies 6 8 and in routine clinical practice of FMT to treat rCDI, as well as a male in his fifties “Donor 3” as who was a new donor.	Comment by Editor 3: Can this be quantified?	Comment by Editor 3: Participants could be identified using parentheses.
Intervention
A halfHalf of the participants, 24 out of 48, received FMT via colonoscopy into the cecum as described previously.11 The fecal transplants were produced from 30 grams of faecesfeces from a healthy donor. We applied three universal donors, and fecal suspensions were prepared as previously described and stored at -80C80 °C.10 The remaining 24 participants in the placebo group , 24 out of 48, were treated in an otherwise similar manner, but the fecal suspension was made using participantsthe participants’ own freshly donated stool.
Power calculation and estimated sample size
The relapse rates during the 12-month 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 designing,design.  Due to the lack of available studies, thethus, the  estimation of outcomes was based on the knowledge concerning the maintenance of remission using mesalazine18 and extrapolating from FMT studies for rCDI11 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 tofor a sample size of 40 participants per group, 80 participants in total.19
RandomisationRandomization and blinding
The participants were randomized 1:1 to receive FMT or placebo. The randomization was executed in blocks of six participants by a study nurse not involved in the treatment of the patients. The participants and the treating personnel were blinded forto the type of feces transplanted. The randomization was decoded only after all the patients had completed the 12-month follow-up.
Outcomes
[bookmark: _Hlk69624205]The primary outcome was a the maintenance of remission through the 12-month follow-up period. A relapse of colitis was considered a failure to achieve the primary outcome. A patient was considered to have a relapse if the clinical Mayo score was ≥ 3 or fecal calprotectin was ≥ 200µg/g200 µg/g at any of the follow-up time points or if a participant experienced an overt activation of colitis in between the controls requiring a course of steroids, escalation of maintenance therapy, or a colonoscopy. 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 12 months after the baseline.
The secondary endpoints were quality of life, endoscopic findings at 12 months, fecal calprotectin, and blood chemistry. The gGeneral quality of life was assessed with the 15 dimensions (15D) questionnaire, and the disease -specific quality of life was assessed with the Inflammatory Bowel Disease Quality of life questionnaireLife Questionnaire (IBDQ) (McMaster University, Hamilton, Canada, license No. IBDQ22-081).4	Comment by Editor 3: This phrase is used repetitively, consider abbreviating.
The participants donated stool samples every second month (monthmonths 0, 2, 4, 6, 8, 10, and 12) for the detection of fecal calprotectin. Blood samples were obtained at the baseline as well as at months 4, 8, and 12. The blood tests included blood count, liver enzymes, creatinine, and C-reactive protein. FecalFecal calprotectin values below 50 µg/g and CRP values below ten were not reported by the laboratory, thus, all calprotectin values below 50 µg/g and CRP levels below 10 and were coded as null accordingly.
Statistical methods
Descriptive statistics are presented as the means with standard deviations (SD) 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 waswere assessed using the Kaplan‒MeierKaplan-Meier method. Associations of baseline characteristics towith the maintenance of remission were analysedanalyzed with univariate Cox regression models. In addition, 15D scores are presented using profile plots, and differences between groups were assessed by t testt-tests. Differences in endoscopic and microscopic colitis activity between the study groups waswere analyzed with Chithe chi-square test (ꭓ2).   P values < .05 were considered as statistically significant for all the analyses. SPSS version 27 (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp) was used for the statistical analysis.	Comment by Editor 3: Edited to American English style guide.

[bookmark: _Hlk58237239]Results
[bookmark: _Hlk64138422]Baseline characteristics
Forty-nine patients were recruited for this study. After the screening visit and before the randomization, one patient had an overt activation of colitis and was excluded. This left 48 patients to be randomized with, 24 in both groupseach group. The patient flow of the study is presented in Supplementary Figure 1 . Baselineand the baseline characteristics of the patients are presented in Table 1. The placebo group had a longer duration of disease as compared to than the FMT group (114 vs. 39 months, P = .006). At the baseline, the mean of fecal calprotectin level was 115.8 (SD 184.7) in the placebo group and 66.4 (SD 108.6) in the FMT group (P = .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 andthiopurine but none were in the FMT group. At the study baseline, two patients in both groups were still on lower doses of tapering corticosteroid therapy. There were no statistically significant differences between the randomization groups within  the subgroups, i.e. subgroups A and B,  A and B where the patients had fecal calprotectin < 200 µg/g and thea clinical Mayo score < 3 or fecal calprotectin ≥ 200 µg/g and thea clinical Mayo score ≥ 3 at the baseline, respectively (Table 1).
The main endpoint - maintenance of remission
[bookmark: _Hlk90815281]The main endpoint of the study was the maintenance of remission through the one -year follow -up, which was achieved by 13 out of 24 patients (54%) 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 = .660). A Kaplan‒MeierKaplan-Meier survival curve of relapses in the FMT and placebo groups is presented in figureFigure 1A.
[bookmark: _Hlk90402073][bookmark: _Hlk90815341]SimilarA similar result was obtained when the patients were divided into subgroups according to the clinical Mayo score and fecalfecal calprotectin at the the baseline. In subgroup A, i.e., i.e. patients with thea baseline clinical Mayo score below three and fecal calprotectin below 200 µg/g, six out of 16 patients relapsed in the placebo group, and seven out of 17 patients relapsed in the FMT group (P = .703, Figure 1B). Similarly, subgroup B, with patients with thea baseline clinical Mayo score above three and fecalfaecal calprotectin above 200 µg/g, showed no difference between the placebo and FMT groups (P = .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).	Comment by Editor 3: Consider moving for redundancy. 	Comment by Editor 3: Consider adding percentages.	Comment by Editor 3: Consider removing for redundancy. If both instances are removed, combine this paragraph with the preceding paragraph.
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 (Table 2) and compared these to the placebo. There were no statistically significant differences in the number of relapses between the different donors (logranklog-rank, P = .517). In the placebo groupAt the 12-month follow-up, 41.7% of the patients remained in remission in remission through the follow upthe placebo group, whereas with Donor 1 the primary outcome was met bycompared to 33.3% of the patientsfrom Donor 1, with Donor 2 by 50.0% of the patients and with50% from Donor 2, and 62.5% from Donor 3 by 62.5% of the patients (Table 2).
[bookmark: _Hlk96527211]We also analyzed the effect of essential baseline characteristics on the maintenance of remission between these donor groups. These  which included; the duration of disease status, fecal calprotectin, the clinical Mayo score, the total 15D score, and the total IBDQ score. The mean duration of disease was 114 months in the placebo group, 5 months in the Donor 1 group, 52 months in the Donor 2 group, and 49 months in the Donor 3 group, however, . The duration of diseasedisease duration status did not have a statistically significant effect on the maintenance of remission in any of the donor groups.
In the placebo group, lower maintenance of remission was associated with higher baseline fecal calprotectin (Cox reg, HR 1.003; CI 1.001-1.005; P = .010) and higher baseline clinical Mayo score (Cox reg, HR 1.498; CI 1.067-2.102; P = .020). In the Donor 2 group, a lower mean 15D total score at the baseline was associated with lower maintenance of remission (Cox reg, HR 0.000; CI 0.000-0.374; P = .033). All other analyzed analysed associations were statistically insignificant.	Comment by Editor 3: Consider adding an introductory statement prior to sharing these results.
Secondary endpoint – Changes in the patient’s quality of life
We investigated the impact of FMT toon the patient’spatient quality of life as measured with the 15D questionnaire and the disease -specific quality of life as measured with the IBDQ questionnaire.
[bookmark: _Hlk95413837]The 15D total score was similar between the placebo and FMT groups at the baseline (t testt-test, P = .335) and 12-month follow-ups well as at 12-month after the FMT treatment (P = .905). However,, four months after the treatment  there was a significant difference in the 15D total score between the FMT and the placebo groups (P = .017) four months after treatment. The mean change ofin the 15D total score from the baseline to four months 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 doneperformed as presented previously.20 The mean change ofin the 15D total score from the baseline to 12 months was -0.008 (no change) in the FMT group and -0.015 (slightly worse) in the placebo group. Additionally, of the 15 dimensions, there were statistically significant differences in breathing (P = .049), usual activities (P = .042), and vitality (P = .006), all favorfavouring the placebo group.
[bookmark: _Hlk95414718]The disease -specific quality of life as measured with IBDQ 21 was also similar between the placebo and the FMT groups at the baseline (P = .519) and at 12 months (P = .868), but at four months, there was a difference in the IBDQ total score favorfavouring the placebo group (P = .003, Table 3). Of the four subcategories of IBDQIBDQ subcategories, there were statistically significant differences in two, the emotions (P = .008) and systemic (P = .010) subcategories.
Secondary endpoint - Blood chemistry and fecal calprotectin
As blood Blood chemistry, blood count, liver enzymes, creatinine, and C-reactive protein were measured at four different timepoints. FecalFecal calprotectin was measured every second month at six different timepoints. There were no clinically significant changes in any of the blood tests as compared to the baseline. All laboratory tests onat each timepoint showed no statistically significant differences between the FMT and placebo groups (P > .05). The blood chemistry and fecal calprotectin values are collectively presented in the Supplementary Table table 2.
3.5 Endoscopic and microscopic colitis activity at 12 months
A colonoscopy was performed at the end of the trial, and pinch biopsies were obtained from all the 23 patients who reached the primary endpoint and remained in clinical remission throughout the follow-up period. Endoscopic colitis activity was detected in two out of 13 patients in the FMT- group and in two out of ten patients in the placebo group. Likewise, histological colitis activity , i.e. histology compatible with active chronic inflammation, was detected in the colon pinch biopsies in two out of 13 patients in the FMT- group and two out of 10 patients in the placebo group indicating chronic inflammation. Thus, the number of patients who were in endoscopic and microscopic remission in the follow -up colonoscopy was 11 out of 13 in the FMT group and 8 out of 10 in the placebo group (ꭓ2, P = .772).	Comment by Editor 3: Ten could be written in number form by most style guides.
Adverse events
In the FMT and the placebo groups A similar number of patients experienced UC activation of UC in the FMT and placebo groups (Figure 1). BesidesIn addition to colitis activation, other adverse events were recorded with  in four patients in the FMT group and six patients in the placebo group.
In the FMT group, the adverse events included fatigue through the follow -up period and , gastroenteritis at eight months after the FMT, constipation at three weeks after the FMT, a mild increase ofin liver enzymes and subsequentlya subsequent diagnosis of primary sclerosing cholangitis. In addition, one patient reported fatigue at four months timepoint, and episodes of atrial fibrillation at the four-month timepoint, for which he was performed an underwent ablation treatment. and heThis patient subsequently developed pneumonia subsequently.	Comment by Editor 3: This sentence is confusing but was not editing to avoid changing the meaning of the sentence. The first few events were time-bound but liver enzyme increases and cholangitis were not.
In the placebo group, one patient with fibromyalgia reported back pain and simultaneously with colitis symptoms simultaneously. Another patient visited the emergency room at six months 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 two patients experienced prolonged mild respiratory infection.

Discussion

[bookmark: _Hlk93825134]In this placebo-controlled trial, we examined the effect of a single FMT via colonoscopy foron the maintenance of remission in ulcerative colitis patients. The main primary endpoint was a sustained remission through the one -year follow-up. A relapse of UC was regarded as a failure to achieve the primary endpoint. In addition to clinical symptoms, thea clinical Mayo score above three and fecal calprotectin levels of above 200 µg/g were considered as 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 the placebo groups and thus, a. According to the results, a single FMT via colonoscopy was ineffective for maintaining UC in remission.
Studies with FMT for active as well as quiescent UC have been encouraging13 16, but the present data isare not sufficient to justify treating UC patients with FMT in clinical practice. Our goal was to investigate ifwhether manipulation of the gut microbiota with FMT early after UC diagnosis would help in the maintenance of remission and the effect on effect on  the course of the disease. Thus, whenWhen planning this study, we aimed to recruit patients whose UC was diagnosed within six months 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. AlsoAdditionally, another center, Päijät-Häme Central Hospital, joined the study in addition to Helsinki University Hospital. StillNevertheless, the recruitment remained slow, and thus, we were not able to recruitonly able to recruit 48 of the originally plannedoriginally planned 80 patients within a reasonable time and finally, we ended up having 48 participants in the study..
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 six months, of whom six were in the FMT group and nine were in the placebo group. Coincidentally, also the patients with the longest duration of the disease were randomisedalso randomized into the placebo group, resulting intoin a statistically significant difference in the duration of disease status between the randomization groups. In other parameters, theThe groups were similar to each other in all other parameters (Table 1).
PreviousPreviously- 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 sessions15 16 22. The patients ofin our study had UC in clinical remission but had not previously received FMT therapy previously. Between the recruitment and the study baseline, a portion of the patients elevated their calprotectin and clinical Mayo score values without overt colitis symptoms and were thus performed included in a subgroup analysis (Table 1). All in allOverall, the population of our study represent well represents UC patients in real -world clinical practice.
As a secondary endpoint, we aimed to investigate the effect of FMT toon the patient’s quality of life. We measured this 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 inof IBD patients with equal reliability.4 Interestingly, the placebo group presented higher quality of life scores four months 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. AlsoAdditionally, in the IBDQ questionnaire, the subcategories of emotions and systemic symptoms were statistically significantly better in the placebo group at the four months -month timepoint. We find disease duration and adaptation  to the disease asto be the most plausible explanation for the observed differences since at the 12 monthssince the subscores of the FMT group increased and the differences between treatment groups disappeared at 12 months. However, changes in the microbiota composition and activity extrapolating to extraintestinal effects should also be addressed in future investigations. Previously, we have observed a possible link between microbiota, general mental health, and depression in our FMT studies on IBS and rCDI.23 24
In line with our previous placebo-controlledplacebo-controlled FMT trial,23 the reported adverse events in this trial were evenly distributed between the groups. There were no serious adverse events attributable to FMT replicating. This replicates previous reports stating that FMT was safe as when performed with high standards.25 Even as FMT appears safe in randomized controlled trials13 15 23 and evidence of long -term safety appears encouraging24, we find it highly important to continue gathering safety data of FMT from randomized trials as well as by collecting registry data from clinical practice. The interindividual variability of donors is high concerning microbiota profiles as well as other characteristics, and therefore, the science community as well asand clinicians performing FMT for C. difficile infection need to stay alert for infectious complications as well asand for possible rare short- and long-term adverse effects of FMT.26
Our study had some limitations. FirstlyFirst,, due to slow recruitment the number of studied patients remained rather low, only 48 patients with only 48 patients due to slow recruitment. However, the remissions were soremained  equally distributed between the groups,, that not even  and noa tendency for better or worse outcomeoutcomes was detected. SecondlySecond, after the patients had experienced a relapse of UC, further data waswere not recorded. This decreased the amount of obtained data and complicated comparison of the secondary endpoints between the groups, as in every further time point as there were lessfewer 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, thus the data after the relapse which would not have expressedhave misrepresented the true effects of FMT or placebo. YetHowever, another drawback was that the patients in the placebo group  had had UC for a longer time duration as compared tothan those in the FMT group, thus, they likely had a more stable phase in the course of the disease and were likely in a more stable phase of the disease. This may have impacted the results of the main 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 as well. . A blinded placebo-controlled study design is a definite strength. We applied an autologous placebo, which assures very reliable blinding, and the same method has resulted in reasonable results in FMT trials for rCDI27 and in other conditions such aslike irritable bowel syndrome23 and pouchitis28. However, it must be addressednoted that the composition of 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 whichthat were prepared and freeze-stored within two hours of defecation. The advantage inof applying an autologous placebo is that it assures very reliable blinding. Other forms of placebo may be easiermore easily detected by the patient or treating personnel. Another advantage of our study is the sufficiently long follow-up time, which allows the to monitormonitoring of the durability of the treatment effect.treatment effect durability.
Repeated FMT treatments cwould possibly enhance efficacy, as in the study of shown by Sood and colleagues, where repeated FMT treatments were associated with maintenance of remission.16 However, the study population was selected from responders to FMT given as induction of remission, thus,. Resultantly, a direct comparison to our results cannot be made. Repeated FMT treatments have shown thus far  the most promising results in UC to date, as induction of remission has been successful with repeated FMTs.13-15 Engraftment of the transplanted microbes may be more difficult in an environment of active colitisactive colitis environment as compared to than in a state of remission, and from this perspective, repeated FMT can be justified in active disease. Moreover, FMT may also exert its efficacy also via host-derived biomolecules, which exert immunoregulatory action or induce transcriptional changes in the affected intestinal epithelium. Action by nonpersistingvia non-persisting 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 30g30 g of donor feces has been shown to induce a prolonged microbial engraftment in rCDI patients as well as in IBS patients., 6 23 Based on this information, the oand optimization of donor selection could possibly improve outcomes even with a single FMT given in remission. By oThus, optimizing donor selection, conditions for engraftment and functioning of beneficial microbiota may turn out important, particularly when FMT is given to patients in remission. Interestingly, in a preliminary study, dietary intervention was more effective than FMT in inducing remission of mild to moderate UC,29 and the combination of FMT and dietary modulation should also be addressed in the future studies.
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, as well as the right patient population, and timing for FMT. AlsoAdditionally, the best route of FMT administration is stillremains to beun defined. While the colonoscopic route has shown promise16, FMT with capsules may be considered when high numbers of patients need to be treated.22 
[bookmark: _Hlk95415207]In conclusion, there were no statistically significant differencedifferences in the number of relapses of UC 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 remission in UC. UC remission. However, due to the small sample size these results must be interpreted with caution due to the small sample size, and larger studies are warranted.
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TABLESTABLE:

[bookmark: _Hlk90402844][bookmark: _Hlk90402987] TABLE 1 The baseline demographics of patients included in the analysis,. Subgroup An in A theincluded patients with fecal calprotectin < 200 µg/g and, thea clinical Mayo score < 3 at the baseline, and subgroup B theincluded patients with fecal calprotectin ≥ 200 µg/g or thea clinical Mayo score ≥ 3 at the baseline. Standard deviations are shown in brackets.

	
	
	
	

	All patients (N=48)
	FMT
	       Placebo
	 P valueP-value

	Gender (M/F)
	 14/10
	 12/12
	.562

	Age
	43.0 (12.9)
	43.1 (12.1)
	 .982

	Duration of the disease in months
	39.2 (51.0)
	114.0 (117.6)
	.006

	Calprotectin (µg/g)
	66.0 (108.6)
	115.8 (184.7)
	.261

	15D
	0.903 (0.095)
	0.928 (0.072)
	.335

	IBDQ
	169.4 (28.8)
	162.7 (39.8)
	.519

	Subgroup A (N=33)
	
	
	

	Gender (M/F)
	 8/9
	 8/8
	.866

	Age
	43.6 (13.0)
	44.8 (12.0)
	.781

	Duration of the disease in months
	41.0 (56.2)
	125.4 (121.7)
	.015

	Calprotectin (µg/g)
	34.7 (46.3)
	18.9 (44.9)
	.330

	15D
	0.899 (0.106)
	0.939 (0.070)
	.221

	IBDQ
	166.9 (28.6)
	171.4 (32.0)
	.688

	Subgroup B (N=15)
	
	
	

	Gender (M/F)
	 4/4
	 5/2
	.608

	Age
	41.7 (13.6)
	39.8 (12.5)
	.775

	Duration of the disease in months
	34.9 (38.7)
	91.3 (113.2)
	.233

	Calprotectin (µg/g)
	142.3 (172.9)
	309.6 (208.3)
	.117

	15D
	0.915 (0.070)
	0.907 (0.078)
	.830

	IBDQ
	175.0 (30.5)
	147.4 (49.3)
	.223



Abbreviations: 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.

[bookmark: _Hlk96460329]TABLE 2 The number and percentage (in brackets) of patients who relapsed during the follow -up and of those who stayed in remission through the follow -up, divided according to the transplant donor of the transplant and the placebo group. 
	
	Placebo
	Donor 1
	Donor 2
	Donor 3

	Number of patients
	24
	6
	10
	8

	Relapsed, N (%)
	14 (58.3%)
	4 (66.7%)
	5 (50.0%)
	3 (37.5%)

	Remission, N (%)
	10 (41.7%)
	2 (33.3%)
	5 (50.0%)
	5 (62.5%)




TABLE 3 The inflammatory bowel disease questionnaire (IBDQ) mean total score and standard deviations in brackets. The P valueP-value was statistically significant at the four months -month timepoint, favoring the placebo group. 
	
	FMT
	Placebo
	P valueP-value

	Baseline
	169.4 (28.8)
	162.7 (39.8)
	.519

	4 months
	172.2 (23.5)
	191.4 (19.8)
	.017

	12 months
	182.3 (25.1)
	186.2 (27.3)
	.685




FIGURE LEGENDSLEGENDS
[bookmark: _Hlk93237929][bookmark: _Hlk93746783]FIGURE 1. Kaplan‒MeierKaplan-Meier survival curve demonstrating the maintenance of remission defined as fecal calprotectin < 200 µg/g and thea clinical Mayo score < 3 or an overt relapse in between the measurement points. (A) All patients included in the analysis (log- rank test P = .660). (B) Subgroup A, i.e., i.e. the patients with fecal calprotectin < 200 µg/g and, a clinical Mayo score < 3 at the baseline (P = .703). (C) Subgroup B, i.e., i.e. the patients with fecal calprotectin ≥ 200 µg/g or thea clinical Mayo score ≥ 3 at the baseline (P = .556). Censored means the end of follow -up without a relapse.

FIGURE 2 The general quality of life (15D) of the complete study group shown according to each of the 15 dimensions and the mean total score and P valueP-value as expressed numerically within the picture. (A) 15D profiles at the baseline (n = 48), (B) 15D profiles at 4 months (n = 30) and (C) 15D profiles at 12 months (n = 21). *P ≤ 0.05 and **P ≤ 0.01.

SUPPLEMENTARY

Supplementary Figure 1: Consort flow diagram

Supplementary Table 1. The effect of baseline characteristics on the maintenance of remission analyzed analysed with the Cox regression method. The baseline variables were analyzed one at a time, thus,  and the presented numbers are crude values.

	Baseline variable
	Group
	Mean
	P valueP-value
	 

	
	
	
	
	Hazard ratio (95% CI)

	15D total score
	Placebo
	0.928
	0.350
	0.02 (0.00; ; 82.50)

	15D total score
	Donor 1
	0.917
	0.729
	126.54 (0,00; ; 98E13)

	15D total score
	Donor 2
	0.894
	0.033
	0.00 (0.00; ; 0.37)

	15D total score
	Donor 3
	0.905
	0.206
	0,00 (0.00; ; 24E10)

	IBDQ total score
	Placebo
	162.7
	0.09
	0.99 (0.98; ; 1.00)

	IBDQ total score
	Donor 1
	178.0
	0.08
	1.06 (0.99; ; 1.14)

	IBDQ total score
	Donor 2
	172.6
	0.17
	0.97 (0.94; ; 1.01)

	IBDQ total score
	Donor 3
	159.3
	0.13
	0.91 (0.80; ; 1.03)

	Duration of disease
	Placebo
	114.0
	1.00
	1.00 (1.00; ; 1.00)

	Duration of disease
	Donor 1
	5.2
	0.89
	1.06 (0.47; ; 2.42)

	Duration of disease
	Donor 2
	51.7
	0.77
	1.00 (0.99; ; 1.02)

	Duration of disease
	Donor 3
	49.1
	0.70
	1.00 (0.98; ; 1.03)

	Fecal calprotectin
	Placebo
	115.8
	0.01
	1.00 (1.00; ; 1.00)

	Fecal calprotectin
	Donor 1
	99.7
	0.24
	1.00 (1.00; ; 1.01)

	Fecal calprotectin
	Donor 2
	73.1
	0.42
	1.00 (0.99; ; 1.01)

	Fecal calprotectin
	Donor 3
	32.0
	0.57
	0.99 (0.96; ; 1.02)

	Clinical Mayo score
	Placebo
	0.9
	0.02
	1.50 (1.07; ; 2.10)

	Clinical Mayo score
	Donor 1
	1.3
	0.12
	3.20 (0.74; ; 13.86)

	Clinical Mayo score
	Donor 2
	1.1
	0.14
	1.67 (0.85; ; 3.28)

	Clinical Mayo score
	Donor 3
	0.8
	0.89
	0.92 (0.32; ; 2.71)




Supplementary Table 2: Laboratory values as the means and standard deviations (SD) in the FMT and placebo groups at timepoints of measurement, blood chemistry at 0, 4, 8, and 12 months, and fecal calprotectin at 0, 2, 4, 6, 8, 10, and 12 months. The number of measured patients (N) decreases onat each timepoint as the patients drop out from the follow -up after a relapse of colitis,; thus, measurements at the timepoint of the relapse are included. FecalFecal calprotectin values below 50µg/g50 µg/g and C-reactive protein values below 10mg/l10 mg/l were coded as null.


	
	N
FMT
	FMT,
Mean (SD)
	N
placebo
	placebo,
Mean (SD)
	P valueP-value

	Hemoglobin at baseline (g/l)
	24
	142.0 (12.3)
	23
	141.3 (8.8)
	0.836

	Hemoglobin at 4 months (g/l)
	18
	144.0 (11.9)
	16
	144.3 (11.7)
	0.951

	Hemoglobin at 8 months (g/l)
	15
	143.2 (10.1)
	13
	146.1 (9.5)
	0.447

	Hemoglobin at 12 months (g/l)
	13
	148.0 (9.7)
	9
	146.3 (13.8)
	0.743

	Leukocytes at baseline (10E9/l)
	24
	5.5 (1.6)
	23
	6.0 (1.5)
	0.238

	Leukocytes at 4 months (10E9/l)
	18
	6.7 (2.0)
	16
	6.0 (1.7)
	0.280

	Leukocytes at 8 months (10E9/l)
	15
	6.2 (1.9)
	13
	6.0 (1.5)
	0.732

	Leukocytes at 12 months (10E9/l)
	13
	6.0 (2.4)
	10
	7.0 (2.3)
	0.323

	Trombocytes at baseline (10E9/l)
	24
	258.3 (53.4)
	23
	270.2 (58.2)
	0.469

	Trombocytes at 4 months (10E9/l)
	18
	266.2 (56.2)
	16
	240.6 (79.3)
	0.280

	Trombocytes at 8 months (10E9/l)
	15
	248.8 (44.1)
	13
	261.4 (66.4)
	0.555

	Trombocytes at 12 months (10E9/l)
	13
	242.2 (52.8)
	10
	264.6 (76.9)
	0.415

	Creatinine at baseline (µmol/l)
	24
	73.6 (14.4)
	24
	70.9 (14.2)
	0.516

	Creatinine at 4 months (µmol/l)
	18
	77.1 (13.2)
	16
	75.0 (19.0)
	0.706

	Creatinine at 8 months (µmol/l)
	15
	79.3 (16.1)
	13
	75.2 (14.3)
	0.477

	Creatinine at 12 months (µmol/l)
	13
	81.4 (10.5)
	10
	80.7 (18.9)
	0.913

	Alanine transaminase at baseline (U/l)
	24
	40.4 (52.8)
	24
	28.5 (28.0)
	0.334

	Alanine transaminase at 4 months (U/l)
	18
	42.6 (71.5)
	16
	27.0 (11.1)
	0.395

	Alanine transaminase at 8 months (U/l)
	15
	49.4 (85.7)
	13
	27.5 (14.5)
	0.371

	Alanine transaminase at 12 months (U/l)
	13
	32.6 (21.6)
	10
	24.2 (7.6)
	0.255

	Alkaline phosphatase at baseline (U/l)
	24
	63.7 (15.1)
	24
	60.1 (17.6)
	0.453

	Alkaline phosphatase at 4 months (U/l)
	18
	66.8 (14.8)
	16
	66.2 (17.3)
	0.907

	Alkaline phosphatase at 8 months (U/l)
	15
	66.8 (13.0)
	13
	63.9 (14.5)
	0.584

	Alkaline phosphatase at 12 months (U/l)
	13
	68.2 (12.3)
	10
	64.6 (16.7)
	0.554

	C-reactive protein at baseline (mg/l)
	24
	1.5 (4.1)
	24
	2.8 (4.7)
	0.317

	C-reactive protein at 4 months (mg/l)
	18
	2.2 (7.3)
	16
	1.6 (3.8)
	0.772

	C-reactive protein at 8 months (mg/l)
	15
	2.1 (6.7)
	13
	3.5 (8.3)
	0.627

	C-reactive protein at 12 months (mg/l)
	13
	2.5 (6.8)
	10
	0.4 (1.3)
	0.415

	Fecal calprotectin at baseline (µg/g)
	24
	66.0 (108.6)
	24
	115.8 (184.7)
	0.261

	Fecal calprotectin at 2 months (µg/g)
	23
	149.0 (325.7)
	22
	74.0 (125.8)
	0.318

	Fecal calprotectin at 4 months (µg/g)
	18
	29.1 (51.0)
	16
	46.1 (86.4)
	0.483

	Fecal calprotectin at 6 months (µg/g)
	16
	70.4 (111.3)
	14
	49.8 (85.0)
	0.578

	Fecal calprotectin at 8 months (µg/g)
	15
	375.4 (1295.5)
	13
	32.0 (60.8)
	0.350

	Fecal calprotectin at 10 months (µg/g)
	13
	23.7 (39.6)
	12
	81.8 (136.3)
	0.154

	Fecal calprotectin at 12 months (µg/g)
	13
	52.1 (123.9)
	10
	98.2 (210.3)
	0.517
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