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The gut microbiota has co-evolved with humans 
for millions of years, creating a complex network 
of regulations and reciprocal effects.1,2 However, 
these networks have been exposed only in the 
recent decades, thanks to the ability to sequence 
bacterial genomes and to the technical revolution 
during the 2000s which turned DNA sequencing 
into an affordable and feasible lab tool.1,3,4 Today, 
the gut microbiota is known to affect not only 
local inflammatory processes in the gut5 but also 
systemic processes such as obesity and diabetes,6 
pregnancy,7 autism8 and neuro-degenerative dis-
eases.9,10 The gut microbiota also affects the 
immune system. This interaction is so significant 
that the gut microbiota is essential for the proper 
development of lymphoid organs and the adap-
tive immune system.11 However, the presence of 
microbes in our gut is not merely an immune 
“on–off switch”, as different microbes can sup-
press or promote different immune cells, dynami-
cally shaping the overall function of our immune 
system.12 Based on these findings, several groups 
have examined a potential association between 
the gut microbiota and clinical response to cancer 
immunotherapy, especially to immune check-
point inhibitors (ICIs). All groups demonstrated 
clear microbiota compositional differences 
between ICI responders and non-responders.13–17 
Since the gut microbiota can dynamically shape 
our immune system, it is intuitive to assume that 
replacing a patient’s gut microbiota into a more 
“ICI-favorable” composition will enhance overall 
ICI effectiveness. Indeed, two clinical trials 
recently demonstrated that combining fecal 
microbiota transplantation (FMT) from donors 
who responded to ICIs into recipient patients 
with metastatic ICI-resistant melanoma, coupled 

with ICI re-induction, resulted in objective clini-
cal response rates of ~30%.18,19 Patients who 
responded to the combination of FMT and ICI 
had increased intra-tumoral infiltration of CD8+ 
T-cells, T-helper type 1 cells and antigen present-
ing cells while infiltration of myeloid derived sup-
pressor cells decreased.18,19 These intra-tumoral 
immune changes are well-established as ICI-
favorable features20,21 and were consistently 
reported in in pre-clinical models of microbiota 
modulation.22 Albeit limited by small sample 
sizes, the fact that two independent cancer cent-
ers in different parts of the world with different 
patient populations (primary and acquired ICI 
failures18,20 versus only primary ICI failures19,20) 
using different ICIs (nivolumab18 versus pem-
brolizumab19) reported similar clinical and trans-
lational results in accordance with pre-clinical 
findings is highly supportive of the validity of 
these preliminary results.

The primary study aim of both FMT–ICI clinical 
trials was treatment safety. Davar et  al.,19 who 
used a single FMT via colonoscopy at the begin-
ning of the treatment protocol, reported good 
safety results – 72.9% of the immunotherapy-
related adverse events (irAEs) were mild (grade 1) 
and only three patients had severe, grade 3, irAEs 
(two fatigue, one neuropathy). Baruch et  al.,23 
who used colonoscopy at the beginning of the 
treatment protocol followed by repeated FMTs 
via stool capsules every 14 days, reported no 
grade 2 or above irAEs, even in patients who 
developed grade 3 irAEs on previous ICI treat-
ment lines.18 FMT has been reported to amelio-
rate ICI-related colitis,23 a use which is currently 
being assessed in clinical trials (NCT04038619, 
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NCT03819296). These findings suggest that the 
combination of FMT and ICI is not only a more 
effective treatment but may also have a better 
safety profile. This potential duality of a treat-
ment regimen combining available Food and 
Drug Administration (FDA)-approved com-
monly used oncological drugs and a highly avail-
able and easily re-produced organic compound 
(human feces) has sparked great hopes among 
both clinicians and cancer patients.

Despite these hopes, FMT use in cancer immuno-
therapy has several key limitations. The transfer of 
fecal content from one human to another bears sig-
nificant infectious risks which may even result in 
patient deaths.24 For this reason, FMT is not an 
FDA-approved treatment, even for recurrent 
Clostridioides difficile colitis – a clinical setting in 
which FMT has been used for decades with well-
established response rates of up to 90%.25,26 The 
COVID-19 pandemic has added more safety con-
cerns, as even asymptomatic healthy individuals 
may carry the SARS-COV-2 virus in their feces and 
infect recipient patients via FMT.27 To minimize 
FMT-associated risks, regulatory bodies and pro-
fessional guidelines recommend rigorous pre-dona-
tion safety screening for potential donors.28,29 Those 
safety restrictions require a large pre-screening 
donor pool. It is more feasible to recruit potential 
donors among the general healthy population than 
among cancer patients who responded to ICIs – a 
significantly smaller donor pool. However, in both 
FMT–ICI clinical trials18,19 the donors were meta-
static melanoma patients who achieved complete or 
partial responses to ICIs. As different microbiota 
compositions may have different immune effects, it 
is unclear whether fecal implants from the general 
healthy population can induce similar immune and 
clinical effects to that of “ICI-proven” implants. 
Assessment of the compatibility of healthy donors is 
currently in progress (NCT03772899). Another 
layer of complexity is added by evidence suggesting 
that there may be an effectiveness variability even 
among ICI-responding donors. All of the three 
responders from the Baruch et al.18 cohort received 
implants from the same donor (Donor #1). In the 
Davar et  al.19 cohort there were overall three 
responders; two of them received FMT implants for 
the same donor (PT-18-0014). In both cohorts 
there were patients who got FMT implants from 
other donors without any clinical benefit. On the 
other hand, both cohorts included patients who 
received FMT implants from Donor #1 and PT-18-
0014 but failed to respond. Currently, there is no 
consensus regarding a “good” or even a “good 

enough” microbiota composition for donors. Several 
microbiota markers have been associated with clini-
cal response, such as higher alpha diversity13,30 
(number of different bacteria per microbiota com-
munity) and the presence of specific taxa such as 
Ruminococcaceae13 and Akkermansia.15 However, 
none of these suggested markers has been thor-
oughly validated and there is still great variability 
among reports.31 It is also still unclear why some 
patients responded to the combination of FMT and 
ICI while others did not. Lack of response to FMT 
and ICI may be explained by the presence of addi-
tional ICI resistance mechanisms, such as addi-
tional immune checkpoints (TIGIT, IDO-1) or 
lack of proper antigen presentation machinery in 
tumor cells.18,20,32 Nevertheless, as both patients 
with primary ICI and acquired ICI failure responded 
to the combination of FMT and ICI, and as the pre-
treatment intra-tumoral PDL-1 expression did not 
correlate with response to treatment,18 there are 
currently no available screening tools or prognostic 
factors which may be used to stratify potential recip-
ient patients for the FMT–ICI treatment.

To overcome some of these limitations, new 
research efforts focus on two disparate goals. The 
first goal is to enhance donor selection and donor–
patient matching processes. Some of the pro-
posed matching criteria are as simple as age,33 
while others may be sequencing-based biomark-
ers.34 An efficient selection and matching process 
will probably require highly specialized groups 
and might be available only in a selected number 
of major cancer centers, similar to the current 
adoptive cell therapy technology. The second 
goal is to decipher the mechanisms behind the 
FMT-induced clinical effect. Understanding how 
microbiota modulation affects anti-cancer immu-
nity may lead to identification of druggable tar-
gets and eventually to non-organic therapeutics 
that will render safety screening and donor–recip-
ient matching phases. However, only the first 
steps in this direction have been made so far,22 
and such novel therapeutics are unlikely to be 
available in the near future.

In conclusion, microbiota modulation by FMT in 
combination with ICI re-induction has a promising 
therapeutic potential. However, it is not a magic 
bullet. Due to significant uncertainties regarding 
characteristics of both donors and recipient 
patients, we urge against the use of FMT and ICIs 
outside of clinical trials. With current technology 
and limitations, it seems that the combination of 
FMT and ICIs will remain  at this point confined to 
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large academic centers capable of mounting tight 
collaborations between oncological, gastroentero-
logical and infectious disease groups. That being 
said, the true strength of the FMT and ICI combi-
nation is in its concept – modulation of the gut 
microbiota can enhance clinical response to ICIs. 
As research in this field continues to progress, 
future scientific advances may lead to more effi-
cient and feasible methods for microbiota modula-
tions, or drugs that mimic these modulation effects, 
turning the microbiota into a powerful weapon in 
our anti-cancer arsenal.
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