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Incidence of Breast Cancer and Enterococcus Infection:
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Abstract

Background: Enterococci role in the microbiome remains contro-
versial, and researches regarding enterococcal infection (EI) and its
sequelae are limited. The gut microbiome has shown to play an im-
portant role in immunology and cancer. Recent data have suggested
a relationship between the gut microbiome and breast cancer (BC).

Methods: Patients in a Health Insurance Portability and Account-
ability Act (HIPAA) compliant national database (2010 - 2020) were
used for this retrospective study. International Classification of Dis-
ease (ICD) Ninth and Tenth Codes, Current Procedural Terminology
(CPT), and National Drug Codes were used to identify BC diagnosis
and EI. Patients were matched for age, sex, Charlson comorbidity
index (CCI), antibiotic treatment, obesity, and region of residence.
Statistical analyses were implemented to assess significance and esti-
mate odds ratio (OR).

Results: EI was associated with a decreased incidence of BC (OR =
0.60, 95% confidence interval (CI): 0.57 - 0.63) and the difference
was statistically significant (P < 2.2 x 10716). Treatment for EI was
controlled for in both EI and noninfected populations. Patients with a
prior EI and treated with antibiotics were compared to patients with
no history of EI and received antibiotics. Both populations subse-
quently developed BC. Results remained statistically significant (P <
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2.2 x 10716) with an OR of 0.57 (95% CI: 0.54 - 0.60). In addition to
standard matching protocol, obesity was controlled for in both groups
by exclusively containing obese patients, but one group with prior
EI and the other without. In obese patients, a lower incidence of BC
was shown in the infected group compared to the noninfected group.
Results were statistically significant (P < 2.2 x 10-'%) with an OR of
0.56 (95% CI: 0.53 - 0.58). Age of BC diagnosis with and without a
prior EI was analyzed and demonstrated increased BC incidence with
increasing age in both groups, but less in the EI group. Incidence of
BC based on region was analyzed, which showed lower BC incidence
across all regions in the EI group.

Conclusion: This study shows a statistically significant correlation
between EI and decreased incidence of BC. Further exploration is
needed to identify and understand not only the role of enterococcus in
the microbiome, but also the protective mechanism(s) and impact of
EI on BC development.

Keywords: Breast cancer; Microbiome; Enterococcus; Infection; Im-
munology

Introduction

Breast cancer (BC) is the most common cancer in women
worldwide and is the second most common cause of death
from cancer in women in the United States [1, 2]. BC is also
the most research-funded cancer worldwide, receiving substan-
tially higher grants than any other cancer [3]. The prevalence
and impact of BC on patients and their families and friends are
wide reaching, which in part helps explain its popularity in re-
search. Recently, BC and the microbiome has been a trending
focus of research [4-9]. Many bacteria in the gut microbiota
possess genes capable of metabolizing estrogen, suggesting a
relevant and important relationship to BC [4, 6, 8]. To further
investigate and contribute to this area of research, the objective
of this study was to assess the correlation between prior infec-
tion with enterococci and risk of BC development.
Enterococci are gram-positive, non-sporulating, faculta-
tive anaerobic cocci that form short and medium chains [10].
Enterococci are ubiquitous and can be easily isolated from a
broad spectrum of hosts, soil, water, food, plants, and sewage
[11]. In humans, enterococci commonly colonize and can be
found on the skin, in the oral cavity, and in the large intestine
[12]. Enterococci are robust bacteria capable of tolerating a
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wide range of growth conditions, and as facultative organisms,
grow best under reduced or oxygenated conditions [13].

Enterococci do not produce toxins. Instead, their virulence
derives from other features such as structure, durability, and
antibiotic resistance [14]. Their surface components include
a polysaccharide capsule, adhesins, pili, and an aggregation
substance. Because enterococci can form biofilms, a favora-
ble environment encourages adherence to catheters, dental
prosthetics, and heart valves [12]. This characteristic further
facilitates persistent infection. Notoriously, enterococci are in-
trinsically resistant to a multitude of antibiotics, such as cepha-
losporins, aminoglycosides, lincosamides, and streptogramins
[15]. They are also capable of acquiring and transferring anti-
biotic resistance through conjugative transposons, or mobile
gene elements, which contain genes encoding traits that confer
resistance [11].

The majority of enterococcal infections (EIs) are caused
by Enterococcus faecalis, and the remaining are caused by
Enterococcus faecium. These two species comprise over 90%
of the total Els [10]. The former is more likely to display fac-
tors related to overt virulence, however, are also more likely
to maintain sensitivity to at least one antibiotic [13]. The latter
species, in contrast, distinctly lack overt pathogenicity but are
effectively more resistant to even last resort antibiotics [15].

Enterococci are recognized as the second leading cause of
nosocomial infections, the first being staphylococci. Common
infections include bacteremia, urinary tract infections, surgical
wound infections, and endocarditis [12, 13]. More rarely, they
may also cause intra-abdominal infections and meningitis [12].
Over the last few decades, enterococci have gained notoriety
not only due to their increasing presence in hospital-acquired
infections, but also for their rapid rise in antibiotic resistance
and difficult treatment course.

Although enterococci can cause a variety of severe in-
fections and pose a major threat to modern medicine, these
bacteria do not always contribute to infection. Enterococci are
normal inhabitants of the gut and live in the gastrointestinal
(GI) tract of virtually all animals, including humans, and are
regarded as commensal organisms [11]. Over 50 species of en-
terococci that reside as commensal bacteria have been isolated
from the GI tract of insects, birds, reptiles, and mammals [16].
In humans, enterococci are one of the earliest colonizers of the
gut flora and are prominent members of the intestinal micro-
biome [14]. They have been shown to play an important and
beneficial role in the gut microbiome. For example, entero-
cocci have been extensively studied as a potential probiotic
candidate for treatment and/or prevention in specific human
and animal diseases [17].

Enterococci have also been implicated in the develop-
ment of colorectal cancer (CRC), although the current lit-
erature is equivocal and no strong relationship between ente-
rococcus and CRC has been established [18]. Many studies
have supported a positive correlation of enterococci and CRC
[19-21], while many others have disputed its significance
[22, 23]. Enterococci and its role in various domains continue
to prove controversial. The benefit versus harm juxtaposition
of enterococci is evident in the current literature [18], which
necessitates further research in our understanding of this bac-
terium.
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Materials and Methods

Patient cohorts

This study was conducted using a Health Insurance Portability
and Accountability Act (HIPAA) compliant national database
provided by Holy Cross Health, Fort Lauderdale, Florida for aca-
demic research. The PearlDiver Mariner database, in conjunction
with the Bellwether interface, was used to run queries, stratify
data, and perform statistical analyses. PearlDiver contains over
41 billion HIPAA compliant patient records, which are acquired
from analysis of private insurance claims from Humana, United
Healthcare, and government claims from Medicare [24]. The Pa-
tient Population Database in the United States was retrospective-
ly reviewed from January 2010 to December 2019 using Interna-
tional Classification of Disease Ninth and Tenth Codes (ICD-9,
ICD-10), Current Procedural Terminology (CPT), and National
Drug Codes were used for identifying EI and BC diagnosis.
Two groups were first identified and isolated based on history
of EI and no history of EI, which comprised of the experimental
group and control group, respectively. Criteria for defining the
type of EI were determined and identified using ICD-9 and ICD-
10 codes: “Sepsis due to Enterococcus” and “Enterococcus as
the cause of disease classified elsewhere”. These groups were
then matched based on age, sex, and Charlson comorbidity in-
dex (CCI) to allow for the optimal comparison, while mitigating
confounding variables on outcome measures. This initial match
was further stratified to include antibiotic treatment exposure.
This was done in an effort to control potential treatment effects
on outcome measures and overall interpretation of the data. The
inclusion criteria included patients who were active in the data-
base for at least 8 years with a history of BC, and a history of ex-
posure to similar antibiotic treatment regimen. The development
of BC was the primary outcome measure of this study. Standard
statistical methods were utilized to analyze the results and as-
sess statistical significance. Chi-squared, logistic regression, and
odds ratio (OR) were implemented to interpret and assess the
significance of the data. Data from the initial query were subse-
quently stratified based on patient demographics and other risk
factors in both patient groups. Figure 1 illustrates a flow chart of
the two patient groups, including the number of total patients (n)
in each respective group and how the groups were further strati-
fied and compared.

Literature review

PubMed (2000 - present) and Google Scholar (2000 - present)
were used for the purpose of a literature review. The literature
reviewed aimed at inquiring data relating to any and all rela-
tionships between BC and EI. The review was guided using

CEINNT3

keywords in varying orders: “breast cancer”, “enterococcal
infection”, “microbiome”, “carcinogenesis”, “immunology”,
(134 bl (13 . : b 2 .
immunomodulator”, and “bacterial infection”. The literature
included findings relating to the microbiome and its impact on
carcinogenesis and BC. Review of the literature also indicated

a diverse, yet inconclusive role of enterococcus in the gut.
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Figure 1. Flowchart of infected vs. noninfected groups with and without antibiotic treatment. Left side: total patients in database
(n = 53 x 10%). Second column from left: evaluation of incidence of breast cancer in patients with prior enterococcus infection
(dark blue) and without infection (light blue). Third column from left: additional stratification and matching were done based on
patient comorbidities and age with and without infection (very dark blue and dark blue, n = 28,518), and with antibiotic treatment
with and without infection (very light blue and light blue, n = 11,523).

IRB approval

This study was exempt from IRB approval because all data
were obtained from a database that provided deidentified pa-
tient information. The study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Results

Patients with a history of EI had significantly lower inci-
dence of BC

The initial matched query based on patient CCI score and age
(Fig. 1) yielded 28,518 patients who had a positive history of
EI (very dark blue square in third column from the left in Fig.
1) and 28,518 patients with no prior history of EI (dark blue
square in third column from the left in Fig. 1). Six hundred sev-
enty-one out of 28,518 (2.35%) patients with a prior EI (very
dark blue square in far-right column in Fig. 1) and 1,459 out
of 28,518 (5.12%) patients without EI (dark blue square in far-
right column in Fig. 1) subsequently developed BC (left side of
Fig. 2). The difference was statistically significant (P < 2.2 x
10719). Logistic regression also indicated EI was associated with
a decreased incidence of BC (OR = 0.60, 95% CI: 0.57 - 0.63).

Association of the history of EI and lower incidence of BC
remained significant among the patients who underwent
antibiotics treatment

When treatment regimen was controlled, 11,523 patients with a

34 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

positive history of EI but treated with antibiotics were matched
with 11,523 patients with no prior history of EI but similarly
treated with antibiotics. The query yielded 398 out of 11,523
(3.34%) patients with a prior EI and treated with antibiotics
(light blue square in far-right column in Fig. 1), and 624 out of
11,523 (5.41%) patients with no history of EI (control) and re-
ceived antibiotic treatment (very light blue square in far-right
column in Fig. 1). Both populations subsequently developed
BC. Both groups were compared, and results remained statisti-
cally significant (P < 2.2 x 107!¢) with an OR 0f 0.57 (95% CI:
0.54 - 0.60). The overall findings and interpretation from the
data are illustrated in Figure 2. OR with CIs among the two
different matching criteria groups are shown in Figure 3.

Association of the history of EI and lower incidence of BC
remained significant among obese patients

The impact of obesity on BC incidence following an EI was
additionally analyzed and results are shown in Figure 4. When
both patient groups were controlled for obesity in addition to the
standard matching protocol, but one group had a prior EI and the
other did not, a lower relative incidence of BC was shown in the
EI group. Both groups comprised of 8,865 patients who satisfied
criteria for obesity based on body mass index (BMI). Obesity
was defined by patients with BMI’s > 30. Results were statisti-
cally significant with a P-value of less than 2.2 x 1071 and OR
0f 0.56 (95% CI: 0.53 - 0.58). Compared to the original matched
group of patients with no prior EI, both with and without an-
tibiotic treatment control, obese patients with no prior EI had
higher incidences of BC. These results are expected due to the
increased risk of BC in obese patients. However, the difference
in incidence of BC in obese patients with a prior EI compared to
no infection was greater than the difference in incidence in the
original match when obesity was not controlled. These results
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Enterococcus Infection and Incidence of Breast
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Figure 2. Percent breast cancer incidence after enterococcus infection. This figure illustrates the percentage of patients who
developed breast cancer with or without a prior enterococcus infection. Left side: patients with enterococcus infection (very dark
blue) and no infection (dark blue) were compared based on similar comorbidities and age before incidence of breast cancer (n
= 28,518). Score *P < 2.2 x 1016, Right side: patients with enterococcus infection with antibiotic treatment (light blue) and no
infection with antibiotic treatment (very light blue) were controlled and similarly compared based on comorbidities and age before
incidence of breast cancer (n = 11,523). Score **P < 2.2 x 10716,

suggest that the proposed protective effect of EI may outweigh
the harm or risk of obesity when considering BC.

Association of the history of EI and lower incidence of BC
was consistent across all age ranges

The incidence of BC following a prior EI was further analyzed
based on age of BC diagnosis. Figure 5 shows the incidence
of BC based on age of diagnosis. These findings are consist-

ent with the overall understanding that BC incidence increas-
es with age. Furthermore, the patients with the history of EI
showed a lower incidence of BC across all age ranges.

Association of the history of EI and lower incidence of BC
was consistent across all regions in the USA

Incidence of BC with or without a previous EI was analyzed
based on region of diagnosis and is shown in Figure 6. Analysis

Odds Ratio of Enterococcus Infection

—0—
Enterococcus
Infection —e—i
0.00 0.10 0.20 0.30 0.40 0.60 0.70 0.80 0.90 1.00

Figure 3. Odds ratio ((OR) with 95% confidence intervals (Cls). OR in enterococcus infected (dark blue) and enterococcus infected
with antibiotic treatment (light blue) showed a decreased likelihood of developing breast cancer. OR in infected group (light blue) was
0.60 with a 95% Cl of 0.57 - 0.63. OR in infected group with antibiotic treatment (dark blue) was 0.57 with a 95% CI of 0.54 - 0.60.
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Figure 4. Percent breast cancer incidence in obese patients with enterococcus infection. This figure illustrates the percentage of
obese patients (n = 8,865) who developed breast cancer with a prior history enterococcal infection (dark blue) and obese patients

without infection (light blue). Score *P < 2.2 x 1016,
of region was confined to the USA. Patients residing in an un-
known (unk) region comprised of less than 10 but greater than

0 cases of BC. A lower incidence of BC was found in all regions
where patients had a prior EI compared to no history of EL

Discussion

This study is the first to demonstrate a statistically significant

correlation between a previous EI and a decreased incidence
of BC among adults in the United States. This correlation re-
mains significant when controlling for antibiotic treatment,
obesity, age, and regions in the USA. This study also includes
a large sample size with effective group matching to reduce
potential confounding variables and bias.

When controlling for antibiotic use, the sample size de-
creased by approximately 17,000. This may be due to the
differences in standard clinical practice when treating an EI
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Figure 5. Age distribution. Incidence of breast cancer is sorted by age in enterococcus infected (dark blue) and noninfected (light

blue) groups.
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Figure 6. Regional distribution. This figure shows number of patients with breast cancer sorted by United States region with prior
enterococcus (dark blue) and without prior enterococcus infection (light blue). Unknown (unk) is a label provided by the database
for patient records with unidentified or no known region of residence.

compared to other bacterial infections. As stated in the intro-
duction, Els are notoriously durable against many different an-
tibiotics, most of which are commonly used to treat other bac-
terial infections. Treatment of Els often necessitates stronger
antibiotics, which may explain why patients with no previous
history of EI did not fulfill matching criteria with patients who
had Els. Essentially, roughly 17,000 patients with no history of
EI were excluded from analysis because they did not receive
identical antibiotic treatment as patients with Els.

Current literature on the relationship between enterococci
and cancer primarily emphasizes CRC, and despite the pre-
dominance, the role of enterococci in this light is unestablished
and remains controversial [18]. While some published litera-
ture reports a harmful role of enterococci via enhancing cellu-
lar proliferation [19, 20, 25], other data have shown either no
correlation or a favorable anti-proliferative affect [26]. In gen-
eral, the majority of current data have been published regard-
ing the impact of the microbiome and/or various bacteria on GI
cancers [8-11, 16, 18, 25, 27]. Little research has focused on
the microbiome and BC specifically, and even less on entero-
cocci and BC. Although previous studies have shown anti-BC
effects of enterococci on malignant BC cell lines [26], the data
of this study are the first to indicate a relationship between
EI and BC incidence in a prophylactic respect. In view of the
broad body of literature on enterococci in relation to cancer, it
is clear that enterococci possess a unique capacity. Enterococci
ability to modulate cancer risk may be potentiated through in-
fection only and not exclusively as commensals. Considering
the controversial role of enterococci in the microbiome, the
results from this study substantiate the body of literature on
behalf of enterococci as an oncoprotective organism. Further,
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in the light of recent focus on anti-cancer immunity, we cannot
help but speculate that EI may enhance the anti-cancer immu-
nity that prevents BC carcinogenesis.

BC is often a hormonally driven malignancy with estrogen
playing an essential role [28, 29]. The gut microbiota has been
shown to modulate serum estrogen levels and affect response
to endocrine therapy [4-7, 30, 31]. Numerous bacterial genes
have been identified that produce estrogen-metabolizing en-
zymes [8]. Research has found that the microbiome of patients
with BC differs from that of healthy patients [4, 6], which sug-
gests the microbiome and its influence on estrogen balance
may be a relevant focus point for research in patients with BC
specifically. An EI may alter the gut flora, either exclusively or
by downstream adaptations of other microbiota, in a manner
that favors decreased estrogen levels consistent with a lower
risk of BC development.

Like estrogen, obesity is a significant and relevant risk
factor for BC. Obesity is associated with an increased risk for
developing BC [32]. This is, in part, due to an increased es-
trone production and conversion in adipose tissue [32, 33]. The
results from Figure 4, which depicts obesity as a controlled
variable, encourage further discussion regarding the interrela-
tion between estrogen modulation, EI, the microbiome, and
BC evolution. The decreased risk of developing BC in obese
patients with a prior EI may be greater than the risk of obesity
alone in BC development.

The exact mechanism behind the findings of this study is
not well understood and more research is needed to elucidate
and support the potential protective impact of EI on BC de-
velopment. While the PearlDiver database offers an immense
number of patients, retrospective studies sustain inherent limi-
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tations, and this study is no exception. Selection bias, particu-
larly selection of control groups, poses one limitation to this
study. This is also a single cohort study, and the results are not
validated. The results of this study heavily depend on accurate
reporting, charting and recordkeeping by both healthcare pro-
fessionals and insurance companies.

Although the role of EI in changing BC risk is not known,
the results of this study do not support treatment as a reason
for risk reduction. The precise mechanism is presumably com-
plex, but likely involves a multi-leveled relationship involving
the microbiome and its influence on endocrinology, the seque-
lae of bacterial infection and subsequent adaptive immunity,
and oncogenesis. Despite the poorly understood and disputed
significance of enterococci, therapeutics aimed at exploiting
a safer, but similar, alternative to an EI may be a reasonable
avenue in the future for prevention of BC.

Conclusion

This study shows a statistically significant correlation between
history of EI and a decreased incidence of BC. Further investi-
gation is needed to identify and understand the role of entero-
coccus in the microbiome and carcinogenesis of BC.
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