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Patients and methods: We assessed the potential association among faecal microbiota and
therapeutic efficacy of CDK4/6-inhibitors on 14 MBC patients classified as responders (R)
and non-responders (NR) according to progression-free survival. A stool sample was collected
at baseline and V3-V4 16S targeted sequencing was employed to assess its bacterial compo-
sition. Statistical associations with R and NR were studied.

Results: No significant differences were observed between R and NR in terms of o-/f-di-
versity at the phylum and species level. Machine-learning (ML) algorithms evidenced four
bacterial species as a discriminant for R (Bifidobacterium longum, Ruminococcus callidus)
and NR (Clostridium innocuum, Schaalia odontolytica), and an area under curve (AUC) of
0.946 after Random Forest modelling. Network analysis evidenced two major clusters of
bacterial species, named Species Interacting Groups (SIG)1-2, with SIG1 harbouring 75%
of NR-related bacterial species, and SIG2 regrouping 76% of R-related species (p < 0.001).
Cross-correlations among several patients’ circulating immune cells or biomarkers and
bacterial species’ relative abundances showed associations with potential prognostic im-
plications.

Conclusions: Our results provide initial insights into the gut microbiota involvement in sen-
sitivity and/or resistance to CDK4/6-inhibitors + endocrine therapy in MBC. If confirmed in
larger trials, several microbiota manipulation strategies might be hypothesised to improve
response to CDK4/6-inhibitors.

© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

1. Introduction

The combination of cyclin-dependent kinase (CDK)4/6-
inhibitors with endocrine therapy (ET), either an ar-
omatase inhibitor (AI) or fulvestrant, represents one of
the major advances of the last decades for the treatment
of hormone receptor-positive (HR+)/human epidermal
growth factor receptor 2 (HER2)-negative metastatic
breast cancer (MBC). Despite the impressive progres-
sion-free survival (PFS) and overall survival (OS) im-
provements observed in pivotal trials in comparison to
single-agent ET, not all patients benefit from the com-
bination [1-3]. At present, no selective biomarkers of
response to CDK4/6-inhibitors have been clearly iden-
tified, hence patient selection for such therapeutic
strategy is only based on classical endocrine receptors
and HER?2 status, along with clinical conditions [1-3].
Gut microbiota, composed of more than 100,000 bil-
lion bacteria, fungi, archaea and viruses, plays an im-
portant role in many physiological functions, including
nutrient absorption, immune system correct functioning,
and various metabolic processes, like oestrogen metabo-
lism, which is strongly correlated to HR+/HER2-nega-
tive breast cancer development [4-6]. Importantly, host-
microbe interactions in physiological conditions help
counteract invading pathogens and prevent tumorigen-
esis. As a consequence, imbalances in the local microbial
environment (dysbiosis) could modulate the host immune
responses and inflammation favoring disease pathogen-
esis and progression [4-6]. Nevertheless, there is emerging
evidence regarding the capability of faecal microbiota to
predict treatment response in several tumour types (e.g.
to ipilimumab in melanoma, to 5-fluorouracil in color-
ectal cancer etc.) and being directly implied in che-
motherapy resistance and development of side-effects

[7-10]. Still, very little is known regarding faecal micro-
biome impact on breast cancer treatment efficacy and
only preliminary data are currently available [7,11,12].

Finally, neutrophil-to-lymphocyte ratio (NLR) is an
inexpensive blood biomarker representative of the sys-
temic immune-inflammatory status [13]. High levels of
NLR have been associated with poor prognosis in ma-
lignant tumours, including breast cancer [14,15]. Inter-
estingly, recent data suggest a potential relationship
between inflammatory systemic status as detected via
NLR and gut microbiome composition [16].

In this prospective observational cross-sectional
study, we preliminarily explored the potential associa-
tion among faecal microbiome, immune circulating cells
with a focus on NLR, and therapeutic efficacy of first/
second-line CDK4/6-inhibitors + ET on a series of pa-
tients affected by HR+/HER2-negative MBC treated at
the Breast Unit of the Cremona Hospital in Italy be-
tween March 2019 and March 2021.

2. Materials and methods
2.1. Patient selection and study procedures

We included in this exploratory prospective cross-sec-
tional observational study patients affected by HR
+/HER2-negative MBC, with endocrine-sensitive tu-
mours [17] and candidate to receive a first/second-line
with CDK4/6-inhibitor-based regimen as per standard
clinical practice. Full inclusion/exclusion criteria are
reported in Supplementary materials.

All patients were treated with either palbociclib, ri-
bociclib or abemaciclib with an Al or fulvestrant, ac-
cording to standard treatment schedules. A mandatory
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stool sample was collected at baseline before treatment
started from each patient.

For the purpose of this study, patients were divided
into responders (R) and non-responders (NR) to
CDK4/6-inhibitors if disease progression happened
after or before 10 months, respectively. This time
point was selected since 9.5 months was the lowest
median PFS obtained with a CDK4/6-inhibitor-based
regimen in pivotal trials [3].

2.2. Sample collections

Before starting treatment, a blood sample was collected,
as well as a stool sample, which was collected using
eNAT Copan Kit at baseline before treatment.
Approximately 5 g of the fresh stool was stored at +4 °C
until processing and then kept at —70 °C until analysis.
Blood samples were processed as elsewhere described to
obtain blood cells counts [15].

2.3. DNA extraction, 16S rRNA gene amplification and
sequencing

Total bacterial DNA was extracted from 50 mg of faecal
material using the FastDNA SPIN Kit for Soil (MP
Biomedicals, Eschwege, Germany). The genomic DNA
was then quantified using the Qubit HS dsDNA fluor-
escence assay (Life Technologies, Carlsbad, California,
United States of America). Amplification was carried
out as described elsewhere [18], using Illumina’s MiSeq
v3 platform with 2 X 300 bp mode.

2.4. Bioinformatic analyses

Raw FASTAQ files were analysed with DADA?2 pipeline
v.1.14 for quality check and filtering (sequencing errors,
denoising, chimera detection). Raw reads were filtered
and 2503 Amplicon Sequence Variants (ASV) were
found. Analyses were performed with Python v.3.8.2. A
matrix of bacterial species relative abundances and
prevalence was built. Only bacterial species having a
prevalence equal or higher than 20% were taken into
account.

Data matrices were first transformed with pseudo
count and centred-log-ratio (CLR), then normalised and
standardised. For microbiota analysis, measurements of
a-diversity (within sample diversity) were calculated at
species level. Exploratory analysis of p-diversity (be-
tween sample diversity) was performed using the Bray-
Curtis measure of dissimilarity and represented in
Principal Coordinate Analyses (PCoA), along with
methods to compare groups of multivariate sample units
(analysis of similarities [ANOSIM], permutational
multivariate analysis of variance [PERMANOVA)).
We implemented Partial Least Square Discriminant

Analysis (PLS-DA) and the subsequent Variable
Importance Plot (VIP) as a supervised analysis wherein
the VIP values (order of magnitude) were used to
identify the most discriminant bacterial species among
the cohorts.

Pearson matrices for network analysis were generated
on normalised and standardised data with in-house
scripts (Python v3.8.2). Intra-network communities
(Species Interacting Groups, SIGs) were retrieved using
the Blondel community detection algorithm [19].

2.5. Statistical analyses

The study was exploratory and the sample size was not
based on a formal statistical assumption. Standard de-
scriptive statistics were used, along with ¥? test, Mann-
Whitney U test and Kruskal-Wallis test, when appro-
priate. Survival differences between R and NR were
estimated by the Kaplan—Meier method and the log-
rank test. Exploratory univariate cox regression models
were used to estimate PFS and OS hazard ratios (HR)
with 95% confidence intervals (CI). Analyses were con-
ducted with R version 3.6.1 for MacOSX. Significance
was generally set at p < 0.05. More detailed bioinfor-
matic and statistical methods are reported in
Supplementary Materials.

3. Results

Fourteen MBC patients complied with inclusion criteria
and accepted entering the study (Fig. 1). The median
follow-up at the time of the analysis was 32.5 months
(95% CI: 31.6-not estimable [NE]). Seven (50%) patients
were considered as R, while other seven were considered as
NR. Median PFS and OS for R were not reached at the
time of the analysis. For NR, median PFS was 6.2 months
(95% CI: 3.8-NE) and median OS was 14.7 months
(95% CI: 7.7-NE). R to CDK4/6-inhibitors showed a
significantly improved OS compared to NR (HR: 19.81,
95% CI: 2.30-170.78; p = 0.007) (Supplementary Fig. 1).
Population characteristics and treatment details are fully
reported in Table 1.

Clinicopathological characteristics and circulating
immune cells were not associated with PFS and OS (not
shown), with the exception of NLR. Higher levels of
NLR were significantly associated with worse PFS (HR:
4.13, 95% CI: 1.08-15.74; p=0.038), with a tendency
towards a significantly worse OS (HR: 3.17, 95% CI:
0.87-11.72; p=20.081). Consistently, R showed sig-
nificantly lower levels of NLR (2.23 vs. 2.57; p =0.026)
compared to NR. No other significant differences were
observed, except for a slightly lower body mass index
(BMI) (median 21.2 vs. 23.8; p =0.016) in the group of
R, with no significant association with both PFS
(»=0.912) and OS (p =0.769).
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Patients with HR+/HER2- MBC
assessed for eligibility
N=52

A 4

Reasons for exclusion:

* Non-endocrine-sensitive tumor;

e Personal history of inflammatory bowel disease,
intestinal resection for any cause and irritable
bowel syndrome;

*  Visceral crisis;

¢ Not candidate to receive a CDK4/6-inhibitor-
based regimen;

* Had received antibiotics in the previous 2
weeks;

* Had received previous anticancer treatment
with CDK4/6-inhibitors;

* Had experienced diarrhea in the previous 2

months.

Patients initially excluded
N=25

Y
Patients fulfilling inclusion
criteria
N=27

A 4

Reason for exclusion:

* Unwillingness to provide a stool sample before
starting treatment

Further patients excluded
N=13

A 4
Patients included and analyzed
N=14

Fig. 1. STROBE flow chart for patients selection. CDK, cyclin-dependent kinase; HR+, hormone receptor positive; HER2—, human
epidermal growth factor receptor 2-negative; MBC, metastatic breast cancer.

Regarding faecal microbiota composition, at phylum
level was observed a higher relative abundance of
Actinobacteriota in R patients, even if not significant (fold
change = 1.8, p = 0.125) (Table 2). Employing 118 bacterial
species, after a cut-off of prevalence >20%, we found no
significant differences among NR and R in terms of a-di-
versity (richness p = 0.337, biodiversity p =0.655, Fig. 2A)
and f-diversity (PCoA, ANOSIM =0.048, p=0.267;
PERMANOVA =1.131, p=0.299, Fig. 2B). PLS-DA and
the derived VIP showed that four bacterial species were
significant in dividing NR from R, namely Bifidobacterium
longum, Ruminococcus callidus, Clostridium innocuum and

Schaalia odontolytica (Fig. 2C). By using the relative
abundances of these species in a random forest model, a
good prediction was provided, even if limited by the sample
number (area under curve [AUC]=0.946, Specificity =
0.990, Sensitivity =0.804) (Fig. 2D). B. Longum and R
Callidus were significantly more abundant (p =0.012 and
p=0.017, respectively) in R, with the former being also
significantly more prevalent (p = 0.033), while C. Innocuum
and S. Odontolytica were present exclusively in NR (relative
abundance p =0.025 both) (Fig. 2E). Other differences in
relative abundance and prevalence for all other species were
not significant (all p > 0.05).
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Table 1
Population clinicopathological characteristics and circulating immune cells levels.
Demographics Responders Non-responders Overall patients p Values™
N Y% N % N %
7 50.0 7 50.0 14 100.0
Age
Median 70 - 65 - 67.5 - 1.00
IQR 47.0-74.5 - 58.5-72.0 - 56.0-73.5 -
BMI
Median 21.2 - 23.8 - 23.5 - 0.016
IQR 20.0-29.4 - 23.1-28.4 - 20.9-29.3 -
Oestrogen receptor
Positive (> 1%) 7 100.0 7 100.0 14 100.0 -
Negative 0 0.0 0 0.0 0 0.0
Progesterone receptor
Positive (> 1%) 4 57.1 5 71.4 9 64.3 0.577
Negative 3 429 2 28.6 5 35.7
Ki67%
<20 4 57.1 4 57.1 8 57.1 -
>20% 3 429 3 429 6 429
HER?2
0 5 71.4 7 100.0 12 85.7 0.311
1+ 0 0.0 0 0.0 0 0.0
2 + FISH neg. 2 28.6 0 0.0 2 14.3
Menopausal Status
Pre/Perimenopausal 2 28.6 1 14.3 3 21.4 0.515
Postmenopausal 5 71.4 6 85.7 11 78.6
Treatment Line
Ist 6 85.7 4 57.1 10 71.4 0.237
2nd 1 14.3 3 42.9 28.6
Endocrine therapy
Aromatase Inhibitor 5 71.4 5 71.4 10 71.4 -
Fulvestrant 2 28.6 2 28.6 4 28.6
CDK4/6-inhibitor
Palbociclib 2 28.6 0 0 2 14.3
Ribociclib 4 57.1 4 57.1 8 57.1 0.223
Abemaciclib 1 14.3 3 42.9 4 28.6
ECOG
0-1 7 100.0 7 100.0 14 100.0 -
22 0 0.0 0 0.0 0 0.0
Visceral metastases
Yes 2 28.6 5 71.4 7 50.0 0.109
No 5 71.4 2 28.6 7 50.0
Number of metastases
<3 6 85.7 5 71.4 11 78.6 0.515
>3 1 14.3 2 28.6 3 21.4
Best response
Complete response 0 0.0 0 0.0 0 0.0 0.213
Partial response 1 14.3 0 0.0 1 7.1
Stable disease 6 85.7 5 71.4 11 78.6
Progressive disease 0 0.0 2 28.6 14.3
CD3+ CD4+ Lymphocytes (cells/UL)
Median 633.0 - 722.7 - 677.8 - 0.710
IQR 559.3-784.1 - 601.1-877.6 - 592.0-803.4 -
CD3+ CD8+ Lymphocytes (cells/UL)
Median 463.0 - 361.0 - 442.5 - 0.456
IQR 402.0-647.0 - 253.0-633.5 - 295.8-688.8 -
NK Lymphocytes (cells/UL)
Median 381.0 - 258.0 - 296.0 - 0.805
IQR 157.0-470.0 - 194.0-355.5 - 183.2-429.0 -
Tregs (cells/UL)
Median 59.00 - 69.0 - 62.0 - 0.565
IQR 39.0-67.0 - 45.5-82.0 - 42.8-75.0 -
CD4/CD8 Ratio
Median 1.21 - 1.83 - 1.43 - 0.289
IQR 0.99-1.56 - 1.24-2.66 - 1.045-2.145 -

(continued on next page)
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Table 1 (continued)

Demographics Responders Non-responders Overall patients p Values*
N % N % N %
7 50.0 7 50.0 14 100.0
NLR
Median 2.23 - 2.57 - 2.39 - 0.026
IQR 1.52-2.27 - 2.53-3.01 - 1.87-2.57 -
PLR
Median 111.11 - 179.88 - 140.97 - 0.128
IQR 100.38-140.97 - 152.79-193.89 - 108.69-182.66 -

BMI, body mass index; HER2, human epidermal growth factor receptor 2; IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio;

PLR, platelet-to-lymphocyte ratio.
Italic values are statistically significant.
* Exploratory, unadjusted.

With the aim of finding other bacterial species within
the faecal microbiota of our MBC patients that would
better describe the separation of NR and R, we em-
ployed a co-abundance network analysis of all the 118
species (Fig. 3A). Network analysis evidenced two
major clusters of interacting bacterial species, named
SIGs, in which a SIG1 group harboured 75% of NR-
related species, while a SIG2 group harboured 76% of
species with higher relative abundance in R (Fig. 3A).
This topological distribution was highly significant (Chi-
square p < 0.001), thus meaning that these two com-
munities could have an opposite role in responsiveness
to CDK4/6-inhibitors.

A cross-correlation analysis of all the 118 bacterial
species with all of the 14 patients’ immunological fea-
tures and BMI was carried out. Two different clusters
were formed by the correlation of the species with
CDS8 +, CD4 +, NK and Tregs lymphocytes, CD4/CD§
ratio, platelet-to-lymphocytes ratio (PLR), NLR and/or
BMI (Fig. 3B). Among the four species evidenced by the
VIP plot (Fig. 2C), only C. Innocuum showed a positive
association with NLR (r=0.53, p=0.049) (Table 3),
falling within the clusterl (Fig. 3B). Interestingly, a
bunch of species falling within the clusterl were posi-
tively related to NLR, CD4/CDS8 and PLR, and, at the
same extent, negatively related to CD8+, CD4 + and
Tregs lymphocytes. When examining the species dis-
tribution among the correlogram and the network to-
gether, we found a correspondence among SIG1 and

clusterl, and among SIG2 and cluster2, evidencing four
species in common for SIG1/cluster] and six species in
common for SIG2/cluster2 (Fig. 3C).

4. Discussion

In a small population of 14 patients affected by HR
+/HER2— MBC treated with CDK4/6-inhibitor + ET,
we preliminarily observed some differential features of
baseline faecal microbiome, especially in terms of
phylum and species, which might be associated to
poorer or better responses.

CDK4/6-inhibitors represent one of the major ther-
apeutic advances in breast cancer of the decade. Also in
our patients’ cohort, although very small, women
achieving the most prominent PFS results, presented a
clear advantage in OS over women experiencing poorer
responses. However, since a proportion of patients does
not adequately respond to treatment, biomarkers for
accurate patient selection are needed to maximise ben-
efits and spare unnecessary toxicity and high treatment
costs [20,21]. In the last couple of decades it has been
extensively investigated the role of the immune system in
cancer development and progression [22], as well as its
complex interplay with chemotherapies and several
targeted anticancer agents, with prognostic and pre-
dictive implications [15,23], leading also to the devel-
opment of immune-checkpoint inhibitors (ICI) for the
treatment of cancer [24]. To note, there is accumulating

Table 2

Relative abundances of Phyla.

Phylum NR R p values™
Mean £ SEM (%) Mean = SEM (%)

Firmicutes 61.75 £ 4.95 55.80 £ 1.92 0.701

Bacteroidota 22.85 * 3.60 26.61 + 1.47 0.443

Actinobacteriota 4.14 + 0.80 11.58 + 3.35 0.125

Proteobacteria 597 £ 2.73 4.53 + 2.17 1.000

Verrucomicrobiota 2.38 + 1.69 1.07 £ 0.58 0.891

Desulfobacterota 0.37 £ 0.13 0.38 = 0.10 1.000

Euryarchaeota 1.53 £ 1.02 0.02 £ 0.02 0.551

FDR, false discovery rate; NR, non-responders; R, responders; SEM, standard error mean.

* Two-sided Mann-Whitney U test, no FDR.
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Fig. 2. Microbiota compositional shifts in responders and non-responders. Alpha- (A) and p-diversity (B) of responders (R, green, n =7)
and non-responders patients (NR, red, n=7). (C) Variable Importance Plot (VIP). It shows: (i) discriminant species after Partial Least
Square Discriminant Analysis (PLS-DA) in descending order of VIP score (bar length); (ii) the highest relative abundance depending on
the cohort (central bar colour) and the lowest one (edge bar colour); (iii) fold ratio (FR) of the highest versus the lowest relative
abundance (bar thickness), and (iv) significant difference after Mann—Whitney U test (non-false discovery rate [non-FDR], *p <0.05).
Absent borders indicate mean relative abundance of zero in the compared cohort. (D) Receiver Operating Characteristic (ROC) curve
with fivefold cross-validation following a Random Forest model on the four species (retrieved by the VIP plot). Area Under Curve
(AUC), sensitivity (Se) and specificity (Sp) are reported. (E) Pairwise analysis of the selected four species depicts significant differences in
terms of relative abundance (box plots) and prevalence (bar plots). In each sub-graph are reported the p-value (from Mann-Whitney U
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Fig. 3. Network analysis and correlation of bacterial species with immunological parameters. (A) Network analysis showing communities
of bacterial species (namely, SIGs) and their positive (red Pearson coefficient) or negative (blue Pearson coefficient) relative abundances
correlation. Nodes are coloured according to the cohort harbouring the higher relative abundance for a definite species, as NR (red) or R
(green). Edge thickness is inversely proportional to the Pearson p-value after 10% Benjamini-Hochberg two-stages FDR, and it is
coloured according to positive (red) or negative (blue) Pearson coefficient. (B) Correlogram of bacterial species and immunological
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parameters shows positive (red) or negative (blue) Pearson correlation on CLR-transformed, normalised and standardised abundances.
Significant correlation is marked with an asterisk inside each square: only species or parameters having at least one significant correlation
were reported. Dendrograms on the x and y axes were generated following Bray—Curtis similarity, evidencing two different clusters for
bacterial species (cluster]l and cluster2, shown here within white boxes). (C) Venn diagram showing species distribution among the two
network SIGs and the two correlogram cluster, colours are as in panels (A) and (B). Highlighted in red the four and six species in common
among SIGs and clusters. BMI, body mass index; CLR, centred-log-ratio, FDR, false discovery rate; NR, non-responders;
NL, neutrophil-to-lymphocyte ratio; PL, platelet-to-lymphocyte ratio; R, responders; SIG, species-interacting group.

evidence suggesting that gut microbiota, especially
bacteria, can trigger both innate and adaptive immune
responses by eliciting the expression and secretion of
immunomodulatory cytokines and chemokines that
enter the systemic circulation and affect cancer patho-
genesis, with the creation of tumour-promoting or tu-
mour-antagonising immune microenvironments, as well
as response to anticancer therapies [22,25,26]. In this
perspective, the NLR indicates the dynamic relationship
between innate (via neutrophil count) and adaptive (via
lymphocyte count) immune responses and has been
extensively investigated for the purpose of evaluating
ongoing systemic inflammation during cancer develop-
ment, severity stratification and prognosis of cancer
disease in multiple cancer types, including breast cancer
[27]. We observed in our exploratory analysis that pa-
tients experiencing more prolonged responses to CDK4/
6-inhibitors-based regimens showed lower basal levels of
NLR compared to poor CDK4/6-inhibitor responders.
In addition, lower levels of NLR, as also observed
elsewhere [27], showed an association with a better
prognosis. Our results showed that some bacterial spe-
cies, such as C. Innocuum, Oscillibacter ruminantium and
Eubacterium hallii, seem to be positively related to NLR,
thus probably exerting a negative effect on response to
CDK4/6 inhibition. In fact, C. Innocuum showed higher
relative abundance and prevalence in NR. On the con-
trary, Roseburia fecis, being negatively related to NLR,
could have a favourable prognostic impact. These
findings add to the previously mentioned postulated
relationship between gut microbiota and systemic im-
munity [22,25,26].

Several members of the Actinobacteria phylum, such
as Bifidobacteria, can be administered via probiotics
[28]. Importantly, this phylum has shown to increase the
efficacy of anti-PD-L1 ICI in breast and other tumours
mouse models [29.30]. Intriguingly, an im-
munomodulatory effect for CDK4/6-inhibitors has been
recently theorised after showing to promote tumour
infiltration and activation of effector T cells and cyto-
toxic T cell-mediated clearance of tumour cells in pre-
clinical studies [31,32]. In fact, a first phase I/II trial of
palbociclib + letrozole and the ICI pembrolizumab al-
ready proved the combination to be well tolerated and
active in the first-line setting of patients with HR+ MBC
[33]. Here we found that B. Longum was more abundant
in R, compared to NR. If Actinobacteria such as Bifi-
dobacteria were effectively able to both improve

response to CDK4/6-inhibitors and anti-PD-L1 agents,
they could be easily provided to patients via probiotics
as a strategy to boost therapeutic efficacy of regimens
including both or only one of the two drug classes, with
the advantage of being safe and likely cost-effective.

A higher abundance of R. Callidus was also observed
in R, as well. Although there is no specific study asso-
ciating this species with breast cancer, it has been re-
ported to be negatively associated with colorectal
cancer [34].

Finally, a clear and statistically significant differential
distribution of faecal bacterial species in SIGs according
to response to CDK4/6-inhibitors was observed in the
network analysis. Noteworthy, species associated with
better responses seemed to interact more than species
associated with worse responses.

Although numbers are too small to provide in-depth
reliable conclusions, the tendencies observed should be
further explored. Due to obvious technical limitations
related to the study of gut microbiota, faeces could be
considered as a potential proxy for its assessment, al-
though reliable methodologies that adequately correlate
the activity of faecal microbiota (composed of species
that mostly reside in the transient luminal compartment)
with the mucosa-associated microbiota (MAM) are
currently missing [35].

Our study has several limitations worth nothing.
First, results significance has been surely hampered by
the reduced population. Nevertheless, larger studies are
costly and require more education and sensibilization of
both patients and operators regarding optimal collec-
tion and management of faecal samples. Furthermore,
there is no current evidence regarding faecal microbiota
role as a predictive factor of response to CDK4/6-in-
hibitors, and this study was intended to be a preliminary
effort to provide translational hypothesis-generating
data. Secondly, the lack of a control group that only
received ET was not available, considering that, apart
from specific cases, the standard of care is now re-
presented by the combination of ET with a CDK4/6-
inhibitor as upfront therapy [17]. At the same time, a
recent small study in early-stage disease showed a sig-
nificant difference in the mean microbial abundance
between endocrine-resistant and endocrine-sensitive
cases in terms of the taxonomic rank of order and family
[36]. Thirdly, we had no validation cohort to make more
robust the putative biomarkers retrieved by machine
learning algorithms. Finally, patients could have
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Table 3 (continued)

p values
BMI

0.743

Pearson coefficients

BMI
0.10
0.09
0.16
0.17
0.15

Faecal bacterial species

Treg

NK

CD4+/CD8+

0.038

CD4+
0.648
0.202
0.856
0.705
0.874
0.646
0.315

NLR PLR CD8+

0.010 0.021

0.008 0.021
0.039
0.016

NK Treg

CD4+/CD8+

0.56
0.58
0.28
0.05
0.40

CD8+ CD4+

PLR
0.61
0.61
0.45

NLR
0.66
0.67
0.56

0.122
0.191

0.812

0.025

—-0.43
0.37

—-0.07
—-0.01
0.01
0.29

-0.13
0.36

-0.59
-0.54
-0.34

0.07

Ruminococcus champanellensis

Ruminococcus faecis

0.986

0.030

0.047

0.750

0.401

0.986

0.336

0.233

0.105
0.646

0.586
0.559
0.602
0.017

-0.24
0.00

-0.05

0.11

Ruthenibacterium lactatiformans

Slackia isoflavoniconvertens

0.995

0.317

0.855

0.817

-0.13

0.74
0.03

-0.63
0.70

0.877
0.851

0.852

0.155
0.932

0.008

0.005  0.002
0.821

—-0.05
—-0.06
0.07

—-0.05
-0.15
—-0.48

—0.05
-0.13
—-0.29

-0.68
-0.02

Solibaculum mannosilyticum
Sutterella wadsworthensis
Turicibacter sanguinis

0.608

0.940
0.026

0.917

-0.03
-0.58

-0.07
0.04

-0.63

0.12
BMI, body mass index; NLR, neutrophil-to-lymphocytes ratio; PLR, platelet-to-lymphocytes ratio.

In bold, significant coefficients and respective p-values.

0.805

0.083

0.030

0.740

0.694  0.903

-0.10  0.59
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received any CDK4/6-inhibitor, thus it is hard to know
if different molecules might have exerted different im-
munomodulatory effects and differential indirect inter-
actions with gut microbiome. In any case, evidences in
this perspective lacks and most patients in both cohorts
had received ribociclib (57.1% in both cohorts).

In conclusion, although small and exploratory, and
requiring validation in different cohorts, our study
suggests that stool microbiota might be able to early-
predict responses to CDK4/6-inhibitors. Moreover,
targeted antibiotic-based depletions of specific bacteria
and oral administration of probiotics like Bifidobacteria
might improve response to CDK4/6 inhibition, in a re-
latively safe and cost-effective fashion. Faecal micro-
biota transplantation, a strategy effectively adopted in
other diseases [37-39], might be also explored for the
purpose.
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