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Abstract

Gut microbiota is involved in immune modulation and immune checkpoint inhibitors
(IClIs) efficacy. Single-arm phase [I CAVE-mCRC and CAVE-LUNG clinical trials
investigated cetuximab -+ avelumab combination in RAS wild-type (WT) metastatic
colorectal cancer (mCRC) and chemo-refractory nonsmall cell lung cancer (NSCLC)
patients, respectively. A comprehensive gut microbiota genetic analysis was done in
basal fecal samples of 14 patients from CAVE-mCRC trial with circulating tumor
DNA (ctDNA) RAS/BRAF WT and microsatellite stable (MSS) disease. Results were
validated in a cohort of 10 patients from CAVE-Lung trial. 16S rRNA sequencing rev-
ealed 23 027 bacteria species in basal fecal samples of 14 patients from CAVE-mCRC
trial. In five long-term responding patients (progression-free survival [PFS],
9-24 months) significant increases in two butyrate-producing bacteria, Agathobacter
M104/1 (P = .018) and Blautia SR1/5 (P = .023) were found compared to nine
patients with shorter PFS (2-6 months). A significantly better PFS was also observed
according to the presence or absence of these species in basal fecal samples. For
Agathobacter M104/1, median PFS (mPFS) was 13.5 months (95% confidence interval
[CI], 6.5-20.5 months) vs 4.6 months (95% Cl, 1.8-7.4 months); P = .006. For Blautia
SR1/5, mPFS was 5.9 months (95% ClI, 2.2-9.7 months) vs 3.6 months (95% Cl,
3.3-4.0 months); P = .021. Similarly, in CAVE-Lung validation cohort, Agathobacter
M104/1 and Blautia SR1/5 expression were associated with PFS according to their

presence or absence in basal fecal samples. Agathobacter and Blautia species could be
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1 | INTRODUCTION
In the last decade, immunotherapy has determined a revolution in the
therapeutic approach for various tumors, such as malignant melanoma
and lung cancer.%? Therapeutic blockade of immune checkpoint
programmed cell death 1 (PD-1), of programmed cell death ligand
1 (PD-L1) and/or of cytotoxic T-lymphocyte-associated antigen
(CTLA-4) has determined significant improvements in patient sur-
vival.® Unfortunately, the scenario for colorectal cancer (CRC) is
completely different. Immune checkpoint inhibitors (ICI) have clinically
relevant efficacy only in 3% to 6% of metastatic CRC (mCRC) patients,
that have deficient mismatch repair (AMMR) tumors with DNA
microsatellite-high instability (MSI-H) and that are characterized by a
high number of mutations.* In mCRC patients with microsatellite sta-
ble (MSS) tumors, ICls are not effective. Therefore, novel immuno-
therapy strategies are urgently needed for the majority of patients
with mCRC. With the advancement of molecular techniques, next-
generation sequencing (NGS) analyses focused on novel approaches
for the characterization and identification of microbial communities,
which play an important role in different diseases and cancers such as
colon cancer, cervical cancer, prostate cancer, lung cancer and
gallbladder cancer.>1©

We have recently reported the results of Cetuximab-AVElumab-
mCRC (CAVE-mCRC), a single-arm, phase |l trial, in which the combi-
nation of cetuximab, an anti-epidermal growth factor receptor (EGFR)
monoclonal antibody (mAb) plus avelumab, an antiprogrammed death
ligand 1 (PD-L1) mAb, was evaluated as rechallenge strategy in
chemo-refractory RAS wild type (WT) mCRC patients.*? The rationale
for this combination is based on the induction of antibody-dependent
cell-mediated cytotoxicity (ADCC) by these two IgG isotype mAbs,
which could enhance Natural Killer (NK) cell-mediated antitumor
immune response.??! This effect may play a major role in their anti-
tumor activity, as suggested by the findings of the CAVE-Lung trial, in
which patients with advanced nonsmall-cell lung cancer (NSCLC)

received the same combination of cetuximab plus avelumab.**

potential biomarkers of outcome in mCRC, and NSCLC patients treated with

cetuximab + avelumab. These findings deserve further investigation.

avelumab, cetuximab, gut microbiota, mCRC, NSCLC

The gut microbiota has been proposed as a relevant player in cancer development as well as a
potential modulator of sensitivity to immunotherapy. Here, the authors performed an extensive
analysis of pretreatment fecal microbiota species in patients with metastatic colorectal cancer
and nonsmall cell lung cancer treated with cetuximab plus avelumab in the CAVE-mCRC and
CAVE-lung trials, respectively. For the first time, they demonstrate that two gut bacteria species
are associated with longer progression-free survival. The two butyrate-producing bacteria could
become potential biomarkers for cetuximab plus avelumab antitumor activity in chemo-

refractory colorectal cancer and nonsmall cell lung cancer patients.

Seventy-seven patients with chemo-refractory RAS WT mCRC
were treated in third or further lines of therapy with cetuximab plus
avelumab in the CAVE-mCRC trial.** Median overall survival (mOS)
was 11.6 months with median progression-free survival (mPFS) of
3.6 months in the intention to treat patient population. Significantly
higher antitumor activity was observed in 48 patients, that, at liquid
biopsy plasma analysis of circulating tumor DNA (ctDNA) before
treatment, had RAS/BRAF WT tumors (mPFS, 4.1 months; PFS of
6 months of more in 41% of patients; mOS, 17.8 months), providing
evidence that cetuximab plus avelumab could be a clinically relevant
rechallenge approach for mCRC patients with chemo-refractory, MSS
tumor and plasma ctDNA RAS/BRAF WT.

Potential predictive biomarkers for immunotherapy efficacy are
unknown for MSS mCRC.* In the recent past, the gut microbiota has
been proposed as a relevant player in cancer development and pro-
gression as well as a potential modulator of host immune responses
and of sensitivity to ICIs.X® In particular, butyrate-producing gut bac-
teria may play a positive role in blocking inflammation and modulating
both innate and adaptative immunity.”

Here, we report an exploratory analysis of basal pretreatment
fecal microbiota species in patients from CAVE-mCRC trial with the
aim of identifying gut bacteria, which could be correlated with anti-
tumor activity of avelumab plus cetuximab. To further evaluate and to
validate the potential role of intestinal microbiota, we extended this
analysis to a subgroup of patients from CAVE-Lung trial.

2 | METHODS

2.1 | Study design and patient population

CAVE-mCRC trial was a nonprofit academic, single-arm phase Il study.*!
Patients had histologically confirmed mCRC with RAS (NRAS and KRAS,
exon 2, 3 and 4) WT tumors; obtained a complete (CR) or partial
response (PR) during first-line treatment with an anti-EGFR-based
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regimen and, upon progression, received at least one subsequent line of
therapy with an interval of more than 4 months from the last dose of
the anti-EGFR drug. Additional inclusion and exclusion criteria are
described in the full protocol available online.** CAVE-Lung trial
was a nonprofit academic, single-arm proof-of-concept clinical and
translational study. Patients were enrolled with histologically con-
firmed Stage IllIb/IV or recurrent NSCLC and treated as second- or
third-line therapy. Additional inclusion and exclusion criteria are
described in the full protocol available online.** CAVE-mCRC (clini-
cal trial registration: NCT04561336); CAVE-LUNG (clinical trial reg-
istration: Eudract-2017-004195-58).

No patients received antibiotic therapy before baseline stool sam-
pling in both trials. PFS and overall survival (OS) were calculated at
the follow-up landmark of August 31, 2021, for both trials. One
patient in the CAVE-Lung trial was still on treatment at the time of

the analysis.

2.2 | DNA extraction

Fecal samples were collected at baseline before treatment for CAVE-
mCRC and CAVE-lung trial patients. Fifty milligrams of feces were
homogenized in 500 uL of 10 mg/mL lysozyme solution in Tris-
sucrose buffer (50 mM Tris-HCI, 40 mM EDTA, 0.75M sucrose,
pH 8.0) and incubated for 1 hour at 37°C. The Maxwell 16 DNA Puri-
fication Kit (Promega, Madison, WI) was used for the DNA extraction
according to the manufacturer's instructions. The DNA concentration
was evaluated using the Qubit HS dsDNA fluorescence assay (Life
Technologies, Carlsbad, CA).

2.3 | [Illumina sequencing of the 16S rRNA genes

The V4 region of the bacterial 16S rRNA gene was amplified by using
PCR with the primers 520F and 802R.*® For each sample, DNA ampli-
fication was performed in triplicate by using 5 ng of DNA per reaction,
following the conditions previously reported.’? QIAxcel (Qiagen
GmbH, Hilden, Germany) capillary electrophoresis was used to check
the resulting amplicons. The amplicons were purified by using the
MinElute PCR purification kit (Qiagen GmbH, Hilden, Germany).
MiSeq System by using the MiSeq Reagent Kit v3 at a 2 x 250 bp
read length configuration Paired-end sequencing (2 x 250 bp) was
carried out on an lllumina MiSeq sequencer (Fasteris, Genéve,
Switzerland). The OBITools softwares (www.prabi.grenoble.fr/trac/
OBITools) were used to analyze the DNA sequence, referring each
read to its original sample and de-replicating reads into unique
sequences. Singletons and short sequences (<20 nucleotides) were
first removed with the PCR/sequencing errors and chimeras elimi-
nated by obigrep/obiclean command use. For taxonomic assignment
of sequences, a reference database, using the ecoPCR program, was
built. The taxons were assigned using the EcoTag program. The use of
bioinformatic filters allowed to further elimination of putative PCR

and/or sequencer artifacts. Sequences characterized by 90% identity
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to the sequences present in GenBank were considered for further

analysis.

24 | Real-time PCR

To determine the presence of hydrogen consumers and butyrate pro-
ducers, PCR was performed on fecal DNA. StepOne Plus Real-Time
PCR System (Applied Biosystems, Foster City, CA) was used for gPCR.
The amplification reaction was carried out in 20 pL containing 2 pL
DNA, 0.4 mM of each forward and reverse primer, and 10 pL of KAPA
SYBR FAST gqPCR Master Mix (Kapa Biosystems, Wilmington, MA).
Plasmids containing amplified fragments of acs, dsrA, mcrA or geno-
mic DNA from reference strains for BcoAT were used to build stan-
dard curves. Results were expressed as gene copy numbers per gram

wet feces.

2.5 | Nucleotide sequence accession
The sequencing coverage and quality statistics for each sample are

summarized in Tables S1 and S2.

2.6 | qPCR analysis of plasma samples

Plasma specimens from 67 out of 77 patients were collected at base-
line and were suitable for ctDNA evaluation of KRAS, NRAS, BRAF and
EGFR extracellular domain S492R mutations by using the automated
Idylla TM gqPCR-based platform, as previously reported.' Results of
the analyses were visualized using the online tool Idylla TM Explore
(idyllaexplore.biocartis.com, last accessed May 30, 2020). This proto-

col has been previously validated and is fully described elsewhere.?°

2.7 | Statistical analysis

Search for significant binary correlations between different gut micro-
biota species and PFS was performed using Kendall Tau-b or Pearson
correlation tests, according to not normal and normal distribution,
respectively. P values <.05 were considered statistically significant.
Given the exploratory nature of this analysis, no correction was per-
formed for multiplicity. PFS curves were calculated using the Kaplan-
Meier method and compared using the Log-rank test. Analyses were

performed using SPSS package version 24.

3 | RESULTS

Chemo-refractory mCRC patients with plasma ctDNA RAS/BRAF WT
and with MSS tumor had the highest clinical benefit from cetuximab
rechallenge plus avelumab in CAVE-mCRC trial.}* Basal pretreatment

fecal samples were collected from 14/48 patients with these
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o

FIGURE 1 Swimmer plot of
progression-free survival for

14 patients with basal fecal sample in
the CAVE-mCRC trial [Color figure
can be viewed at
wileyonlinelibrary.com]
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(A,B) Expression of Aghatobacter M104/1 (A) and Blautia SR1/5 (B) in the basal fecal samples of long responders and responders in

CAVE-mCRC trial. (C,D) Kaplan-Meier estimates of progression-free survival according to presence or absence in the basal fecal samples of
Aghatobacter M104/1 (C) and Blautia SR1/5 (D) in CAVE-mCRC trial [Color figure can be viewed at wileyonlinelibrary.com]

characteristics (Table S3). All these 14 patients with plasma ctDNA
RAS/BRAF WT and with MSS tumor had left-sided primary CRC (the
primary tumor was located in the sigma or in the rectum) and
underwent surgery for primary tumor removal before systemic anti-
cancer treatment. Five patients with PFS of more than 9 months

(range: 9-24 months), defined as long-term responders and nine
patients with PFS ranging from 2 to 6 months, defined as responders,
were identified (Figure 1; Figure S1 for OS).

Gut microbiota species were genetically evaluated by bacteria
16S rRNA sequencing. This allowed to identify 23 027 species
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FIGURE 4

Swimmer plot of progression-free survival for 10 patients with basal fecal sample analysis in the CAVE-Lung trial [Color figure can
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Aghatobacter M104/1 (C) and Blautia SR1/5 (D) in CAVE-Lung trial [Color figure can be viewed at wileyonlinelibrary.com]

(data not shown). Higher expression of 10 gut microbiota species was
associated with better PFS in these patients, whereas opposite corre-
lation with PFS was found for the other five species (Table S4). By
performing comparative and quantitative analysis between long-term
responders and responders, two bacteria species, that could be
involved in host immune modulation, as butyrate-producing bacteria
(11), were differentially expressed in the basal fecal samples: Bacteria,

Firmicutes, Clostridia, Agathobacter

Clostridiales, Lachnospiraceae,

M104/1 (P = .023) and Bacteria, Firmicutes, Clostridia, Clostridiales,
Lachnospiraceae, Blautia SR1/5 (P = .018; Figure 2A,B). To further
investigate how these two gut microbiota species could correlate with
therapy outcomes, PFS Kaplan-Meier estimates were calculated
according to their presence or absence in the basal fecal samples. Sig-
nificantly better PFS was observed for those patients with either
Agathobacter M104/1 or Blautia SR1/5 positive fecal samples as com-
pared to patients with negative fecal samples (Figure 2C,D). In fact,
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for Agathobacter M104/1, median PFS (mPFS) was 13.5 months (95%
confidence interval [Cl], 6.5-20.5 months) vs 4.6 months (95% Cl,
1.8-7.4 months); P = .006. For Blautia SR1/5, mPFS was 5.9 months (95%
Cl, 2.2-9.7 months) vs 3.6 months (95% Cl, 3.3-4.0 months); P = .021.

To extend and to validate the results observed in CAVE-mCRC trial,
we performed a similar assessment in NSCLC patients, that were treated
in CAVE-Lung trial, in which they received the same combination of
cetuximab plus avelumab. In 10 NSCLC patients, whose basal fecal sam-
ples were available for gut microbiota analysis (see Table S5 for patient
characteristics), two subgroups were identified: four long-term responders
with PFS of more than 8 months (range, 8-32 months) and six responders
with shorter PFS (range, 1.4-5 months) (R) (Figure 3; see Figure S2 for
0S). A similar number of gut microbiota species were identified in the
fecal samples of NSCLC patients as compared to mCRC patients (data
not shown). Higher expression was associated with better PFS for 92 gut
microbiota species, whereas a negative correlation with PFS was
observed for nine species (Table Sé). Analysis of the basal fecal samples
from patients with NSCLC treated in the CAVE-Lung trial identified for
both Agathobacter M104/1 (P = .016) and Blautia SR1/5 (P = .0008) dif-
ferential expression according to antitumor activity of cetuximab plus
avelumab (Figure 4AB). Kaplan-Meier estimates for PFS, which were cal-
culated according to the presence or the absence of Agathobacter or of
Blautia species in basal pretreatment fecal samples, revealed different PFS
for CAVE-Lung patients. Median PFS was 7.8 months (95% Cl,
1-20 months) for patients with basal fecal samples, that were positive for
Agathobacter M104/1, vs 1.4 months (95% Cl, 0.6-2.1 months) for
patients with negative samples; P = .002. For Blautia SR1/5, mPFS was
7.8 months (95% Cl, 1.2-14.3 months) for positive cases vs 1.8 months
for negative cases (95% Cl, 1.7-1.8 months; P = .018; Figure 4C,D).

4 | DISCUSSION

A complex relationship takes place between the host and gut micro-
biota in normal physiology. In several human diseases, gut microbiota
could modulate disease development and progression and could
potentially interfere with treatment efficacy.?? It may play a key role
also in human cancer, including the ability to modulate host immune
response.?222 |n this context, there is increasing evidence for the cor-
relation of gut microbiota with cancer immunotherapy activity and
toxicity.2*2¢ In preclinical in vivo animal models, antitumor efficacy of
CTLA-4 blockade was related to the presence of selected gut micro-
biota species, by a mechanism that could involve suppression of

CD4+ T cell infiltration in tumor microenvironment.?®

Similar findings
were also reported for anti-PD-1/PD-L1 treatment in germ-free or in
antibiotic-treated mice, in which fecal microbiota transplantation was
able to restore IC| efficacy.?”2®

Recently, we and others have provided the first clinical evidence
of antitumor activity of cetuximab plus avelumab, via combined EGFR
and PD-L1 blockade, in chemo-refractory metastatic CRC, NSCLC and
squamous anal cancer.!*%2? Here we report the results of an
exploratory analysis of basal, pretreatment fecal samples from two

cohorts of patients, that received cetuximab plus avelumab within

CAVE-mCRC and CAVE-Lung trials. None of these patients received
antibiotic therapy, which could affect gut microbiota biodiversity. Fur-
ther, for the mCRC cohort, all patients had left-sided primary tumor,
which was surgically removed (in most cases, by left-hemicolectomy)
before first-line systemic therapy. Two gut microbiota species
(Agathobacter M104/1 and Blautia SR1/5) were identified in mCRC
patients, that had the best clinical outcome. The presence of either bac-
teria species correlated with significantly longer PFS. An obvious limita-
tion of our analysis is the low number of patients that could negatively
affect the significance of the data, and the high number of statistical
tests that were performed, which is associated with an increased risk of
false-positive association of outcome with the presence of some bacte-
ria species. In this respect, the biological plausibility of the association
of clinical outcome with two butyrate-producing intestinal bacteria spe-
cies is relevant as well as it is important that similar findings were
observed in two completely different disease settings; in fact, the same
bacteria were found to be correlated with clinical outcomes in the
mCRC cohort and in the NSCLC patient validation cohort.*°

Several studies have demonstrated the influence of gut micro-
biota diversity on immunotherapy efficacy. In this context, antibiotic
treatment, by altering intestinal microbiota composition, negatively
affected ICI therapy in NSCLC, renal cell carcinoma, and urothelial
cancer patients, with significantly shorter PFS and OS in antibiotic-
treated patients.?®31%2 Qualitative evaluation of gut microbiota spe-
cies found significant abundance of classified and unclassified
Firmicutes, Akkermansia and Alistipes bacteria genera in anti-PD-1
mAb-responding NSCLC patients.? In particular, production of buty-
rate, a short-chain fatty acid, by the two Agathobacter and Blautia spe-
cies, which have been found in the basal fecal samples of long-term
responding patients from CAVE-mCRC and CAVE-Lung trials, may in
part explain the mechanism(s) by which these bacteria could increase
cetuximab plus avelumab antitumor activity. Butyrate is a key modula-
tor of host immune reactivity in both physiologic and pathologic con-
ditions through activation of innate and adaptive immunity.3® In this
respect, it has been recently demonstrated that dietary supplement of
pectin, which is metabolized to butyrate by gut microbiota, increased
butyrate production and enhanced anti-PD-1 mAb efficacy in tumor-
bearing mice, which were humanized with gut microbiota from
patients with CRC (26). Increased immunotherapy efficacy was
accompanied by T cell infiltration in tumor microenvironment.>*

In conclusion, here we provide clinical evidence that two
butyrate-producing intestinal bacteria (Agathobacter M104/1 and
Blautia SR1/5) could favorably modulate host immune response and
could be potential biomarkers for cetuximab plus avelumab antitumor
activity in metastatic and chemo-refractory CRC and NSCLC patients.
The major limitation of these findings is the exploratory nature of the
analysis with the limited number of patients. The results of this pilot
study need to be extended and validated in further clinical studies. In
this respect, we are currently starting a large multicenter randomized
phase Il trial (CAVE-mCRC 2, EudraCT Number: 2021-004593-36) to
investigate rechallenge with cetuximab plus avelumab vs cetuximab in
chemo-refractory RAS WT mCRC patients with basal plasma ctDNA
RAS/BRAF WT tumor. Our study could allow the prospective
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evaluation of the predictive role of gut microbiota for cetuximab plus

avelumab treatment.
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