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ABSTRACT

Objective: To investigate an association between the gut microbiome and efficacy of
poly(ADP-ribose) polymerase inhibitors (PARPI) in ovarian cancer.

Methods: This study conducted fecal microbiome analysis (16S rRNA gene sequencing)

and circulating tumor DNA (ctDNA) profiling for ovarian cancer patients who underwent
PARPi maintenance therapy. Fecal and blood samples were collected at the baseline and

the progressive disease (PD) or last follow-up. The relative abundance of gut microbes and
progression-free survival (PFS) were analyzed using linear discriminant analysis of effect size
and the Cox proportional hazard model according to BRCA1/2 mutation (BRCAI/2mut) status
detected by ctDNA sequencing.
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Results: Baseline samples were available from 23 BRCA1/2mut-positive patients and 33
BRCAI/2mut-negative patients. The microbes enriched in the baseline samples with long PFS
were Bifidobacterium, Roseburia, Dialister, Butyricicoccus, and Bilophila for BRCAI/2mut-positive
patients and Phascolarctobacterium for BRCAI/2mut-negative patients. In multivariate analyses
dividing patients by the median values of relative abundances, no bacteria were associated with
PFS in BRCAI/2mut-positive patients, whereas high Phascolarctobacterium abundances (>1.11%)
was significantly associated with longer PFS in BRCAI/2mut-negative patients (median 14.0

vs. 5.9 months, hazard ratio=0.28; 95% confidence interval=0.11-0.69; p=0.014). In the last
samples, the relative abundances of Phascolarctobacterium were significantly higher in patients
without PD (n=5) than those with PD (n=15) (median 1.25% vs. 0.06%; p=0.016).

Conclusion: High fecal composition of Phascolarctobacterium was associated with prolonged
PFS in patients with BRCA1/2mut-negative ovarian cancer receiving PARPi therapy. Our results
would provide new insights for future research.

Keywords: Gut Microbiome; Circulating Tumor DNA; Ovarian Cancer; PARP Inhibitor;
Maintenance; Progression-Free Survival

Synopsis

Fecal bacterial composition was analyzed in 56 patients with ovarian cancer treated with
poly(ADP-ribose) polymerase inhibitors. BRCAI/2 mutations (BRCAI/2mut) were detected
in 23 patients by circulating tumor DNA analysis. No bacteria relevant to progression-
free survival (PFS) was found in BRCAI/2mut-positive patients. High composition of
Phascolarctobacterium was associated with longer PFS in BRCAI/2mut-negative patients.

INTRODUCTION

Ovarian cancer is the deadliest gynecological cancer [1]. Approximately a half of ovarian
cancers have DNA homologous recombination deficiency (HRD), commonly caused by
mutations in BRCAI/2 [1]. Poly(ADP-ribose) polymerase inhibitors (PARPi) target HRD
tumors via a synthetic lethal approach [2]. PARPi was developed as a maintenance therapy
for patients who responded to platinum-based chemotherapy and showed remarkable
improvement in progression-free survival (PFS) in ovarian cancer [1,2]. However, short-
term responders are often observed especially in patients without BRCAI/2 mutations
(BRCAI/2mut), and even long-term responders acquire resistance to PARPi [2]. Resistance
mechanisms are not fully understood [2]. Recent studies have revealed another mechanism
of action for PARPi: an induction of antitumor immune cell responses via the activation of
DNA-sensing type I interferon pathway [3].

The gut microbiome promotes host immune responses by interacting with
immunocompetent cells using microbiota-derived metabolites such as short-chain fatty acids
(SCFAs), and influences cancer treatment efficacy across various cancers [4]. Previous studies
have suggested that commensal microbiomes might contribute to the etiology, disease
severity, and treatment outcomes of ovarian cancer [5,6]. However, the gut microbiome
profile implicated in PARPi efficacy remains unclear.

This study is a prospective observational multicenter study of patients enrolled in

SCRUM-Japan MONSTAR-SCREEN, a nationwide plasma genomic and fecal microbiome
profiling study involving 31 institutions in Japan [7]. Here, we report the landscape of the
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gut microbiome in patients with ovarian cancer and the distinct gut microbiome profile
associated with PARPI efficacy using 16S rRNA gene sequencing and circulating tumor DNA
(ctDNA) analyses.

MATERIALS AND METHODS

1. Study design and patients

We recruited patients with ovarian cancer from July 2019 to September 2021, who were
age >20 years, received systemic chemotherapy for advanced disease, and provided
written informed consent. We excluded patients who had no response to platinum-based
chemotherapy, no PARPI therapy, and no baseline samples. All patients were followed up
until the data cutoff. The data-cutoff date was June 2023. Patients with lost to follow-up,
consent withdrawal, or missing data were removed from analysis.

Fecal and blood samples were collected at two points: 1) before or immediately after the start
of PARPi treatment (baseline sample) and 2) at progressive disease (PD) or the last follow-up
during the period from December 2021 to January 2022 (last sample).

Anonymized clinicopathological and genotyping data were collected using an electronic
data-capture system. Nucleotide and amino acid sequences were referenced to the RefSeq
Reference Sequence. Disease progression was assessed according to the Response Evaluation
Criteria in Solid Tumors v1.1. More details are provided in the study protocol (Method S1).

This study was conducted in accordance with the Declaration of Helsinki and Japanese
Ethical Guidelines for Medical and Health Research Involving Human Subjects. This study
was conducted according to the Strengthening the Reporting of Observational Studies

in Epidemiology (STROBE) reporting guideline. The study protocol was approved by the
Institutional Review Boards of the participating institutions and was registered in the
University Hospital Medical Information Network (UMINO00036749).

2. Fecal microbiome analysis

Sample collection, DNA extraction, and 16S rRNA gene sequencing were performed as
described previously [8]. After 16S rRNA gene sequencing, taxonomic annotation (FASTQ
files) using QIIME2 (v2022.4) was performed [9]. Low-quality sequences in the FASTQ data
were filtered, and the DADA?2 algorithm [10] was used to correct errors in the sequences,
followed by the generation of a read count table of amplicon sequence variants (ASVs). The
reads were rarefied to 38807 reads, the minimum number of reads for all samples. Next,

a phylogenetic analysis was conducted using the SILVA database (v138) [11] to obtain the
number of reads through taxonomy. The microbial metadata in the database were added to
the taxonomy in the following order: species, genus, order, class, and phylum. If it did not
exist in the database, it was classified as ‘unknown.’ Unweighted UniFrac distance matrices
were obtained using the QIIME2 command. A principal coordinate analysis (PCoA) was
performed on the matrices. Alpha-diversity was calculated using the number of ASVs [8].

3. ctDNA genotyping

Next-generation sequencing analysis of ctDNA was performed using FoundationOne® Liquid
CDx (Foundation Medicine, Boston, MA, USA), which targets 324 gene alterations as well as
biomarkers such as microsatellite instability and blood tumor mutation burden [12].
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4. Statistical analysis

For fecal microbiome analysis, patients were divided into long-term responders (LTR) and
short-term responders (STR) according to the median PFS in patients with BRCAI/2mut
detected by baseline ctDNA sequencing (BRCAI/2mut-positive) and in patients without the
mutations (BRCAI/2mut-negative), respectively. The linear discriminant analysis (LDA) of
effect size (LEfSe) was used to estimate the effect size of each differentially abundant feature
with the threshold of an LDA score (logl0) of +2.0 [13]. Alpha diversity was compared
between the 2 groups using the Mann—-Whitney U test. Permutation multivariate analysis of
variance was performed to test for beta diversity.

The clinicopathological factors relevant to gut bacterial composition were assessed using a
binary logistic regression model. The magnitude of statistical significance was expressed as
odds ratio (OR) and 95% confidence interval (CI). The clinicopathological factors included
in the analyses were age, body mass index, history of lifestyle-related diseases, histology, and
maintenance therapy setting, and medication use.

PFS was measured from the date of initiation of PARPI therapy to the date of PD or death.
The PFS rate was estimated using the Kaplan—Meier method, and the difference in PFS
between the two groups was analyzed using the log-rank test. Multivariate analysis of PFS
was performed using the Cox proportional hazards model and hazard ratios (HRs) and
95% CI were calculated. Patients were classified into 2 groups with high and low relative
abundances of gut microbes based on the median value in each of the BRCAI/2mut-positive
and BRCAI/2mut-negative patients. The clinicopathological factors included in the analyses
were age, histology, and maintenance therapy setting.

To compare the distribution of factors between 2 groups, Fisher’s exact test for categorical
variables and Mann-Whitney U test for continuous variables were used. A 2-sided p-value

of <0.05 was set as significant in all analyses. Adjustment of multiple comparison was not
applied because of the exploratory nature of the study. All statistical analyses other than fecal
microbiome analyses were performed using EZR (Jichi Medical University, Saitama, Japan),

a graphical user interface for R (R Foundation for Statistical Computing, Vienna, Austria) [14].

RESULTS

1. Patients

Among 110 patients with ovarian cancer enrolled in the MONSTAR-SCREEN study, 56 patients
were included in the analyses (Fig. 1A). The clinical characteristics of the 56 patients are
presented in Table 1. All patients were Japanese female with a median (interquartile range; IQR)
age of 58 years (50, 66 years). The median (IQR) body mass index was 21 kg/m? (18, 24 kg/m?),
and approximately 20% of patients had a history of lifestyle-related diseases such as diabetes,
hypertension, and hyperlipidemia. All patients underwent maintenance therapy with a PARPi
after responding to platinum-based chemotherapy. Most patients (n=54) underwent PARPi
monotherapy, and the remaining patients underwent combination of PARPi and bevacizumab
(n=2). Only 4 patients had HRD test results for their tumors, and 2 were positive. Twelve patients
(21.4%) received antibiotics prior to PARPi treatment and 3 (5.4%) during PARPI treatment.
Information on medications other than antibiotics prior to PARPi treatment was collected
through a patient questionnaire, and the answers were obtained from 39 of the 56 patients
(69.6%). Of these, proton pump inhibitors were used in 3 (7.7%) and probiotics in 9 (23.1%).
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A Patients

Ovarian cancer patients Patients excluded from the study (n=54)
treated with platinum-based - No response to platinum-based chemotherapy (n=23)
chemotherapy - No baseline PARPi samples (n=22)
(n=110) - No PARPi maintenance therapy (n=9)

v

Patients analyzed (n=56)

B Samples
Data-cutoff
PARP inhibitor maintenance therapy )”
J
Y

Circulating Baseline samples Last samples
BRCA1_/2 with PD without PD
mutatlorl collected at PD collected at the last follow-up
at baseline

(=]
15 5
(=] B 5.

Blood

Positive

Negative

Fig. 1. Patients and samples. (A) Patients. Among 110 patients with ovarian cancer enrolled in the MONSTAR-
SCREEN study, 56 patients who underwent PARPi maintenance therapy after the response to platinum-based
chemotherapy and provided baseline blood and fecal samples were analyzed. (B) Samples. Baseline samples
were collected before or immediately after the start of PARPi treatment. Last samples were collected at PD or the
last follow-up during the period from December 2021 to January 2022.

PARPI, poly(ADP-ribose) polymerase inhibitor; PD, progressive disease.

The median day from the start of PARPi treatment to baseline-sample submission was
0 (IQR, -3, +13) for fecal samples and O (IQR, -3, 0) for blood samples.

Thirty-four (60.7%) patients had PD at a median (IQR) follow-up of 28.4 (25.4, 32.4) months.
Thirty fecal and 48 blood last samples were obtained (Fig. 1B).

2. ctDNA analysis

The most frequently detected gene at baseline was TP53 (n=27, 48%), followed by BRCAI
(n=15, 27%), CHEK2 (n=9, 16%), BRCA2 (n=8, 14%), and ATM (n=4, 7%). The median (IQR)
variant allele fraction of BRCAI/2mut was 49.3% (48.4%—51.5%), suggesting a germline
origin. The variant allele fraction of other genes was below 20%, except for one RAD5IC
mutation (48.8%).

In the baseline samples, BRCAI/2mut were not detected in 33 samples (59%), including three
samples (5%) without valid results from ctDNA sequencing. Biomarkers of blood tumor
mutation burden and microsatellite instability were low or unavailable in all 56 samples,
probably because the tumor response to prior chemotherapy resulted in low plasma tumor
fractions at the time of sample collection.
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Table 1. Baseline characteristics of patients

Characteristics Overall (n=56) BRCA mutation status
Negative (n=33) Positive (n=23) p-value*
Age (yr) 58 (50, 66) 60 (50, 70) 55 (50, 65) 0.193
Body mass index (kg/m?)t 21 (18, 24) 21 (19, 23) 21 (18, 24) 0.780
Lifestyle-related diseases
No 44 (78.6) 28 (84.8) 16 (69.6)
Yes 12 (21.4) 5(15.2) 7 (30.4)
Histology 0.383
High-grade serous carcinoma 47 (83.9) 26 (78.8) 21 (91.3)
Endometrioid carcinoma 2(3.6) 2(6.1) 0(0.0)
Clear cell carcinoma 2(3.6) 2(6.1) 0(0.0)
Mucinous carcinoma 1(1.8) 1(3.0) 0(0.0)
Other 4(7.1) 2 (6.1) 2 (8.7)
Drug 0.416
Olaparib 52 (92.9) 29 (87.9) 23 (100.0)
Niraparib 2(3.6) 2 (6.1) 0(0.0)
Olaparib plus bevacizumab 2 (3.6) 2(6.1) 0(0.0)
Maintenance therapy setting 0.229
First line chemotherapy 16 (28.6) 7 (21.2) 9(39.1)
Second or later line chemotherapy 40 (71.4) 26 (78.8) 14 (60.9)
Antibiotic use prior to PARPi treatment’ 0.742
No 49 (75.0) 95 (75.8) 17 (73.9)
Yes 12 (21.4) 6(18.2) 6 (26.1)
Antibiotic use during PARPi treatment 0.067
No 53 (94.6) 33 (100.0) 20 (87.0)
Yes 3(5.4) 0(0.0) 3(13.0)
Baseline sample submission (day)*
Feces 0 (-3, +13) 0 (-2, +13) -1(-4,+12) 0.894
Blood 0(-3,0) 0(-3,0) 0 (-5, 0) 0.590
Homologous recombination-related gene alterations in ctDNA
ATM 4(7.1) 2(6.1) 2(8.7) 1.000
BRCA1 15 (26.8) 0(0.0) 15 (65.2) -
BRCA2 8 (14.3) 0(0.0) 8 (34.8) -
CHEK2 9(16.1) 7(21.2) 2(8.7) 0.282
PALB2 1(1.8) 0(0.0) 1(4.3) 0.411
RAD51C 1(1.8) 1(3.0) 0(0.0) 1.000

Values are presented as median (interquartile range) or number (%).

CtDNA, circulating tumor DNA; PARPi, poly(ADP-ribose) polymerase inhibitors.

“p-values were calculated using Fisher’s exact test for categorical variables and the Mann-Whitney U test for continuous variables comparing the distribution of
the factors between the 2 columns (patients without BRCAT/2 mutations vs. patients with BRCA1/2 mutations).

TData on body mass index and antibiotic use prior to PARPi treatment was missing in two patients.

*Based on the start date of PARPi.

Baseline clinical characteristics did not differ according to BRCAI/2mut status (Table 1).
Other homologous recombination-related gene mutations (n=15) were found in ten
BRCA1/2mut-negative patients. Ten BRCAI/2mut-positive patients (44%) and 24 BRCA1/2mut-
negative patients (73%) had PD. The median PFS was unattained and 9.2 months in
BRCAI/2mut-positive and BRCAI/2mut-negative patients, respectively (HR=0.35; 95%
CI=0.16-0.73; p<0.01) (Fig. S1).

All of the last samples had valid results from ctDNA sequencing. Twenty-one BRCAI/2mut-
positive patients submitted the last samples, in which the same BRCAI/2mut were detected
as those in the baseline samples, with a median (IQR) variant allele fraction of 49.6%
(49.1%, 50.2%). Secondary reversion mutations in BRCAI were detected in 2 of 6 (33.3%)
BRCAI/2mut-positive patients with PD (Fig. $2). No other gene alterations known to
contribute to resistance were identified in patients with PD [2].
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3. Fecal microbiome analysis
First, fecal baseline samples were examined to determine whether the composition of the gut
microbiota differed according to BRCAI/2mut status. Antibiotic use prior to PARPI treatment
was 6 (19%) in BRCA1/2mut-positive patients and 6 (26%) in BRCAI/2mut-negative patients,
with no difference between the 2 groups (p=0.742). Alpha diversity (Fig. 2A), beta diversity
(Fig. 2B), and phylum-level composition (Fig. 2C) did not differ according to the BRCAI/2mut
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Fig. 2. Landscape of gut microbiome based on BRCAT/2mut status. (A) Violin plot of the number of amplicon sequence variants to compare taxonomic richness
(alpha diversity). (B) PCoA plot (beta diversity). (C) Phylum-level microbial composition. (D) LEfSe representation of microbial relative abundance comparing

between patients with and without BRCAT/2mut.
ASVs, amplicon sequence variants; BRCAT/2mut, BRCA1/2 mutation; f, family; g, genus; LDA, linear discriminant analysis; LEfSe, linear discriminant analysis of
effect size; PCoA, principal coordinate analysis; PERMANOVA, permutation multivariate analysis of variance.
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status. LEfSe analysis revealed genus-level compositional difference between BRCAI/2mut-
positive and BRCA1/2mut-negative patients; Incertae Sedis, Christensenellaceae R-7 group, DTUOS9,
and UCG-0I0were enriched in BRCAI/2mut-negative patients, whereas no enriched genera
were detected in BRCAI/2mut-positive patients (Fig. 2D). The median (IQR) relative
abundance of genus enriched in BRCAI/2mut-negative patients was 0.68% (0.19%, 2.26%),
0.24% (0.01%, 0.68%), 0.03% (0.01%, 0.11%), and 0% (0%, 0.02%), respectively.

Next, the relative abundance of microbes in the fecal baseline samples was analyzed separately
in BRCAI/2mut-positive and BRCAI/2mut-negative patients. In BRCAI/2mut-positive patients,
the cutoff PFS was set at 18 months based on the results of previous studies [2], because

the actual median PFS was unattained; Bifidobacterium, Roseburia, Dialister, Butyricicoccus, and
Bilophila were enriched in the LTR, and Faecalicoccus and Enorma were enriched in the STR

(Fig. 3A). In BRCAI/2mut-negative patients, the median PFS of 9 months was used as the
cutoff; Phascolarctobacterium and Rothia were enriched in the LTR, and Merdibacter, DTU0S9,
Gordonibacter, and Subdoligranulum were enriched in the STR (Fig. 3B). Of these bacteria,
Dialister, Faecalicoccus, Enorma, and Rothia were not detected in over 50% of the fecal samples, and
their median abundances could not be obtained. Multivariate analyses excluding these bacteria
showed that no bacteria were associated with PFS in BRCAI/2mut-positive patients (Fig. 3C),
while high relative abundances of Phascolarctobacterium (>median of 1.11%) was significantly
associated with a long PFS in BRCAI/2mut-negative patients (median PFS 14.0 vs. 5.9 months,
HR=0.28; 95% CI=0.11-0.69; p=0.014) (Fig. 3D). Antibiotic use during PARPi treatment was
3 (13%) in BRCAI/2mut-positive patients, but none in BRCAI/2mut-negative patients.

Furthermore, the multivariate analysis including age, histology, maintenance therapy
setting, and Phascolarctobacterium relative abundance, showed that the high relative
abundance of Phascolarctobacterium was independently associated with longer PFS (HR=0.37;
95% CI=0.16-0.85; p=0.019) (Table S1).

The actual PFS plots according to the relative abundance of Phascolarctobacterium is shown in
Fig. 4. The accuracy of the cutoff value 0f 1.11% was 0.73 (95% CI=0.64—-0.96) with sensitivity
of 75% and specificity of 71% for predicting the PFS over 9 months.

The genus of Phascolarctobacterium was not detected in one-third of the BRCAI/2mut-negative
fecal samples (n=11). We performed another analysis in the same way dividing patients into
undetected and detected for Phascolarctobacterium and obtained the similar result (median PFS
14.0 vs. 5.2 months, HR=0.27; 95% CI=0.12-0.63; p=0.001) (Fig. $3). No factors, such as
age, body mass index, history of lifestyle-related diseases, histology, maintenance therapy
setting, and antibiotic use prior to PARPi treatment, were associated with the detection of
Phascolarctobacterium (Table S2).

Finally, compositional changes of Phascolarctobacterium were analyzed in paired samples from
20 BRCAI/2mut-negative patients (Fig. 1). Five patients without PD submitted the samples

at the last follow-up and 15 patients submitted them at PD. The median (IQR) intervals
between the initiation of PARPi therapy and last-sample submission were 10.0 (7.8, 11.1)
months in the patients without PD (n=5) and 5.5 (4.2, 9.8) months in the patients with PD
(n=15). The Phascolarctobacterium relative abundances showed no consistent dynamics in

both samples with and without PD (Fig. 5A), while they were significantly higher in the last
samples of patients without PD than in those of patients with PD (median [IQR], 1.25%
[1.16%, 2.37%] vs. 0.06% [0%, 0.99%]; p=0.016) (Fig. 5B). The relative abundances of other
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Fig. 3. Microbial compositions and PFS. LEfSe representation of microbial relative abundance between LTR (green) and STR (red) in fecal baseline samples of
(A) patients with BRCA1/2mut and (B) patients without BRCAT/2mut. Multivariate analyses of enriched bacteria for PFS in (C) patients with BRCAT/2mut and
(D) patients without BRCAT/2mut.
BRCAT/2mut, BRCAT/2 mutation; c, class; Cl, confidence interval; f, family; g, genus; HR, hazard ratio; LDA, linear discriminant analysis; LEfSe, linear
discriminant analysis of effect size; LTR, long-term responder; o, order; p, phylum; PFS, progression-free survival; STR, short-term responder.
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Fig. 4. Kaplan-Meier estimate plots of PFS according to relative abundances of Phascolarctobacterium in patients
without BRCAT/2mut.

BRCAT/2mut, BRCAT/2 mutation; Cl, confidence interval; HR, hazard ratio; NE, not estimable; PFS, progression-
free survival.

bacteria did not show any consistent changes between the baseline and last samples (Fig. 5A)
and any differences between samples with and without PD in the last samples (Fig. 5B).

The number of paired samples in the BRCAI/2mut-positive patients was too small as 10 to analyze.

DISCUSSION

This study revealed that a high composition of Phascolarctobacterium in the fecal microbiome
was associated with a long PFS of PARPi therapy in BRCAI/2mut-negative patients with
ovarian cancer. The patient characteristics, prevalence of BRCAI/2mut, and PFS of PARPi
therapy in this study were consistent with those of previous studies conducted in Europe and
the United States [2].

BRCAI/2mut are potent predictive factors of PARPI efficacy through synthetic lethality
targeting HRD [2], and indeed a large difference of PFS was observed between BRCAI/2mut-
positive and BRCAI/2mut-negative patients in this study. Microbial diversity in the baseline
fecal samples did not differ between BRCAI/2mut-positive and BRCAI/2mut-negative patients,
although some genus-level compositions were different. BRCA1/2mut carriers are reported to
have a progesterone—estrogen imbalance that may lead to commensal microbial differences
in BRCA1/2mut status [6]. Further research is required to clarify the association between
germline BRCAI/2mut and the gut microbiome, with respect to carcinogenesis and tumor
progression in ovarian cancer.

A profile of the gut microbiome associated with the efficacy of PARPi was not found in
BRCA1/2mut-positive patients. Antibiotic use during PARPi treatment was recognized in
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Fig. 5. Paired-sample analysis for gut microbes in patients without BRCA1/2 mutations. (A) Changes in relative abundances between baseline and last samples
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PARPI, poly(ADP-ribose) polymerase inhibitor; PD, progressive disease.
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a part of BRCAI/2mut-positive patients (13%), which may have altered the gut microbiota
composition and influenced the results. However, our BRCAI/2mut-positive patients exhibited
excellent long-term PFS with a median of 24 months or more, and the impact of antibiotic
use on our results seemed small. Bifidobacterium, Roseburia, and Butyricicoccus enriched in the
LTR can produce SCFAs enhancing the antitumor activity of CD8"* T-cells [4,15], and these
bacteria might contribute to prolonged PFS. Further studies with larger sample sizes and
longer observation periods are needed for BRCAI/2mut-positive patients.

High relative abundance of Phascolarctobacterium was substantially associated with a long PFS
in BRCAI/2mut-negative patients. In the analysis, we used a median relative abundance of
1.11% as the cutoff to divide patients into 2 groups: high and low abundances. Multivariate
analysis showed that the high relative abundance of Phascolarctobacterium was independently
associated with longer PFS. These findings imply that Phascolarctobacterium is a pivotal gut
bacterium that predicts the efficacy of PARPI therapy in ovarian cancer. In addition, the result
of the last sample analyses, the higher relative abundance in patients without PD than those
with PD, supported this inference.

Phascolarctobacterium are commensal bacteria in the gut and play a role in the fermentation of
carbohydrates [16]. They are known to produce SCFAs, particularly propionate and acetate,
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which are associated with various beneficial effects on the host metabolism and immunity
[4,16]. In a preclinical study, Phascolarctobacterium induce local and systemic accumulation

of interferon-y* CD8" T cell [17]. Phascolarctobacterium are associated with the response to
immune checkpoint inhibitors in patients with various cancers [18-21]. We speculate that a
high composition of Phascolarctobacterium may promote host antitumor immunity and enhance
the efficacy of PARPi. However, further research is needed to elucidate its cellular and
molecular mechanisms.

Our analysis also revealed that certain bacteria, such as Subdoligranulum, Gordonibacter, DTU089,
and Merdibacter tended to be present in higher abundance in patients who experienced
particularly short PFS. This finding suggests that testing for fecal abundances of these
bacteria might be valuable in identifying patients who are potentially resistant to PARPi
therapy. However, this observation requires further validation through preclinical models and
additional patient cohorts.

To date, various clinical factors, such as age, dietary fiber intake, individual genetic
variations, and medical history, are known to affect gut microbiome [4]. Antibiotics, proton
pump inhibitors, and probiotics can alter gut microbiota composition [4]. In this study,
however, information on the medication other than antibiotics was insufficient to analyze.
We conducted a multivariate analysis examining the association between Phascolarctobacterium
detection and factors including age, BMI, histology, presence of lifestyle-related diseases,
treatment setting, and antibiotic use prior to PARPI treatment. This analysis revealed no
significant associations. However, future studies with larger cohorts and more detailed
medical information could help clarify the relationship between Phascolarctobacterium
abundance, patient characteristics, and clinical outcomes.

The patients in this study received platinum-based chemotherapy before the submission of
fecal samples. Previous studies have reported a possible association between the response

to chemotherapy and the commensal microbiome in patients with ovarian cancer [22,23].
However, the gut microbiome associated with platinum sensitivity remains unknown, and

its association with tumor HRD status is unclear. Only 4 patients in our cohort had available
HRD test results for their tumors, of which 2 were positive. Due to this small sample size with
known HRD status, we were unable to conduct a meaningful analysis of how tumor HRD
status might have influenced our results. However, all patients in our study were platinum-
sensitive, which may suggest that the impact of HRD status on our findings could be limited.

Several large-scale analyses demonstrated that ethnicity contributes to variations in
microbiota composition [4,24]. The gut microbiome of Asian populations is characterized
by remarkable diversity and richness, with prominent genera including Prevotella, Bacteroides,
Lactobacillus, Faecalibacterium, Ruminococcus, Subdoligranulum, Coprococcus, Collinsella, Megasphaera,
Bifidobacterium, and Phascolarctobacterium [24]. This profile differs from those typically observed
in European and African ethnicities. However, a Norwegian study on gut microbiome
associated with colorectal cancer detected Phascolarctobacterium as commensal bacteria,
suggesting some commonalities across different ethnic groups [25]. Thus, differences in the
gut microbiome between ethnic groups are evident, and the results of this study should be
validated in non-Asian ethnic groups.

We suggest that specific gut microbiome profiles, particularly the abundance of
Phascolarctobacterium, could potentially serve as predictive biomarkers for PARPi efficacy.
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With further validation, this could lead to the development of a microbiome-based test to
help identify patients most likely to benefit from PARPi therapy. Patients with favorable
microbiome profiles might be prioritized for PARPi treatment, while those with less favorable
profiles might be considered for alternative therapies.

Numerous intervention trials targeting the gut microbiome are currently ongoing in patients
undergoing immune checkpoint inhibitor therapy, including fecal microbiota transplantation
and combination with butyrate-producing bacteria [4,26-28]. Our results suggest that similar
interventions may be effective in enhancing PARPi efficacy. Potential strategies include
probiotic supplementation to increase beneficial bacteria like Phascolarctobacterium, dietary
interventions to promote a favorable gut microbiota composition, and fecal microbiota
transplantation from patients who responded well to PARPi treatment.

Regarding the introduction of stool-based microbiome testing into clinical practice, there
are concerns about its feasibility and acceptability. However, rapid progress in sequencing
technologies and bioinformatics is making microbiome testing more cost-effective and
scalable for clinical use [29]. Unlike a colonoscopy or blood draw, stool samples can be
collected at home, minimizing discomfort and inconvenience. In recent years, growing
evidence has suggested that the gut microbiome modulates the efficacy and toxicity of
cancer therapy [4]. As the importance of the microbiome in health becomes more widely
recognized, patients would gradually accept such tests.

Other limitations of this study include: the small sample size without a validation cohort,
lack of analyses of tumor samples, such as the presence of tumor-infiltrating lymphocytes,
and the possibility of ethnic disparity in the gut microbiome. Further studies are needed to
address these limitations.

In conclusion, this study demonstrated a favorable association between the fecal
composition of Phascolarctobacterium and PARPI efficacy in BRCAI/2mut-negative patients with
ovarian cancer. Our results provide a microbial foundation for future studies that impact
PARPi treatment strategies.

SUPPLEMENTARY MATERIALS

Method S1
SCRUM-Japan MONSTAR-SCREEN Protocol.

Table S1
Multivariate analysis of clinicopathological factors associated with PFS in patients without
BRCA1/2 mutations

Table S2
Clinicopathological factors associated with Phascolarctobacterium detection

Fig. S1

PFS stratified using BRCA1/2mut status. PFS was significantly different between patients with
and without BRCA1/2mut.
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Fig. S2

Secondary reversion mutations of BRCAI in the circulating DNA of patients with disease
progression. In Patient #1, the presumed germline variant (c.3640G>T) changes glycine to

a terminal codon, and the secondary mutation (c.3640_3641>TG) changes it to tryptophan,
which is predicted to restore BRCAI. In Patient #2, the presumed germline variant
(c.3477_3480del) causes a frameshift, resulting in truncation of BRCAI, and the secondary
mutation (c.3474_3485del) cause a deletion of 12 bases including this site, which restores the
open reading frame and is predicted to restore BRCAI.

Fig. S3

PFS stratified by Phascolarctobacterium-detection status (undetected vs. detected) in
patients without BRCA1/2mut. PFS was significantly different between patients with
Phascolarctobacterium undetected and patients with Phascolarctobacterium detected in fecal
baseline samples.
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