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Fecal microbiota transplantation: can it circumvent resistance
to PD-1 blockade in melanoma?
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In two recent articles, Baruch et al.1 and Davar et al.2 bring up the
first proof-of-concept that fecal microbiota transplantation (FMT)
transfer clinical benefit in metastatic melanoma patients primarily
resistant to immune checkpoint blockade (ICB). FMT shifted the
microbiota of recipients toward a donor-type taxonomic composi-
tion associated with immune activation, anti-inflammatory tonus,
and changes in the host metabolism.
The intestinal microbiota regulates many seminal functions of

our meta-organism and accumulating evidence pointed to
cause–effect relationships between a reduced diversity of the
bowel commensalism or a deviated taxonomic composition of the
microbiota and pathophysiological failures such as type 2 diabetes
and inflammatory bowel disease (IBD). FMT is the most direct
therapeutic intervention to eliminate a pathogen and/or transiently
change the gut composition, as shown by the clinical effectiveness
against recurrent Clostridium difficile infection3 and IBD4.
There is a growing interest in manipulating the intestinal

microbiota composition in the field of immuno-oncology since
20185, when antibiotics (ATBs) were found associated with
primary resistance to ICB. Moreover, FMT from non-responding
(NR) cancer patients into tumor-bearing mice conferred the
resistance phenotype to the recipient, whereas oral gavage of a
responding (R) stool could restore responsiveness to PD-1
blockade5. These experiments supported the rationale to treat
cancer patients who failed a first- or second-line immunotherapy
with FMT derived from an R patient (Fig. 1).
Baruch et al.1 in Israel and Davar et al.2 in the United States

conducted pioneering phase I trials, to evaluate the feasibility,
safety, and efficacy of an FMT derived from R patients to reset the
tumor microenvironment (TME) of 10 and 16 melanoma patients
resistant (NR) to anti-PD-1 therapy respectively.
In the first study1, patients were treated with vancomycin and

neomycin to deplete their own native microbiota before they
were administered a lyophilized solution of fecal material from a
donor into their gut via colonoscopy and via oral capsules. FMT
was followed by the reintroduction of anti-PD-1 in combination
with FMT every 14 days for a total of 90 days. Donations of fecal
material originated from two R melanoma patients (donor 1 and
donor 2) who achieved a durable (>1 year) complete response
(CR). Although three of the five patients who received transplant
from donor 1 exhibited objective responses including one CR,
none of the five patients with transplants from donor 2
responded. In addition, the three responders crossed the
progression-free survival landmark of 6 months. Only one

recipient had a mild temporary bloating considered as an FMT-
related adverse event. Donor 1 fecal specimen contained a high
number of health-related bacteria (Lachnospiraceae and Eubac-
teriaceae family members, and bacteria of the Bifidobacteriales
and Coriobacteriales order). Post treatment, all patients had
changes in their gut microbiota and patients who received the
more successful donor sample had greater relative abundance of
Ruminococcus spp. (R. gnavus and R. callidus) and Bifidobacterium
adolescentis, which are considered potentially favorable for
immunotherapy, whereas those who received the donor 2 sample
had overrepresentation of Clostridiaceae family members, asso-
ciated with resistance to ICB in ATB-treated individuals. When
comparing R and NR within donor 1 FMT recipients, the authors
observed a higher relative abundance of Enterococcus spp.
(previously described as immunogenic) and Streptococcus austra-
lis, and a lower representation of Veillonella atypica (reported as
pro-TH17 and associated with dismal prognosis lung cancers) in R.
These gut compositional shifts were associated with reprogram-
ming of the TME with four patients from the same donor 1
exhibiting an upregulation of IFNγ-mediated signaling pathway
and effector T functions.
In the second study2, 16 patients received a single FMT

delivered by colonoscopy harvested from 7 different donors in
complete or partial remission. A clinical benefit was conferred in
six patients (three partial response (PR) and three stable disease
(SD) > 12 months). Shot gun metagenomics profiling further
revealed that the R recipient microbiota exhibited a significant
shift toward the donor composition compared to the NR, which
coincided with increased IgG responses against donor microbes.
Successful FMT were enriched in Ruminococcaceae, Bifidobacter-
iaceae, and Lachnospiraceae, at the expense of Tannerellaceae,
Sutterellaceae, and Bacteroidaceae. R displayed a higher frequency
of blood CD8+CD56+ and activated mucosal-associated invariant
T cells, both subsets overexpressing killer molecules coinciding
with the upregulation of MHC class II molecules in tumor-
infiltrating lymphocytes and decreased inflammatory markers in
the plasma. Significant metabolic changes characterized R
patients post FMT. Altogether, these studies confirmed that
allogeneic FMT can shift the microbiome of a cancer recipient
upon successful engraftment and reprogram the immune and
inflammatory tonus of the host, resulting in a clinical benefit to
ICB. Overall, the favorable safety profile and early signs of efficacy
support further investigations on the use of FMT from R patients
to restore the effects of immunotherapy in NR patients.
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However, a number of questions are still unsolved. First, the
mechanisms of action of FMT in immuno-oncology remain an open
corundum. Chronic carcinogenesis and related medications may be
associated with epithelial barrier dysfunction, creating or maintain-
ing a gut dysbiosis. FMT would then be capable of restoring—at
least transiently—a healthy microbiome defined by a broad
diversity of commensals contributing to tissue repair, fitness of
the intestinal epithelium, and maturation of the mucosal immune
system. How the histological type of malignancy matters to affect
the microbiota composition remains unclear. Hence, the extent to
which this pioneering clinical success obtained in melanoma will be
generalized to other tumor types has to be addressed in future
studies. Alternatively, FMT could transfer distinct commensals
endowed with immunostimulatory functions5, reinstating antitumor
immune responses during concomitant immunotherapy. Likewise,
the immuno-oncomicrobiome field needs novel diagnosis tools
capable of accurately mapping the microbiota repertoire, to
anticipate resistance to PD-1 blockade, to administer a compensa-
tory microbiota-centered therapeutic intervention (MCI) and,
reciprocally, FMT-suitable donors. Second, FMT may benefit from
host conditioning (by narrow spectrum ATB or osmotic medica-
tions) or specific diet and prebiotics facilitating colonization of a
diverse array of commensals. Third, one can surmise that successful
anticancer therapies may also participate in restoring a healthier
microbiota. We anticipate that the field of FMT will be soon
rekindled by dysbiosis diagnosis kits, optimal delivery systems for
prolonged bioactivity, appropriate pharmaco-kinetics, and
dynamics tools, to improve outcomes with MCI in cancer patients.

REFERENCES
1. Baruch, E. N. et al. Fecal microbiota transplant promotes response in

immunotherapy-refractory melanoma patients. Science https://doi.org/10.1126/
science.abb5920 (2020).

2. Davar, D. et al. Fecal microbiota transplant overcomes resistance to anti–PD-1
therapy in melanoma patients. Science 371, 595–602 (2021).

3. van Nood, E. et al. Duodenal infusion of donor feces for recurrent Clostridium
difficile. N. Engl. J. Med. 368, 407–415 (2013).

4. Paramsothy, S. et al. Multidonor intensive faecal microbiota transplantation for
active ulcerative colitis: a randomised placebo-controlled trial. Lancet Lond. Engl.
389, 1218–1228 (2017).

5. Routy, B. et al. Gut microbiome influences efficacy of PD-1-based immunotherapy
against epithelial tumors. Science 359, 91–97 (2018).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

Fig. 1 First proof-of-concept of the curative potential of FMT combined to reintroduction of anti-PD-1 Ab in cancer patients resistant to
immunotherapy in two independent study. Nine different donors diagnosed with metastatic melanoma in partial or complete remission
donated their stools for FMT (via oral or colonoscopic delivery) into 26 metastatic melanoma patients refractory to PD-1 blockade. The fecal
product of distinct donors successfully engrafted in recipients who benefited the FMT and reprogrammed the local mucosae, reinstated
tumor immunosurveillance, and induced changes in the metabolic, immune, and inflammatory tonus in nine patients who experienced long-
term responses to this combinatorial regimen. Abbreviations: BA: biliary acids; CTL: cytotoxic T lymphocyte; FMT: fecal microbial
transplantation; Gzm: granzymes; IFNγ: interferon gamma; MAIT: mucosal-associated invariant T cells; MHC: major histocompatibility complex;
NKR: killer activating receptors; Pfr: perforin; TME: tumor microenvironment
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