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Abstract
Background: Acute graft-versus-host disease (GvHD) is a
major and sometimes lethal complication following al-
logeneic stem cell transplantation (aSCT). In the last
10 years, a massive loss of microbiota diversity with
suppression of commensal bacteria and their protective
metabolites has been identified as a major risk factor
of GvHD. Summary: Since 2018, several studies have
been published showing some efficacy of fecal micro-
biota transfer (FMT) in aSCT patients. FMT was used (1) to
eliminate antibiotic resistant bacteria, (2) to restore
microbiota diversity after hematopoietic recovery, or (3)
in most cases to treat steroid-resistant GvHD. Overall
response rates between 30 and 50% have been reported,
but randomized trials are still pending. Newer ap-
proaches try to evaluate the role of prophylactic FMT in
order to prevent GvHD and other complications. Al-
though aSCT patients are heavily immunosuppressed, no
major safety concerns regarding FMT have been re-
ported so far. Key Message: FMT is a promising approach
for modulation of GvHD after aSCT and should be further
explored in randomized trials. © 2024 S. Karger AG, Basel

Introduction

Allogeneic stem cell transplantation (aSCT) is a sig-
nificant treatment modality in hematological malignancies
that cannot be controlled or cured by classical chemo-
therapy, antibodies, or small molecule inhibitors such as
acute leukemias and myelodysplastic syndromes. The
significant chance of cure in aSCT is counteracted by the
high risk of immunological complications resulting in
substantial long-term morbidity and a treatment related
mortality of 10–30% depending on the stage of disease at
the time of aSCT. Acute graft-versus-host disease (aGvHD)
is the primary cause of these complications. It is induced by
immunological attack of donor cells against recipient target
tissues such as the skin, the gastrointestinal (GI) tract, or
the liver. Until now, the major challenge in prophylaxis and
treatment is to suppress deleterious immune reactions
while maintaining the beneficial graft-versus-leukemia
effects [1, 2]. aGvHD of the lower GI tract presenting
with severe enteritis with diarrhea, abdominal pain or even
bleeding is themost deleteriousmanifestation and results in
a treatment-related mortality of 60–80% if more severe.

From a pathophysiological aspect, exposure and inter-
action with microbiota may explain the high susceptibility of
the GI tract and skin for GvHD. In the early 70s, the cos-
timulation of alloreaction by bacteria was in the focus, as
experimental studies showed almost absence of GvHD in
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germfree animals [3]. These results prompted clinical
translation to strict decontamination and prophylaxis against
infection, especially in the early period of neutropenia before
engraftment of donor hematopoiesis [4]. With the break-
through inmicrobiota ribosomal sequencing, it soon became
apparent, that these procedures result in severe dysbiosis
which enhances the risk of aGvHD and results in inferior
outcome. This was first described in early single-center re-
ports [5, 6] but later on confirmed by multicenter studies [7,
8]: In these studies, the massive exposure to antibiotics in the
early posttransplant period overcomes potential nutritional
and ethnical differences between centers and explains the
uniform occurrence of dysbiosis in aSCT patients worldwide.

Fecal Microbiota Transfer in Allogeneic SCT

As in other diseases associated with dysbiosis, such as
inflammatory bowel disease, the logical next step was the
hypothesis that preventing or correcting in dysbiosis
might help reduce and fight against severe GvHD, es-
pecially in patients with GI GvHD. Antibiotic steward-
ship on the one side and fecal microbiota transfer (FMT)
from healthy donors on the other side were the most
feasible and direct approaches [9], but further options
such as pre- and postbiotics are also currently evaluated. 3
major applications of FMT in SCT patients are currently
investigated and will be discussed here.

FMT to Correct Colonization with Antibiotic and
Multidrug Resistant Bacteria and GI-Related
Infections
FMT was first introduced to treat recurrent Clostridium

difficile infections (CDI) in non-hematology patients.
Thereafter, first reports on FMT to treat immunocompro-
mised and SCT patients with CDI suggested that CDI can be
successfully eliminated also in this vulnerable patients group
without an excess risk of complications. In 2016,Webb et al.
[10] reported a 6/7 cure rate in patients with CDI after SCT
and recovery from neutropenia. In 2017, Bilinski et al. [11]
reported 20 hematological patients including 6 patients after
allogeneic SCT who received FMT to eliminate antibiotic
resistant bacteria (mainly different β-lactamase resistant
strains and VRE) with a response rate in 75% of these
patients. In Battipaglia et al.’s [12] report decolonization of
carbapenem – resistant bacteria and VRE was achieved in 7/
10 patients (including 6 SCT patients) without major side
effects. Several further reports confirmed these results [13,
14] making FMT an interesting and in CDI, widely used
approach as opposed to repeated antibiotic treatments.
Interestingly, in a trial on prophylactic autologous FMT in
acute leukemia patients aiming to restore loss of diversity
after chemotherapy and treatment of neutropenic infections
the rapid increase ofABR genes during neutropenia could be
corrected by FMT in the majority of patients [15].

Prevention and Treatment of Dysbiosis following
aSCT
In 2018, Taur et al. [16] used autologous fecal material

collected prior to transplantation to restore microbiota
after engraftment in patients with reduced copy numbers
in Bacteroidetes PCR after engraftment: 15 patients
received autologous FMT and were compared against 11
patients in the control arm. The beneficial effect of FMT
was highly significant also after correction for dietary
impact and application of growth factors, both in
16 s rRNA and metagenomic analysis. However, a limi-
tation of this approach is the lack of suitable autologous
FMT products in a large number of patients due to pre-
existing microbiota damage by antibiotic exposure during
previous antileukemic treatment episodes.

DeFilipp et al. [17] applied in a single arm study 3rd
party donor FMT capsules in patients recovering from
neutropenia following aSCT. FMT could be performed in
13/18 planned (5 patients had to be excluded due to early
GI GvHD or other GI toxicity) patients as indicated: In
these 13 patients, they observed restoration of diversity
associated with expansion of donor microbiota. Overall,
only 2 patients developed subsequently GI GvHD, and
treatment-related mortality was as low as 8% in the
cohort with almost no severe toxicity.

The first randomized study on FMT in HSCT patients
used oral encapsulated FMT to restoremicrobiota diversity
after recovery from neutropenia andwas presented in 2023
[18]. Although the overall infection frequencies in the first
4 month after FMT was not significantly reduced with a
ratio of 0.83 (FMT vs. control), FMT improved recovery of
dysbiosis and reduced the abundance of expanded path-
obionts like Enterococci and others. In a subanalysis of this
trial, authors report lower preFMT diversity in patients
with more severe aGvHD suggesting potential benefits of
FMT in these patients [19].

Treatment of GvHD
Based on the clear association of dysbiosis and acute

GvHD, treatment of steroid refractory aGvHD was in the
focus of the earliest pilot studies reported since 2018: Ka-
kihana et al. (2016 [20]) and Spindelboeck et al. (2017 [21])
treated 4 and 3 patients, respectively, with steroid-resistant
or dependent GI-GvHD with related or unrelated donor
FMT by endoscopic application or via nasoduodenal tube:
Most of these patients required repeated applications of
FMT before improvement, and none of themdeveloped any
infectious complications in spite of far advanced and severe
aGvHD. Both groups reported an increase in the T reg/CD8
ratio in blood and GI biopsies of patients who responded to
FMT [20, 22]. Following these pilots, multiple small reports
(see Table 1) as well as more extensive studies confirmed
response in about half of the patients. In van Lier’s study,
10/15 patients responded and showed improved survival
after 24months [23]. Goeser et al. [24] published 11 patients
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with SR GvHD treated with various modes of FMT; they
showed significant improvement of stool volume and se-
verity of GvHD in some patients but pointed to the need of
prospective trials. Some groups [25] included control
groups with data suggesting superiority of FMT. By far the
largest group of FMT-treated refractory aGvHD was in-
cluded in the prospective Heracles trial published byMalard
et al. in 2023 [26]. Patients were treated with MAAT013, a
highly diverse multidonor FMT product manufactured by
Maat Pharma. In the 24 patients included in the trial, the
overall GI response rate was 38%, and in further 52 patients
treated in a French early access program, ORR was even
58% with a 12 months survival of about 1/3 of FMT treated
patients. As a caveat, in 5 of the treated patients, severe
infectious complications could not be excluded to be related
to the study intervention, but in none of these infections
bacteria derived from the donor product could be detected.

Pitfalls of the Currently Published Trials
Amajor concern in severely immunosuppressed patients

like SCT patients is the extreme susceptibility to bacterial
infections, especially if the GI tract is damaged by condi-
tioning associated mucositis or GvHD itself and therefore
highly vulnerable for bacterial translocation; simultaneous
presence of severe neutropenia like it occurs early after
transplantation potentiates the risk of bacteremia and
sepsis. For this reason, all reported applications of FMT in
SCT patients were therefore administered once the patients
had recovered from neutropenia. In these patients, FMT

was in general safe, but the occurrence of clear transmission
of multidrug resistant bacteria by a FMT donor to a single
HSCT recipient has been reported [33]. This patient re-
ceived FMT capsules for prevention of GvHD and bac-
teremia occurred during the neutropenic period high-
lighting the extreme vulnerability in this phase early
after SCT.

The pre- and early posttransplant period in SCT pa-
tients sees the frequent application of prophylactic or
therapeutic antibiotics; indeed, antibiotics are frequently
continued or given in the early postengraftment period
when aGvHD occurs. Thus in almost all trials FMT had to
be applied in antibiotics exposed patients, and several
reports stressed the inferior response to FMT in these
patients. Several strategies have been used to overcome
this hurdle like short term (12 h) interruption of systemic
antibiotics during application of FMT, postponement of
FMT until antibiotics have been stopped and most fre-
quently repeated administration of FMT beyond the
cessation of antibiotics. Thus standardization of condi-
tions for FMT in these patients remains tricky and
therefore, comparisons between different reports are
limited. So far, antibiotic stewardship should be strictly
applied, e.g., avoiding antibiotics in patients with a high
likelihood of cytokine release syndrome [34], but this may
be feasible only in a minority of patients. Inactivation of
antibiotics selectively in the GI tract may be an alternative
approach but has not been applied in the setting of aSCT
to date [35].

Table 1. Summary of published reports on FMT in allogeneic SCT

Author Type of FMT Time point n treated n control Results

Kakihana 2016 [20] Allog SR/SD GvHD 4 – 3 CR/1 PR
Spindelboeck 2017 [21] Allog SR GvHD 3 – 2 CR/1 PR
Bilinski 2017 [11] Allog ABR colonized 20 – Decolonization in 75%, ABX: less response
Taur 2018 [16] Autolog after engraftment 14 11 Restoration of diversity
Kaito 2018 [27] Allog SR GvHD 1 – Less diarrhea
DeFilipp 2018 [17] Allog after engraftment 13 – Restoration of diversity, low TRM of 8%
Battipaglia 2019 [12] Allog ABR colonized 10 – Decolonization in 7/10
Goloshchapov 2020 [28] Allog SR GvHD 19 8 OR in FMTd30 n=8, D90 n=16, only in 1 control
Mao 2020 [29] Allog SR GvHD 1 – Response
Biernat 2020 [30] Allog SR GvHD 2 – CR in 1 patient
Van Lier 2020 [23] Allog SR/SD GvHD 15 – CCR in 10/15
Zhao 2021 [31] Allog SR/SD GvHD 23 18 Survival better in FMT group (p = 0.02)
Su 2021 [14] Allog ABR colonized 1 Decolonization
Spindelboeck 2021 [22] Allog SR GvHD 9 – OR in 4/9, ABX prevented response
Goeser 2021 [24] Allog SR GvHD 11 Reduction of diarrhea
Innes 2021 [13] Allog ABR colonized 10 Decolonization in 25%, improved outcome
Liu 2022 [32] Allog + Ruxo SR GvHD 21 – Response in 71%, CCR in 10/21
Zheng 2023 [25] Allog SR/SD GvHD 19 10 CR in 10/19 versus 2/10
Rashidi 2023 [18] Allog after engraftment 50 24 No significant reduction of infections
Malard 2023 [26] Allog SR GVHD 24/52 – ORR 38%/58%

Allog, FMT from allogeneic donors; SR/SD GvHD, steroid-resistant/dependent GvHD; ABR colonized, patients colonized with
bacteria bearing antibiotic-resistance genes; CR, complete response; CCR, continuous CR; PR, partial response; ABX, antibiotics; TRM,
treatment-related mortality.
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Given the fact that treatment of steroid resistant GvHD
with FMT may be ineffective in already irreversible
damage, actual approaches are designed to prevent mi-
crobiota damage. This approach is based on more recent
studies indicating that pretransplant loss of diversity is
already a risk factor for poor posttransplant outcome [8,
36]. Several ongoing trials (including the Phoebus Phase
IIb trial by Maat Pharma) will see application of FMT
prior to conditioning and occurrence of neutropenia,
interrupt treatment in the critical neutropenic period, and
restart long-term prevention after engraftment. Alter-
natively, FMT should be applied earlier in the course of
GvHD based on biomarkers capable of identifying pa-
tients at higher risk of poor outcome.

Another area of improvement is the need for pro-
spective randomized trials. Several randomized trials are
now underway but will not be completed before 2026 or
beyond.

Discussion and Future Directions

Although these many reports strongly support the
development of FMT in the setting of aSCT, it is unlikely
that FMT alone will cure GvHD based on our current
understanding of its pathophysiology. Alloreactive donor
T lymphocytes are the primary cause of GvHD, whereas
microbiota shape the threshold for T-cell activation and
affect tissue tolerance and regeneration as suggested byWu
and Reddy [37]. In a recent study combining single cell
sequencing, advanced staining technologies as well as
microbiota analysis in tissue biopsies from SCT patients,
we demonstrate, that commensal bacteria and their me-
tabolites control regulatory T-cell function. In addition, we
showed that FMT contributes to a stronger interaction
between regulatory T cells and effector CD8 cells by
bringing them into closer proximity [38]. Thus, FMT can
be seen as a robust ancillary approach to dampen or
modulate T cell-mediated diseases. Whether antibacterial
T-cell responses contribute to the pathophysiology of
GvHD itself is currently under active investigation.

As in other indications of FMT, the exact mechanisms
how it modulates immune system mediated diseases is
still poorly understood. Currently, restoration of bene-

ficial metabolites such as SCFAs and indoles is the best
explanation, as also shown in a recent paper by our group
[39]. If this holds, consortia selected on optimized me-
tabolite production or even metabolite cocktails might be
safer approaches in SCT patients in the future.

Finally, the resolution of microbiota and their host
interaction at a deeper level must be pursued. Species
specific beneficial as well as detrimental effects on host
tissues need to be considered as well as the impact of
transkingdom interactions, especially with regard to
bacteriophages. This is highlighted by several recent
studies. While enterococci are in general considered to
worsen outcome of SCT patient, Rashidi et al. [40] re-
ported protection by E. casseliflavus and linked this to
specific production of tryptophan metabolites. Likewise,
our study’s association of bacteriophages with protective
signatures revealed auxiliary metabolic genes [39] as a
potential modulator of bacterial metabolism, indicating
cross-kingdom interaction. In immunotherapy, certain
enterococcal-specific phages induce expression of im-
munogenic peptides cross reactive with tumor antigens
thus enhancing specific T-cell responses [41], and similar
effects might be seen in the setting of allogeneic SCT and
graft-versus-leukemia effects in the future.
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