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Une nouvelle ère dans le traitement du cancer



Rôles du CTLA-4 et du PD-1 (Soularue, Gut 2018)

Ipilimumab

Pembrolizumab

Nivolumab



Efficacité des inhibiteurs de checkpoint

immunitaires en cancérologie

Anti CTLA-4 Anti PD-1 Combo 

Mélanome + ++ +++

Bronchique non 

à petites cellules

+ + +

Rein + + +

Ovaire + +

Prostate + +

Maladie de 

Hodgkin

+

ORL +

Cancers MSI +

Estomac +

Carcinome 

hépato cellulaire

+
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IrAE graves des inhibiteurs de checkpoint 

immunitaires en cancérologie

Anti CTLA-4 Anti PD-1 Combo 

Cutanée ++ ++ +++

Gastrointestinale +++ + ++++

Hypophyse ++ 0/+ +++

Thyroïde + + ++

Diabète 0/+ ++ ++

Rénale + + ++

Hépatique + + ++

Pulmonaire + ++ +++

Thyroïde + + ++

Neurologique + + ++

Articulaire 0/+ +

Cardiaque + + ++



Focus sur les toxicités digestives



Fréquences des complications intestinales des anti CTLA-4 et/ou des anti PD-1

Diarrhée Colite

Anti CTLA-4 30% 8%

Anti PD-1 13% 1%

Combothérapie 13.6%

Tandon J Immunoth 2018. 
Wang DY Oncoimmunology 2017. 
Khoja Ann Oncol. 

Perforation colique chez 1% (mélanomes) à 6% (cancer du rein)

0.6 à 0.8% des patients décèdent des complications digestives des anti CTLA-4





Caractéristiques des colites anti-CTLA-4

N = 39           %

Diarrhée

Nombre médian de selles / 24h

[extrêmes]

36

10

92

[1-20]

Rectorragies 25 64

Douleur abdominale

Dont douleur sévère

32

10

82

31

Amaigrissement

% poids de forme [extrêmes] 8 [0-27]

Manifestation extra-intestinales

Pyoderma gangrenosum

Arthralgies

Total

1

4

5

3

13

20

Aphtose buccale 1 3

Atteinte ano-périnéale 4 10

Abcès intra-abdominal 4 10

Perforation colique 5 13



• 8% de colites érythémateuses

Endoscopie des colites à l’ipilimumab

• 13% de colites érosives



• 79% de colites ulcérées

Endoscopie des colites à l’ipilimumab



• 79% de colites ulcérées

Endoscopie des colites à l’ipilimumab



• 79% de colites ulcérées

Endoscopie des colites à l’ipilimumab



Evolution



New onset of diarrhea or colitis in a patient treated with ICI

Grading according to CTCAE

Differential diagnosis excluded

Grade I :

- Symptomatic management : low 

fiber diet, loperamide, 

psyllium,spasmolytic

- Maintain ICI, with close monitoring 

for aggravation of symptoms

Grade II :

- Withhold ICI

- Symptomatic management

- Oral corticosteroids 1mg/kgIf

failure

after

15 

days

If

failure

after 7 

days*

Grade III :

- Withhold ICI

- Oral Prednisolone 1mg/kg

or iv methylprednisolone 1mg/kg

Assess response at D5* 

Grade IV :

- Withhold ICI

- Methylprednisolone 1 mg/kg IV

- Assess response at D3* 

- If response to IV steroids, switch to oral 

prednisolone 1mg/kg

Corticosteroid response

Remission.

Discuss resuming ICI, 

weighing 

oncologic benefit 

against risk of GI-IrAE recurrence 

Infliximab 5mg/kg IV,

S0-S2-S6

Rapid steroid tapering

CONSIDER :

Vedolizumab, high dose infliximab, fecal 

microbiota transplantation, colectomy, 

new testing for CMV and C difficile

Diagnosis workup : 

- stool testing for enteropathogens, C. difficile, fecal

calprotectin

or fecal lactoferrin.

- Serum PCR for CMV, CBC, CRP, electrolytes

- IGRA, HIV and HBV testings

- Endoscopic evaluation in grade II or higher

8 weeks steroid tapering 

program

yes No

relaps

e Contraindication to 

infliximab

Response 

?

yes

no
Consider 

vedolizumab



Rôle du microbiome dans la toxicité et l’efficacité des ICI



Anti-CTLA4 efficacy

NEEDS BACTERIA

Vetizou M,… Zitvogel L Science 2015; 350:1079



Anti-CTLA4 efficacy

NEEDS BACTERIA

Vetizou M,… Zitvogel L Science 2015; 350:1079

IPI



Anti-CTLA4 efficacy

may need SPECIFIC bacteria

Vetizou M,… Zitvogel L Science 2015; 350:1079

T cells harvested from spleens of mice exposed to 

CTLA-4 Ab and restimulated with Bf versus B. 

distasonis were infused intravenously in MCA205 

tumor-bearing GF mice

GF tumor-bearing mice treated with anti 

CTLA-4 and  fed with specific bacteria

T
u
m

o
r

s
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e



Sivan A,… Gajewski TF, Science 2015; 350:1084

TAC: Taconic farm

JAX: Jackson lab



Anti-CTLA4 efficacy

may need SPECIFIC bacteria

Sivan A,… Gajewski TF, Science 2015; 350:1084

Differences in spontaneous antitumor immunity were

eliminated following fecal transfer



Anti-CTLA4 efficacy

may need SPECIFIC bacteria

Sivan A,… Gajewski TF, Science 2015; 350:1084

Oral administration of Bifidobacterium improved efficacy of 

anti PDL-1



Chez les patients atteints de mélanome, la colite et la 

réponse anti tumorale à l’ipilimumab est dépendante du 

microbiote intestinal

Hypothèse

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



GOLD study
m
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m

a
p
a
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n
ts

Long-term benefit

n=9 

Poor benefit

n=17

n=26

Colitis

n=7

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



 La composition et la diversité du microbiote ne sont pas modifiés par l'ipilimumab

1 – Impact de l’IPI sur le microbiote intestinal

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



 Les colites à l’Ipilimumab sont associées à une dysbiose

paired samples

Genus distribution

monte-carlo p=0.0059

decreased Firmicutes proportions

decreased diversity

2 – Le microbiote dans la colite à l’ipilimumab

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



Similitudes et différences avec la dysbiose associée aux MICI 

?

Similitudes

 Diminution de la diversité bactérienne

 Faibles proportions de Firmicutes (Lachnospiraceae, Ruminococaceae, Clostridium IV, etc…)

Différences 

 Proteobacteria non impliquées

 Espèces bactériennes différentes (at the OTU level)

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



3 – Le microbiote prédit la colite ?

 High proportions of Bacteroidetes at 

baseline are associated with colitis 

protection

Bacteroidaceae

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368 Dubin K,… Wolchok JD Nature communication 2016;7:10391

 Similar findings by Dubin et al. 



3 - Le microbiote prédit la colite ?

 Some specific OTUs may help predict immune-mediated colitis associated with ipilimumab in 

melanoma patients

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



Entérotypes chez les patients avec mélanome

 3 enterotypes described in melanoma patients at baseline (Firmicutes/Bacteroides/ Prevotella)

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368

Bacteroides Prevotella



p=0.00899

 Before ipiimumab treatment:

High Bacteroides  poor benefit to IPI

High Faecalibacterium  long-term benefit to IPI

4 – Le microbiote prédit l’efficacité?

p=0.00899

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



4 – Le microbiote prédit l’efficacité?

3 espèces bactériennes sont associées au bénéfice à long terme de l’ipilimumab



4 – Le microbiote prédit l’efficacité?

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



4 – Le microbiote prédit l’efficacité?

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



L’activation des lymphocytes T chez les patients du cluster A et B

Chaput N,… Carbonnel F Ann Oncol 2017; 28: 1368



Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez 

112 patients avec mélanome (Gopalakrishnan V, …Wargo J L. Science 2018;359:97)

L’alpha diversité du microbiome est 

plus élevée chez les répondeurs (R) 

que chez les non répondeurs (NR)

Pas de différence pour le microbiote

oral



Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez 

112 patients avec mélanome (Gopalakrishnan V, …Wargo J L. Science 2018;359:97)

Survie sans progression plus longue 

chez les malades ayant beaucoup 

de Faecalibacterium



Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez 

112 patients avec mélanome (Gopalakrishnan V, …Wargo J L. Science 2018;359:97)

Survie sans progression plus brève 

chez les malades ayant beaucoup 

de Bacteroidales



Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez 

112 patients avec mélanome (Gopalakrishnan V, …Wargo J L. Science 2018;359:97)

Shorter progression-free survival in 

patients with high abundance of 

Bacteroidales

L’analyse multivariée par modèle de Cox montre que le plus fort 

prédicteur de la réponse anti tumorale sont l’abondance en 

Faecalibacterium (HR=2.95; p=0.03)  et l’immunothérapie préalable (HR=2.83; p=0.03)



Le microbiote intestinal module la réponse anti tumorale 

aux anti PD1/PDL1 (Routy B, …, Zitvogel L. Science 2018;359:91)

Survie globale plus brève chez les 

patients* qui ont reçu des 

antibiotiques

*NSCLC (n=140), renal cell cancer (n=67) and 

urothelial carcinoma (n=42)



Le microbiote intestinal module la réponse anti tumorale 

aux anti PD1/PDL1 (Routy B, …, Zitvogel L. Science 2018;359:91)

Surreprésentation de Firmicutes

classés et inclassés et des genres 

Akkermansia and Alistipes chez les 

patients avec  réponse partielle (PR) 

et maladie stable (SD) vs ceux avec 

maladie progressive (PD)



Helmink et al Nat Medicine 2019

High variability – some trends



High variability – some trends

« Classifiers’ performance was enhanced when KEGG 

orthologues were used (figure 4D–F) with RF on Gopalakrishnan

et al’s data generating the highest AUC, 0.71 (figure 4D) »



Facteurs prédictifs de l’ efficacité de l’ immunothérapie du 

cancer

Facteurs liés à la tumeur

Expression du PD-L1

Charge mutationnelle

MSI

Autres

Facteurs liés à l’hôte

Infiltrat lymphocytaire péritumoral

Microbiote



Le microbiome module l’effet anti-tumoral de l’immunothérapie

Les patients répondeurs aux anti CTLA-4 et aux anti PD-1

ont un microbiote eubiotique

Ces résultats suggèrent que la manipulation du microbiote pourrait

améliorer l’efficacité et la tolérance de l’immunothérapie

CONCLUSION



Peut-on modifier le microbiote et avec quel résultat 

clinique? 

Antibiotiques

Changer l’alimentation pour changer le microbiote

Probiotiques

Cocktail de bactéries

Transplantation fécale

Phages







Peut-on modifier le microbiote et avec quel résultat 

clinique? 

Antibiotiques

Changer l’alimentation pour changer le microbiote

Probiotiques

Cocktail de bactéries

Transplantation fécale

Phages
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Clinical trials with FMT for melanoma



REPORT

CLINICAL TRIALS

Fecal microbiotatransplant promotesresponsein
immunotherapy-refractory melanomapatients
Erez N. Baruch1,2*†, Ilan Youngster3,4, Guy Ben-Betzalel1, Rona Ortenberg1, Adi Lahat5, Lior Katz6,

Katerina Adler7, Daniela Dick-Necula8, Stephen Raskin4,9, Naamah Bloch10, Daniil Rotin8, Liat Anafi8,

Camila Avivi8, Jenny Melnichenko1, Yael Steinberg-Silman1, Ronac Mamtani11, Hagit Harati1,

Nethanel Asher1, Ronnie Shapira-Frommer1, Tal Brosh-Nissimov12, Yael Eshet4,8,13, Shira Ben-Simon10,

Oren Ziv10, Md Abdul Wadud Khan14, Moran Amit15, Nadim J. Ajami14, Iris Barshack4,8,

Jacob Schachter1,4, Jennifer A. Wargo14,16, Omry Koren10, Gal Markel1,2,17*‡, Ben Boursi4,18,19‡

The gut microbiome has been shown to influence the response of tumors to anti–PD-1(programmed

cell death–1) immunotherapy in preclinical mouse models and observational patient cohorts.

However, modulation of gut microbiota in cancer patients has not been investigated in clinical trials.

In this study, we performed a phase 1clinical trial to assess the safety and feasibility of fecal

microbiota transplantation (FMT) and reinduction of anti–PD-1immunotherapy in 10 patients with

anti–PD-1–refractory metastatic melanoma. We observed clinical responses in three patients,

including two partial responses and one complete response. Notably, treatment with FMT was

associated with favorable changes in immune cell infiltrates and gene expression profiles in both the

gut lamina propria and the tumor microenvironment. These early findings have implications for

modulating the gut microbiota in cancer treatment.

I
mmunotherapy to inhibit theprogrammed

cell death–1(PD-1) checkpoint protein in

metastatic melanoma patients has dem-

onstrated durablecompleteresponse(CR)

ratesof 10 to 20%(1). However, most of

thepatientsdonot respond toPD-1blockade,

and many of thepartially responding patients

eventually progress(1). Extensiveresearch ef-

forts have been undertaken to overcome the

resistance to anti–PD-1therapy. Oneof the

most promising leads involves modulation

of thegut microbiota(2–4), which hasbeen

shown to have a profound effect on the de-

velopment and function of theimmunesystem

(5). Although no specific bacterial taxa have

been consistently associated with clinical re-

sponse to immunotherapy (6), fecal micro-

biota transplantation (FMT)—which transfers

the entire gut microbiota from one host to

another—hasdemonstrated promisingresults

in preclinical models (2–4). Compared with

mice that received FMT from melanoma pa-

tients not responding to anti–PD-1 therapy,

micethat received FMT from respondersdem-

onstrated increased intratumoral CD8+ T cell

infilt ration and enhanced overall effective-

nessof anti–PD-1therapy (2,3).On thebasisof

thesedata, wedesigned aphase1clinical trial

(NCT03353402) to assessthesafety, feasibility,

and immunecell impact of FMT and reinduc-

tion of anti–PD-1immunotherapy in patients

with refractory metastatic melanoma.

Thetrial included twoFMTdonorswhohad

previously been treated with anti–PD-1mono-

therapy for metastatic melanoma and had

achieved aCRfor at least 1year (tableS1and

materialsand methods). Patientswerecon-

sidered eligibleFMT recipientsif they had a

diagnosis of metastatic melanomaand had

progressed on at least one lineof anti–PD-1

therapy.RecipientsharboringaBRAF-V600E

mutation must havealsoprogressed on BRAF-

targeted therapy.Aspart of thetrial’sprotocol,

recipientsunderwent an initial nativemicro-

biota depletion phase in which they were

administered with orally ingested antibiot-

ics(vancomycin and neomycin) for 72hours

(Fig. 1A). FMT was then performed by means

of both a colonoscopy (protocol day 0) and

theadministration of oral stool capsules fol-

lowed by reinduction of anti–PD-1 therapy

(nivolumab). Six combined treatment cycles

composed of anti–PD-1infusions (nivolumab

at standard dose) and additional stool cap-

sules (maintenanceFMT) were administered

every 14 days unti l day 90. Each recipient

underwent positron emission tomography

combined with computed tomography (PET-

CT) imaging before the trial and on day 65.

Response to treatment wasdefined asan ob-

jectivetumor regression per imaging accord-

ing to iRECIST criteria (response evaluation

criteria in solid tumors, modified for immu-

notherapy) (7).Objectiverespondersand recip-

ients who demonstrated a clinical benefit to

the treatment continued anti–PD-1

beyond day 90 asmonotherapy and under-

went consecutivePET-CTsin intervalsof 6 to

8 weeksuntil disease progression.

Correlativestudies included stool, gut, and

tumor analyses (see materials and methods).

16Sribosomal RNA (rRNA) gene and meta-

genomicssequencingwereconducted on stool

samplesthat werecollected from recipientsup

to 1week beforethenativemicrobiota deple-

tion phase (defined aspretreatment) and on

stool samples collected on days7, 31, and 65.

Donor stool sampleswerecollected duringthe

fecal donation period. Gut and tumor biopsies

were collected pretreatment and at days 31

and 70, respectively. Infiltration and activity

of immune cells in the tissue samples were

assessed using immunohistochemical (IHC)

and bulk RNA sequencing (RNA-seq). In cases

where no specific gene differed in a statisti-

cally significant manner, geneset testing was

conducted using the Gene Ontology (GO)

dataset. Recipient 2 refused toundergo post-

treatment biopsiesand withdrew consent im-

mediatelyafter theday-65imagingassessment,

leaving nine available recipients for gut and

tumor tissue assessment.

Ten recipients with confirmed progression

on anti–PD-1therapywereenrolled and treated

between June 2018 and March 2019 (Table 1

and table S2). Recipients were assigned to

receiveFMT from oneof thetwo availabledo-

nors, alternatingbetween donor 1and donor 2.

Themedian recipient agewas66 years [inter-

quartilerange(IQR),49to68years], themajor-

ityweremales(70%),and themedian elapsed

timefrom thelast previousdoseof anti–PD-1to

the first dose of the current trial was113 days

RESEARCH

Baruch et al., Science 371, 602–609 (2021) 5 February 2021 1 of 8

1The Ella Lemelbaum Institute for Immuno-Oncology, Sheba Medical Center, Tel-HaShomer, Israel. 2Department of Clinical Immunology and Microbiology, Sackler Faculty of Medicine, Tel Aviv
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CLINICAL TRIALS

Fecal microbiotatransplant overcomesresistanceto
anti–PD-1therapy inmelanomapatients
Diwakar Davar1*, Amiran K. Dzutsev2*, John A. McCulloch2, Richard R. Rodrigues2,3,

Joe-Marc Chauvin1, Robert M. Morrison1, Richelle N. Deblasio1, Carmine Menna1, Quanquan Ding1,

Ornella Pagliano1, Bochra Zidi1, Shuowen Zhang1†, Jonathan H. Badger2, Marie Vetizou2,

Alicia M. Cole2, Miriam R. Fernandes2, Stephanie Prescott2, Raquel G. F. Costa2, Ascharya K. Balaji2,

Andrey Morgun4, Ivan Vujkovic-Cvijin5, Hong Wang6, Amir A. Borhani7, Marc B. Schwartz8,

Howard M. Dubner8, Scarlett J. Ernst1, Amy Rose1, Yana G. Najjar1, Yasmine Belkaid5,

John M. Kirkwood1, Giorgio Trinchieri2‡§, Hassane M. Zarour1,9‡§

Anti–programmed cell death protein 1(PD-1) therapy provides long-term clinical benefits to patients with

advanced melanoma. The composition of the gut microbiota correlates with anti–PD-1efficacy in preclinical

models and cancer patients. To investigate whether resistance to anti–PD-1can be overcome by changing

the gut microbiota, this clinical trial evaluated the safety and efficacy of responder-derived fecal microbiota

transplantation (FMT) together with anti–PD-1in patients with PD-1–refractory melanoma. This combination

was well tolerated, provided clinical benefit in 6 of 15 patients, and induced rapid and durable microbiota

perturbation. Responders exhibited increased abundanceof taxa that werepreviously shown to beassociated

with response to anti–PD-1, increased CD8+ T cell activation, and decreased frequency of interleukin-8–

expressing myeloid cells. Responders had distinct proteomic and metabolomic signatures, and transkingdom

network analyses confirmed that the gut microbiome regulated these changes. Collectively, our findings show

that FMT and anti–PD-1changed the gut microbiome and reprogrammed the tumor microenvironment to

overcome resistance to anti–PD-1in a subset of PD-1advanced melanoma.

I
mmune checkpoint blockade with mono-

clonal antibodies (mAbs) targeting pro-

grammedcell deathprotein 1(PD-1)provides

long-term clinical benefitstonearly40%of

patients with advanced melanoma (1–5).

In addition totumor-intrinsicmechanismssup-

portingresistancetoanti–PD-1mAbs(anti–PD-1),

thegut microbiomeisamajor tumor-extrinsic

regulator of responses to anti–PD-1(6–9). In

mice, composition of thegut microbiomemod-

ulates therapeutic activity of anti–PD-1and

anti–programmed death-ligand 1(PD-L1),and

administration of certain gut commensals or

fecal microbiota transplantation (FMT) pro-

motesanti–PD-1efficacy in melanoma-bearing

mice(10–12). Although multiple studieshave

reported that a favorable gut microbiome is

associated with responsetoanti–PD-1in cancer

patients, itsprecisecomposition isnot yet fully

understood (10–12). Specifically in melanoma,

key bacterial speciesbelongingtovariousphyla,

including Actinobacteria (Bifidobacteriaceae

spp.and Coriobacteriaceaespp.) and Firmicutes

(Ruminococcaceae spp. and Lachnospiraceae

spp.), are associated with favorable response

to mAbs targeting PD-1in cancer patients, al-

though limited concordance among the iden-

tified specieshasbeen reported in different

studies (10–14). Whether microbiome-based

therapy can overcome resistance to anti–PD-1

in patients with advanced melanoma has not

been evaluated. To address this question, we

designed a single-arm clinical trial to evaluate

the safety and efficacy of FMT obtained from

individual long-term responder (R) melanoma

patients together with anti–PD-1 in PD-1–

refractory metastat ic melanoma patients

(NCT03341143; fig. S1).

A subset of PD-1–refractory melanoma

patients respond to fecal microbiota

transplant and anti–PD-1therapy

Sixteen melanoma patients were enrolled be-

tween June2018 and January 2020 (tableS1),

and the results presented here reflect a data

cutoff of 1September 2020. All melanoma

patients were primary refractory to anti–PD-1

therapy, defined aspatientswho had no prior

response to anti–PD-1alone or in combination

with anticytotoxic T lymphocyte–associated

protein 4 or investigational agents (table S1)

and had confirmed primary progressive dis-

ease (PD), as assessed by an independent

radiologist using responseevaluation criteria

in solid tumors (RECIST v1.1) (15, 16). Among

PD-1–refractory patients included in the trial,

only one had a best response of short-term

stable disease (SD) before radiographically

confirmed PD. All enrolled patients and can-

didatedonorsunderwent serial stool sampling

and extensive infectious studies to eliminate

the possibility of transmitting infectious agents

(fig. S2). Seven donors, including four with

complete response (CR) and threewith partial

response (PR), with median progression-free

survival (PFS) of 56 months (range: 45 to

70 months) were used to treat 16 patients

(table S2). Blood and stool specimens were

obtained serially and screened for 32 viral,

bacterial, fungal, and protozoan agents be-

foreFMT (fig. S2). A singledonor–derived FMT

wasadministered along with pembrolizumab

(fig. S1), followed by additional pembrolizumab

therapy every 3 weeks until disease progres-

sion or intolerable toxicity. Radiographic as-

sessments were conducted every 12 weeks

(four cycles), and response was classified by

using RECIST v1.1. Of the16 patientsenrolled,

15 received FMT and pembrolizumab and had

at least one restaging computed tomography

(CT) scan and thus were deemed evaluable

for response. One patient who had a rapid

clinical decline after FMT that was deemed

secondary to rapid disease progression was

evaluable for safety but not response. Objec-

tive responses (ORs) were noted in 3 (PT-18-

0032, CR; PT-18-0007and PT-19-0024, PR) out

of 15 patients [OR rate (ORR): 20%], whereas

3 (PT-18-0018, PT-19-0002, and PT-19-0010)

out of 15 patients (20%) had durable SD last-

ing >12 months (Fig. 1, A and B). Representa-

tive radiographic examples from all three R

patients with ORR are provided (Fig. 1C and

figs. S3 and S4). Median PFSand overall sur-

vival (OS) in all patientswere3.0 and 7.0 months,

respectively, at amedian follow-up of 7months.

In six patients with disease control (i.e., OR

and SD), median PFS and OS were 14.0 and

14.0 months, respectively (Fig. 1B). Among these

patients, one patient (PT-18-0007) exhibited

ongoing PR after >2 years and is currently

on surveillance, whereas four patients (PT-

18-0018, PT-19-0002, PT-19-0010, and PT-

19-0024) remain on treatment. One patient

(PT-18-0032) with radiographic CR under-

went an elective surgical procedure for spinal

stenosis but suffered a spinal infarct unrelated

to therapy and subsequently passed away. Our

study shows that FMT together with anti–

PD-1overcame resistance to anti–PD-1 in a

subset of PD-1–refractory melanoma patients.

Although these preliminary findings warrant

further evaluation in a larger randomized

clinical trial, the observed ORR was superior
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Fecal microbiotatransplant overcomesresistanceto
anti–PD-1therapy inmelanomapatients
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John M. Kirkwood1, Giorgio Trinchieri2‡§, Hassane M. Zarour1,9‡§

Anti–programmed cell death protein 1(PD-1) therapy provides long-term clinical benefits to patients with

advanced melanoma. The composition of the gut microbiota correlates with anti–PD-1efficacy in preclinical

models and cancer patients. To investigate whether resistance to anti–PD-1can be overcome by changing

the gut microbiota, this clinical trial evaluated the safety and efficacy of responder-derived fecal microbiota

transplantation (FMT) together with anti–PD-1in patients with PD-1–refractory melanoma. This combination

was well tolerated, provided clinical benefit in 6 of 15 patients, and induced rapid and durable microbiota

perturbation. Responders exhibited increased abundanceof taxa that werepreviously shown to beassociated

with response to anti–PD-1, increased CD8+ T cell activation, and decreased frequency of interleukin-8–

expressing myeloid cells. Responders had distinct proteomic and metabolomic signatures, and transkingdom

network analyses confirmed that the gut microbiome regulated these changes. Collectively, our findings show

that FMT and anti–PD-1changed the gut microbiome and reprogrammed the tumor microenvironment to

overcome resistance to anti–PD-1 in a subset of PD-1advanced melanoma.

I
mmune checkpoint blockade with mono-

clonal antibodies (mAbs) targeting pro-

grammedcell death protein 1(PD-1)provides

long-term clinical benefitstonearly40%of

patients with advanced melanoma (1–5).

In addition totumor-intrinsicmechanismssup-

portingresistancetoanti–PD-1mAbs(anti–PD-1),

thegut microbiomeisamajor tumor-extrinsic

regulator of responses to anti–PD-1(6–9). In

mice, composition of thegut microbiomemod-

ulates therapeutic activity of anti–PD-1and

anti–programmed death-ligand 1(PD-L1),and

administration of certain gut commensals or

fecal microbiota transplantation (FMT) pro-

motesanti–PD-1efficacy in melanoma-bearing

mice(10–12). Although multiplestudieshave

reported that a favorable gut microbiome is

associated with responsetoanti–PD-1in cancer

patients, itsprecisecomposition isnot yet fully

understood (10–12). Specifically in melanoma,

keybacterial speciesbelongingtovariousphyla,

including Actinobacteria (Bifidobacteriaceae

spp.and Coriobacteriaceaespp.) and Firmicutes

(Ruminococcaceae spp. and Lachnospiraceae

spp.), are associated with favorable response

to mAbs targeting PD-1in cancer patients, al-

though limited concordance among the iden-

tified specieshasbeen reported in different

studies (10–14). Whether microbiome-based

therapy can overcome resistance to anti–PD-1

in patients with advanced melanoma has not

been evaluated. To address this question, we

designed a single-arm clinical trial to evaluate

the safety and efficacy of FMT obtained from

individual long-term responder (R) melanoma

patients together with anti–PD-1 in PD-1–

refractory metastat ic melanoma patients

(NCT03341143; fig. S1).

A subset of PD-1–refractory melanoma

patients respond to fecal microbiota

transplant and anti–PD-1therapy

Sixteen melanoma patients were enrolled be-

tween June2018 and January 2020 (tableS1),

and the results presented here reflect a data

cutoff of 1September 2020. All melanoma

patients were primary refractory to anti–PD-1

therapy, defined aspatientswho had no prior

response to anti–PD-1alone or in combination

with anticytotoxic T lymphocyte–associated

protein 4 or investigational agents (table S1)

and had confirmed primary progressive dis-

ease (PD), as assessed by an independent

radiologist using responseevaluation criteria

in solid tumors (RECIST v1.1) (15, 16). Among

PD-1–refractory patients included in the trial,

only one had a best response of short-term

stable disease (SD) before radiographically

confirmed PD. All enrolled patients and can-

didatedonorsunderwent serial stool sampling

and extensive infectious studies to eliminate

the possibility of transmitting infectious agents

(fig. S2). Seven donors, including four with

complete response (CR) and threewith partial

response (PR), with median progression-free

survival (PFS) of 56 months (range: 45 to

70 months) were used to treat 16 patients

(table S2). Blood and stool specimens were

obtained serially and screened for 32 viral,

bacterial, fungal, and protozoan agents be-

foreFMT (fig. S2). A singledonor–derived FMT

wasadministered along with pembrolizumab

(fig. S1), followed by additional pembrolizumab

therapy every 3 weeks until disease progres-

sion or intolerable toxicity. Radiographic as-

sessments were conducted every 12 weeks

(four cycles), and response was classified by

using RECIST v1.1. Of the16 patientsenrolled,

15 received FMT and pembrolizumab and had

at least one restaging computed tomography

(CT) scan and thus were deemed evaluable

for response. One patient who had a rapid

clinical decline after FMT that was deemed

secondary to rapid disease progression was

evaluable for safety but not response. Objec-

tive responses (ORs) were noted in 3 (PT-18-

0032, CR; PT-18-0007and PT-19-0024, PR) out

of 15 patients [OR rate (ORR): 20%], whereas

3 (PT-18-0018, PT-19-0002, and PT-19-0010)

out of 15 patients (20%) had durable SD last-

ing >12 months (Fig. 1, A and B). Representa-

tive radiographic examples from all three R

patients with ORR are provided (Fig. 1C and

figs. S3 and S4). Median PFSand overall sur-

vival (OS) in all patientswere3.0 and 7.0 months,

respectively, at amedian follow-up of 7months.

In six patients with disease control (i.e., OR

and SD), median PFS and OS were 14.0 and

14.0 months, respectively (Fig.1B).Among these

patients, one patient (PT-18-0007) exhibited

ongoing PR after >2 years and is currently

on surveillance, whereas four patients (PT-

18-0018, PT-19-0002, PT-19-0010, and PT-

19-0024) remain on treatment. One patient

(PT-18-0032) with radiographic CR under-

went an elective surgical procedure for spinal

stenosis but suffered a spinal infarct unrelated

to therapy and subsequently passed away. Our

study shows that FMT together with anti–

PD-1overcame resistance to anti–PD-1 in a

subset of PD-1–refractory melanoma patients.

Although these preliminary findings warrant

further evaluation in a larger randomized

clinical trial, the observed ORR was superior
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the gut microbiota, this clinical trial evaluated the safety and efficacy of responder-derived fecal microbiota

transplantation (FMT) together with anti–PD-1in patients with PD-1–refractory melanoma. This combination

was well tolerated, provided clinical benefit in 6 of 15 patients, and induced rapid and durable microbiota

perturbation. Responders exhibited increased abundanceof taxa that werepreviously shown to beassociated

with response to anti–PD-1, increased CD8+ T cell activation, and decreased frequency of interleukin-8–

expressing myeloid cells. Responders had distinct proteomic and metabolomic signatures, and transkingdom

network analyses confirmed that the gut microbiome regulated these changes. Collectively, our findings show

that FMT and anti–PD-1changed the gut microbiome and reprogrammed the tumor microenvironment to

overcome resistance to anti–PD-1 in a subset of PD-1advanced melanoma.

I
mmune checkpoint blockade with mono-

clonal antibodies (mAbs) targeting pro-

grammedcell death protein 1(PD-1)provides

long-term clinical benefitstonearly40%of

patients with advanced melanoma (1–5).

In addition totumor-intrinsicmechanismssup-

portingresistancetoanti–PD-1mAbs(anti–PD-1),

thegut microbiomeisamajor tumor-extrinsic

regulator of responses to anti–PD-1(6–9). In

mice, composition of thegut microbiomemod-

ulates therapeutic activity of anti–PD-1and

anti–programmed death-ligand 1(PD-L1),and

administration of certain gut commensals or

fecal microbiota transplantation (FMT) pro-

motesanti–PD-1efficacy in melanoma-bearing

mice(10–12). Although multiplestudieshave

reported that a favorable gut microbiome is

associated with responsetoanti–PD-1in cancer

patients, itsprecisecomposition isnot yet fully

understood (10–12). Specifically in melanoma,

keybacterial speciesbelongingtovariousphyla,

including Actinobacteria (Bifidobacteriaceae

spp.and Coriobacteriaceaespp.) and Firmicutes

(Ruminococcaceae spp. and Lachnospiraceae

spp.), are associated with favorable response

to mAbs targeting PD-1in cancer patients, al-

though limited concordance among the iden-

tified specieshasbeen reported in different

studies (10–14). Whether microbiome-based

therapy can overcome resistance to anti–PD-1

in patients with advanced melanoma has not

been evaluated. To address this question, we

designed a single-arm clinical trial to evaluate

the safety and efficacy of FMT obtained from

individual long-term responder (R) melanoma

patients together with anti–PD-1 in PD-1–

refractory metastat ic melanoma patients

(NCT03341143; fig. S1).

A subset of PD-1–refractory melanoma

patients respond to fecal microbiota

transplant and anti–PD-1therapy

Sixteen melanoma patients were enrolled be-

tween June2018 and January 2020 (tableS1),

and the results presented here reflect a data

cutoff of 1September 2020. All melanoma

patients were primary refractory to anti–PD-1

therapy, defined aspatientswho had no prior

response to anti–PD-1alone or in combination

with anticytotoxic T lymphocyte–associated

protein 4 or investigational agents (table S1)

and had confirmed primary progressive dis-

ease (PD), as assessed by an independent

radiologist using responseevaluation criteria

in solid tumors (RECIST v1.1) (15, 16). Among

PD-1–refractory patients included in the trial,

only one had a best response of short-term

stable disease (SD) before radiographically

confirmed PD. All enrolled patients and can-

didatedonorsunderwent serial stool sampling

and extensive infectious studies to eliminate

the possibility of transmitting infectious agents

(fig. S2). Seven donors, including four with

complete response (CR) and threewith partial

response (PR), with median progression-free

survival (PFS) of 56 months (range: 45 to

70 months) were used to treat 16 patients

(table S2). Blood and stool specimens were

obtained serially and screened for 32 viral,

bacterial, fungal, and protozoan agents be-

foreFMT (fig. S2). A singledonor–derived FMT

wasadministered along with pembrolizumab

(fig. S1), followed by additional pembrolizumab

therapy every 3 weeks until disease progres-

sion or intolerable toxicity. Radiographic as-

sessments were conducted every 12 weeks

(four cycles), and response was classified by

using RECIST v1.1. Of the16 patientsenrolled,

15 received FMT and pembrolizumab and had

at least one restaging computed tomography

(CT) scan and thus were deemed evaluable

for response. One patient who had a rapid

clinical decline after FMT that was deemed

secondary to rapid disease progression was

evaluable for safety but not response. Objec-

tive responses (ORs) were noted in 3 (PT-18-

0032, CR; PT-18-0007and PT-19-0024, PR) out

of 15 patients [OR rate (ORR): 20%], whereas

3 (PT-18-0018, PT-19-0002, and PT-19-0010)

out of 15 patients (20%) had durable SD last-

ing >12 months (Fig. 1, A and B). Representa-

tive radiographic examples from all three R

patients with ORR are provided (Fig. 1C and

figs. S3 and S4). Median PFSand overall sur-

vival (OS) in all patientswere3.0 and 7.0 months,

respectively, at amedian follow-up of 7months.

In six patients with disease control (i.e., OR

and SD), median PFS and OS were 14.0 and

14.0 months, respectively (Fig.1B).Among these

patients, one patient (PT-18-0007) exhibited

ongoing PR after >2 years and is currently

on surveillance, whereas four patients (PT-

18-0018, PT-19-0002, PT-19-0010, and PT-

19-0024) remain on treatment. One patient

(PT-18-0032) with radiographic CR under-

went an elective surgical procedure for spinal

stenosis but suffered a spinal infarct unrelated

to therapy and subsequently passed away. Our

study shows that FMT together with anti–

PD-1overcame resistance to anti–PD-1 in a

subset of PD-1–refractory melanoma patients.

Although these preliminary findings warrant

further evaluation in a larger randomized

clinical trial, the observed ORR was superior
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