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Abstract — Fecal microbiota transplantation has gained growing scientific attention in numerous research
areas, thanks to the increasing evidence supporting its effectiveness. In this review, we summarize the most
relevant updates in the field of FMT published in the last year, covering various clinical areas, including
Clostridioides difficile infection, inflammatory bowel disease, irritable bowel syndrome, diabetes, metabolic
syndrome, and liver disease.
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INTRODUCTION

Fecal Microbiota Transplantation (FMT) is a rapidly expanding field of research, with numerous
therapeutic applications supported by mounting evidence. In this literature review, we have sum-
marized the most important advancements in this area over the past year.

GASTROINTESTINAL DISORDERS
Clostridioides Difficile Infection

Clostridioides difficile infection is an important cause of morbidity and mortality, and fecal
microbiota transplantation (FMT) is an effective treatment employed in recurrent or refractory
CDI. FMT can be delivered through different preparations, such as fresh, frozen, and lyo-
philized, but the current evidence concerning the efficacy of the different types of FMT in CDl is
conflicting’. A meta-analysis by Gangwani et al?, involving 8 studies and 616 patients indicated
that there were not significant differences in frozen versus lyophilized FMT groups, but there
was a trend towards an increased efficacy of fresh FMT. Although on network meta-analysis
frozen and lyophilized preparations appeared to have a reduced relative efficacy compared
to fresh preparations, this data is outbalanced by the practicality, accessibility, and safety of
lyophilized and frozen preparations.

Despite the progress in this field, the risk of recurrence after a single FMT in recurrent/refrac-
tory CDl is between 10% to 20%°. A meta-analysis by Beran et al* evaluated the potential predic-
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tors of FMT failure. The authors included 20 studies involving 4327 patients who underwent FMT
for recurrent/refractory CDI, and FMT failed in 16.3% of patients (n = 705). The risk factors that
have been highlighted as significant predictors of FMT failure were poor quality of bowel prepa-
ration, inpatient status, prior CDI-related hospitalizations, peri-FMT use of non-CDI antibiotics,
inflammatory bowel disease, advanced age, and severe CDI.

There is solid evidence regarding the efficacy of FMT in recurrent/refractory CDI, but few data
are available concerning the early use of FMT, during the first or second episode of CDI. A ran-
domized, double-blind, placebo-controlled trial by Baunwall et al® compared FMT with placebo,
in patients with first or second CDI, after a treatment of 10 days with vancomycin. The primary
outcome was the resolution of diarrhea associated with C. difficile infection, eight weeks after
the treatment. 42 patients were enrolled, 21 patients received FMT, and 21 were assigned to the
placebo group. After an interim analysis, the trial was stopped for ethical reasons, as the resolu-
tion rate of the CDI-associated diarrhea was significantly lower in the placebo group compared
to the FMT group. The primary outcome was reached in 19 out of 21 patients (90%) in the FMT
group, and in 7 of 21 patients (33%) in the placebo group, with an absolute risk reduction of 57%.

Patients affected by inflammatory bowel disease (IBD), have an increased risk of developing
CDlI, and their management is complex due to the concomitant IBD activity. In a recent sin-
gle-centre study by Porcari et al®, FMT was highly effective and safe in eradicating CDI among
patients with ulcerative colitis (UC), and repeated FMT was significantly associated with cure
rates, supporting the use of sequential FMT in this setting. A multicentre cohort study by van Lin-
gen et al’, enrolled 113 patients with IBD who received FMT for recurrent CDI. Recurrent CDI was
associated with an IBD relapse in 54% of patients, of whom 63% were treated with IBD therapies
before receiving FMT. All the patients received treatment with vancomycin prior to FMT, and the
cure rate of CDI was 71%. Over a follow-up period of up to 2 years, 39% of patients required
hospitalization, 27% had infections, 10% died and 5% underwent colectomy. A meta-analysis®
evaluated the efficacy and safety of FMT for the treatment of rCDI in patients with IBD, including
15 studies and 777 patients. The cure rate of rCDI was 81% after a single FMT, including all the
studies, but improved up to 92% for overall FMT, considering 9 studies with 354 patients, show-
ing a significant advantage. 12% of patients experienced serious adverse events, such as IBD
flare, IBD-related surgery or hospitalization.

The risk of developing recurrent CDI is particularly high in immunocompromised patients,
such as those undergoing cancer treatments. A single-center, prospective observational study
by Mendelsohn et al® enrolled 10 patients with rCDI who were treated with chemotherapy within
the previous 6 months for a solid tumor malignancy. Three patients received FMT via colonos-
copy, and seven via upper endoscopy. After the first FMT, 80% of patients (n=8) were cured,
without other infectious complications. Notably, after an average of 32.5 days after FMT, all the
eight patients cured restarted the oncologic treatment.

Live biotherapeutic products, considering their safety, accessibility and practicality, could po-
tentially become promising alternatives to FMT for CDI treatment. A recent randomized, dou-
ble-blind, placebo-controlled, phase Il study, with a Bayesian primary analysis integrating data
from a previous phase lIb study, investigated the effect of RBX2660 (a live biotherapeutic product
prepared from human stool) in CDI'®. 267 adult patients with a positive stool assay for C. diffi-
cile who had one or more CDI recurrences and were previously treated with antibiotic therapy
received blinded treatment with a single-dose enema of RBX2660 (n = 180) or placebo (n = 87).
Treatment success, defined as the absence of CDl-associated diarrhea within 8 weeks, was
the primary endpoint. The success rate was 70.6% with RBX2660 vs. 57.5% with placebo, and
the treatment was well tolerated with mainly mild-to-moderate adverse events. Another phase
lll, open-label, single-arm trial evaluated the safety and the rate of recurrent CDI after admin-
istration of SER-109, an oral microbiome therapeutic composed of purified Firmicutes spores'.
The patients received 4 daily capsules of SER-109 for 3 days following symptom resolution after
antibiotic therapy. 263 adult patients were enrolled in 2 cohorts: cohort 1 (23 patients) included
rollover patients from a previous trial who had a recurrence of CDI within 8 weeks after receiving
SER-109 or placebo, while cohort 2 (234 patients) enrolled new patients with at least 1 CDI re-
currence. At week 8, 8.7% of patients (n = 23) had recurrent CDI, 13.8% in cohort 1 and 8.1% in
cohort 2. At 24 weeks, 13.7% of patients had recurrent CDI. The adverse events were mostly mild
to moderate. There were 33 serious adverse events and 8 deaths, but none has been considered
treatment-related.
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Inflammatory Bowel Disease

Inflammatory bowel disease is known to be associated with alterations of gut microbiota, and
FMT is emerging as an adjunctive therapeutic possibility, in particular in ulcerative colitis. A me-
ta-analysis by Huang et al'?, assessed the safety and efficacy of FMT in ulcerative colitis (UC),
including 16 studies. The authors observed that FMT was more successful in achieving total re-
mission, clinical remission, and steroid-free remission compared to placebo, without differences
in the incidence of serious adverse events. Glucocorticoids play an important role in inducing
remission in UC but have various side effects. A single-center, prospective cohort study directly
compared FMT against glucocorticoids in patients with active mild to moderate UC. 62 patients
received FMT, and 60 were treated with glucocorticoids. The primary outcome, defined as clin-
ical and endoscopic remission at week 12, was reached by 54.8% of patients in the FMT group
and by 48.3% in the glucocorticoids group, demonstrating that FMT is as effective as glucocorti-
coids, but is associated with a reduced number of adverse events'.

Increasing evidence indicates that gut fungal dysbiosis is associated with UC, and a clinical
trial assessed the association between the gut fungal community and the outcomes of FMT™. In
fecal samples obtained from patients who achieved remission after FMT, the authors observed
a decreased fungal diversity, along with an enrichment of Pyricularia grisea, Kazachstania na-
ganishii, Schizosaccharomyces pombe, Lachancea thermotolerans, and a decreased level of
Debaryomyces hansenii and Candida.

Diet is an important factor in the modulation of the gut microbiome, and the integration of
specific dietary approaches with FMT could increase its efficacy. A randomized controlled trial
by Kedia et al'® included 66 patients with mild-moderate UC, who received seven weekly infu-
sions of FMT combined with an anti-inflammatory diet, or alternatively an optimized standard
medical therapy. The study showed that FMT with the anti-inflammatory diet was superior to
the optimized standard medical therapy in the induction of clinical remission, clinical response,
and deep remission at 8 weeks. Moreover, the follow-up until week 48 showed that the prose-
cution of the anti-inflammatory diet was superior to the standard medical therapy in maintaining
deep remission. Another randomized controlled trial'® evaluated the impact of a novel diet (UC
exclusion diet) in addition to FMT, compared with FMT alone or UC exclusion diet alone, in 62
patients with refractory UC. Steroid-free clinical remission at week 8 was higher in the group of
patients who received only the UC exclusion diet, compared with the groups who received FMT
with or without diet, and the study was stopped for futility by the monitoring board. Although FMT
in Crohn’s disease is less explored compared to UC, some encouraging results are emerging.
A meta-analysis by Zhou et al'” included one randomized controlled trial and 11 cohort studies,
involving 228 patients, and found that 57% of patients with active CD achieved clinical remission
after FMT. Adverse events were mostly mild and self-limiting.

Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is one of the most common disorders of gut-brain interaction,
and although various studies have tested FMT in the management of IBS, the results are still
controversial. A recent meta-analysis of randomized controlled trials'®, including nineteen arti-
cles from nine randomized controlled trials, found that in patients who received FMT, the IBS-
SSS score decreased significantly at 1 month, 3 months, 6 months, 24 months, and 36 months,
improving also the IBS-quality of life score and without increasing the serious adverse events.
The effectiveness of FMT in IBS could vary depending on many factors, and among them, the
delivery modality appears to be relevant. A pairwise meta-analysis and network meta-analysis
of randomized controlled trials evaluated the safety and effectiveness of different FMT delivery
modalities for IBS'™. Seven randomized controlled trials, comprising 470 patients, were included.
Four FMT delivery modalities were compared: nasojejunal tube, duodenoscope, capsules per
os, and colonoscopy. The pooled results of the pairwise meta-analysis pointed out that overall
FMT was not superior to placebo, but in the subgroup analyses FMT via nasojejunal tube and
duodenoscope appeared to be superior to placebo. The network meta-analysis showed that
among the different delivery modalities, the 60-g FMT via duodenoscope was the most effective
in IBS patients. Another factor that could influence the effectiveness of FMT in IBS is the disease
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severity at baseline, allowing a more accurate selection of the patients. A study by El-Salhy et
al?® evaluated the response to FMT between patients with severe IBS symptoms and moderate
IBS symptoms, including 164 patients who had participated to a previous randomized controlled
trial. The response rates were higher in patients with severe IBS symptoms compared to patients
with patients with moderate IBS symptoms, during all the time points of the study. Furthermore,
although FMT improved the quality of life and reduced fatigue in both groups, patients with se-
vere symptoms had a higher benefit from the treatment.

EXTRAINTESTINAL DISORDERS
Diabetes

Growing evidence confirms that gut microbiota alterations could contribute to the pathogenesis
of type 2 diabetes mellitus (T2DM), and FMT could represent a therapeutic option. A randomized,
controlled, prospective study enrolled 31 patients with newly diagnosed T2DM, who were ran-
domized to receive FMT, FMT plus metformin, or metformin alone?'. Patients in all the treatment
groups improved significantly their fasting blood glucose, postprandial blood glucose, hemoglo-
bin Alc, and HOMA-HBCI after 4 weeks, but only patients who received FMT alone or FMT plus
metformin decreased significantly the HOMA-IR (homeostatic model assessment of insulin resis-
tance) and BMI after 4 weeks. The relative abundance of Chlorobium phaeovibrioides, Bifidibac-
terium adolescentis and Synechococcus sp. WH8103 was negatively correlated with HOMA-IR.
Microbiota engraftment appears to be one of the main factors responsible for the effectiveness
of FMT, and it has been hypothesized that it could be influenced by the combination of FMT with
lifestyle modifications. A double-blind, randomized, placebo-controlled trial?? enrolled 61 obese
patients with T2DM, with the primary outcome of evaluating the proportion of patients acquiring
=20% of microbiota from lean donors at week 24. Patients were randomized into three groups:
FMT alone, FMT plus lifestyle intervention (LSI), or sham transplantation plus LSI. The propor-
tion of patients who acquired =20% of lean-associated microbiota after 24 weeks was 100% in
the FMT plus LSI group, 88.2% in the FMT alone group, and 22% in the sham plus LSI group.
Repeated FMTs increased the level and duration of microbiota engraftment. Furthermore, the
FMT plus LSI group showed a significant reduction in liver stiffness and low-density lipoprotein
cholesterol after 24 weeks compared with baseline.

Metabolic Syndrome and Obesity

A meta-analysis of randomized controlled trials by Qui et al*® included 9 studies and 303 pa-
tients, with the aim of evaluating the role of FMT in the management of obesity and metabolic
syndrome. The authors did not observe any significant difference in terms of weight loss between
the FMT group and the placebo group, but the FMT group showed a reduction in insulin levels
and fasting blood glucose, and increased levels of HDL cholesterol.

Although bariatric surgery is one of the most effective strategies in the management of severe
obesity, some patients do not succeed in having a proper weight reduction after bariatric surgery
or regain weight after an initial weight reduction. A randomized, double-blinded, placebo-con-
trolled, multicenter, clinical trial by Lahtinen et al?* observed if FMT from a lean donor could
improve the results of bariatric surgery. 41 patients were enrolled, 21 received FMT (delivered
in the duodenum) and 20 received placebo. After 6 months from FMT, the patients underwent
laparoscopic Roux-en-Y gastric bypass or laparoscopic sleeve gastrectomy. The percentage of
total weight loss after 6 months and after 18 months from the baseline was not different between
the groups, showing that FMT didn’t modify the presurgical or the postsurgical total weight loss.

Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disorder in the world,
and gut microbiota could play an important role in its pathogenesis®®. A randomized controlled tri-
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al*® evaluated the effects of FMT on patients with NAFLD. 75 patients were randomized to receive
FMT (delivered through colonoscopy and followed by 3 enemas in three days) or oral probiotics.
After FMT, the hepatic fat attenuation evaluated by FibroScan was significantly reduced, while it
was increased in the non-FMT group. Interestingly, the clinical efficacy was higher in lean NAFLD
patients compared to obese NAFLD patients.

Hepatic encephalopathy (HE) is a common complication of cirrhosis, and its pathogenesis
has been linked to gut microbiota alterations. FMT is a promising therapy, as shown by previous
studies®”. An open-label clinical trial by Bloom et al®® assessed the safety and efficacy of FMT
capsules in improving the cognitive function of patients with HE. 10 patients with a history of at
least one previous episode of overt HE were included, and received FMT via 15 oral capsules on
days 1, 2, 7, 14, and 21. Significant improvements in psychometric HE score (PHES), a validated
tool of assessment, were observed at different time points, and after four weeks from the last
dose of FMT (+3.1, p = 0.02). The abundance of Bifidobacterium adolescentis and B. angulatum
in the patient’s microbiome at baseline was positively associated with the improvement in PHES
scores. The authors reported 13 minor adverse events and 3 serious adverse events, of which
two were not related to FMT and one was a bacteremia from extended-spectrum beta-lact-
amase-producing Escherichia coli.

Severe alcoholic hepatitis (SAH) is a condition with a high mortality currently treated with cor-
ticosteroid therapy, even though the survival benefit is modest and some patients are ineligible to
the treatment?®. FMT has shown promising results in previous studies®®, and a randomized trial by
Pande et al®*' compared the efficacy and safety of FMT from naso-duodenal tube vs. prednisolone
in 112 steroid-eligible SAH patients. The primary outcome of day-90 survival was achieved by 75%
of patients in the FMT group and 56.6% of patients in the prednisolone group (p = 0.044). In addi-
tion, FMT reduced the number of deaths caused by infections compared to prednisolone therapy.

Graft-Versus-Host Disease

Graft-versus-host disease (GVHD) is one of the main causes of mortality in patients undergoing
allogeneic hematopoietic stem cell transplantation (HSCT), and various studies have shown that
FMT could be used in the management of GVHD with promising results®2. The meta-analysis by
Qiao et al* evaluated the efficacy and safety of FMT in the management of steroid-resistant or
steroid-dependent GVHD secondary to allo-HSCT and included 23 studies with a total of 242
patients. Considering cohort studies, the estimate of clinical remission odds ratio was 5.51 (95%
Cl11.49-20.35). In the prospective single-arm studies the pooled clinical remission rate was 64%,
while in the retrospective studies, case series, and case reports it was 81%. 2.1% of patients had
FMT-related infection events, and other adverse events were mild, indicating that FMT could be
considered a safe and promising therapeutic approach in GVHD.

Systemic Lupus Erythematosus

Alterations in gut microbiota are involved in the pathogenesis of systemic lupus erythematosus
(SLE), and pre-clinical lupus-like mouse models have suggested a potential therapeutic effect of
FMT?33. The efficacy and safety of FMT in patients affected by active SLE have been evaluated by
a single-arm pilot clinical trial by Huang et al®*. 20 patients received FMT through oral capsules,
once a week for 3 weeks, together with their standard treatment. After 12 weeks, the response
rate assessed with SLE Responder Index-4 (SRI-4) was 42.12%, and the Systemic Lupus Er-
ythematosus Disease Activity Index 2000 (SLEDAI-2K) score was significantly reduced. The
authors did not observe any serious adverse events.

Microbiome Engraftment after FMT
Despite the promising results of fecal microbiota transplantation in different pathologies, we still

lack a complete understanding of the microbial engraftment dynamics, which delays its further
development. A recent meta-analysis®® of metagenomic samples obtained from 24 studies inves-
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tigating FMT in various diseases observed that clinical success after FMT was associated with
higher donor strain engraftment. Increased engraftment was observed in patients with infectious
diseases treated with antibiotics, compared with patients with non-communicable diseases with-
out antibiotic preconditioning, and in patients receiving FMT from multiple routes. Furthermore,
Bacteroidetes and Actinobacteria species displayed higher engraftment compared with Firmic-
utes, aside from six under-characterized Firmicutes species.

CONCLUSIONS

In this year research in the field of FMT has confirmed the huge potential of microbiota transplan-
tation and modulation in many clinical conditions, both gastrointestinal and extraintestinal ones,
adding useful clinical data to the current knowledge. The recent advances in this area indicate that
future studies can further improve the efficacy and expand the applications of FMT, allowing it to
consolidate its role in clinical practice.
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