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ABSTRACT

Patients with a current diagnosis of breast cancer are enjoying
dramatic cure rates and survivorship secondary to an increase
in awareness, earlier detection, and more effective therapies.
Although strategies such as Breast Cancer Awareness Month in
October focus on early detection, lifestyle changes are seldom
discussed other than dietary concerns and physical activity. Life-
style modifications centered on diet and exercise have been dem-
onstrated to affect overall disease-free survival in breast cancer.
Since the early 2000s, the role of the human gut microbiota and
its relation to breast cancer has become a major area of interest in
the scientificand medical community. We live and survive owing to
the symbiotic relationship with the microorganisms within us: the
human microbiota. Scientific advances have identified a subset of
the gut microbiota: the estrobolome, those bacteria that have the
genetic capability to metabolize estrogen, which plays a key role
in most breast cancers. Recent research provides evidence that the
gut microbiome plays a substantial role in estrogen regulation.
Gut microbiota diversity appears to be an essential component of
overall health, including breast health. Future research attention
should include a more extensive focus on the role of the human
gut microbiota in breast cancer.

INTRODUCTION

In 2020, nearly 260,000 women in the US will receive a di-
agnosis of breast cancer, and more than 40,000 will die due to
the disease.'? Breast cancer is the most common malignancy
among women, affecting 2.4 million women and responsible for
more than 500,000 deaths worldwide.? In 2015, there were an
estimated 3.4 million breast cancer survivors in the US.* This
number increases yearly. Most breast cancer patients survive
disease free for many years, making survivorship a major health
issue. The American College of Surgeons has mandated that
survivorship care plans become an integral component of their
accreditation. This has prompted the appearance of a plethora
of articles addressing lifestyle issues that positively affect many
chronic comorbidities, a decrease in recurrence, and an increase
in overall survival.** Lifestyle recommendations, although inad-
equately addressed, also contribute to prolonged survival.>” Such
recommendations are generally focused on diet and exercise,
but the developing awareness of the influence of the human gut
microbiota on survival and overall health creates the need to ex-
pand that focus to encompass diet, exercise, and the microbiome.

GUT MICROBIOTA AND HEALTH

The human microbiome is composed of trillions of microor-
ganisms living inside and outside the human body. Often used
interchangeably, the terms microbiome and microbiota are, in fact,
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distinctive. The microbiome defines the collection of the genomes
that the microbiota (the bacterial population) possess. The mi-
crobiota are now considered an “essential organ” and have been
associated with overall health and chronic disease.>®’ Bacteria,
fungi, protozoa, yeast, and viruses comprise up to 90% of the
human cellular population.’® These organisms, until recently,
were the unrecognized “organ system” responsible for most of
our immunity. The microbiota rely on us, and in turn, we rely on
them, representing a truly symbiotic relationship. An imbalance of
healthy and derogatory bacteria can lead to uncontrolled processes
resulting in the development of chronic conditions, including
cancer.>'™? Results of recent investigations have suggested that
specific hormones, particularly estrogen, and the gut microbiome
might act synergistically in the development of obesity, type 2
diabetes mellitus (T2DM), and cancer.>'?

Metabolic syndrome is characterized by central obesity, T2DM,
hypercholesterolemia, insulin resistance/hyperinsulinemia, and
hypertension (Table 1). Metabolic syndrome is the result of life-
style choices that are modifiable by healthy changes."*'” Recom-
mendations addressing lifestyle adjustments that influence breast
cancer survivorship are evidence based.”” The underlying reasons
for their effectiveness are multifactorial, poorly understood, and
often vague. In this report, we address potential factors that play
a major role in breast cancer survival, particularly those that are
influenced by the gut microbiota. The potential ability to ma-
nipulate our gut microbiota through lifestyle recommendations
may positively affect survival.

Table 1. Characteristics of the Metabolic Syndrome

+ Obesity (central)

* Hypertension

+ T2DM (often related to obesity)

* Hypercholesterolemia (LHDL, 1 Triglycerides)

* Hyperinsulinemia (insulin resistance)

Table 1. Characteristics of metabolic syndrome
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Since 2010, the recognition of the gut microbiota on human
health has been monumental, as demonstrated by the number of
medical publications in well-respected, peer-reviewed journals.'®
We are beginning to understand that a large portion of our im-
munity resides in the human gut microbiota and that this ecologic
system, in and of itself, is a unique “organ.” The roughly 37 trillion
cells in an average human are far surpassed by the nearly 100 tril-
lion bacterial cells, which account for an estimated 2.25 to 2.7 kg
(5-6 Ib) of an average human’s weight.'” Furthermore, a human’s
DNA is outnumbered by the DNA of these microbes by a factor
0£100 to 800.%The role of the gut microbiota and their effect on
dysbiosis (alterations in gut diversity) needs further investigation
and may identify potential links in the development of cancer.*
The recently discovered estrobolome—those bacteria that are the
subset of the microbiota possessing genetic traits responsible for
estrogen metabolism and degradation—plays an important role
in the development and/or progression of breast cancer.”

There is little literature addressing the influence of the hu-
man gut microbiota on long-term breast cancer survivorship.
We address how lifestyle and the gut microbiota influence these
concerns here and in Appendix 1.

DISCUSSION

Breast cancer survivorship is on the rise.?* Nearly 90% of
patients survive at least 5 years after diagnosis. Breast cancer is
no longer considered an acute disease; rather, it is now a chronic
condition.”? This creates an opportunity to improve the lives of
survivors through lifestyle choices. The Western lifestyle (a diet
high in sugar and fat, low in fiber, and minimal activity), however,
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puts one at risk of breast cancer. What has been referred to as
the standard American diet results in obesity, insulin resistance,
dysbiosis, and inflammation.’ Insulin also stimulates the synthe-
sis of insulin growth factor-1 (IGF-1), linked to tumor growth
and metastasis. Both estrogen and IGF-1-mediated signaling
are increased in obese postmenopausal women.?” “Cross-talk”
between such pathways represents an important link to tumor
progression. Obesity leads to a pathway of subclinical inflam-
mation; adipose tissues contribute to insulin resistance as well
as cancer development and progression. Activated macrophages
in adipose tissues in obese individuals produce proinflammatory
mediators. Obesity leads to insulin resistance, an increased level
of insulin, IGF-1, a decrease in adiponectin (the fat-burning
hormone), and an increase in leptin (the satiety hormone).?”%
Leptin promotes angiogenesis, whereas adiponectin inhibits the
same.”® Obesity has been associated with an increased risk of
postmenopausal breast cancer in addition to multiple metabolic
disorders.” Several biologic mechanisms may contribute to a
worsened prognosis of obese patients with breast cancer. This
is at least in part the result of the presence of comorbidities in
patients with breast cancer (Figure 1).172*%

Metabolic syndrome is a cluster of conditions that predict an
increased risk of cardiovascular disease and T2DM.** Although
major attention regarding this syndrome has focused on cardio-
vascular disease risks, results of recent studies suggest that the
metabolic syndrome also plays an independent role in increas-
ing the risk factors for breast cancer.’ Yet, the conditions that
define this syndrome are modifiable by lifestyle changes. A well-
recognized risk factor for breast cancer and recurrence, obesity
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Figure 1. Impact of lifestyle on breast cancer.

Although the diagram separates diet and inactivity, they are intimately connected, leading to an increase in

obesity, T2DM, and ultimately an increase in inflammation.

IGF1 = insulin growth factor 1; SHGB = steroid hormone-binding globulin; T2DM = type 2 diabetes mellitus.
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may also be substantially influenced by our gut microbiome.**In
addition to its capacity to store lipid, adipose tissue should be
viewed as an active endocrine and metabolic organ. The human
gut microbiome is intimately associated with obesity.”

A major factor underlying the increased risk of hormone
receptor-positive breast cancers in obese women is an elevated
estrogen level, which is related to increased adipose tissue mass
and the production/storage of multiple inflammatory mediators.’
Such proinflammatory molecules have been linked to tumor pro-
gression and the upregulation of aromatase (the enzyme respon-
sible for the conversion of testosterone to estrogenic compounds
and unwanted byproducts of cholesterol metabolism).?” Obesity
also leads to insulin resistance, hyperinsulinemia, and impaired
glucose tolerance. High levels of fasting insulin in patients with
breast cancer have been associated with distant recurrence, me-
tastases, and increased mortality. Insulin has been implicated in
cancer progression by virtue of its mitogenic, antiapoptotic, and
proangiogenic properties.

Physical inactivity promotes stress, inflammation, and psy-
chological issues such as depression, which are influenced by the
gut microbiome. Obesity and self-image concerns may further
contribute to depression. Physical activity after breast cancer
decreases cancer recurrence by 24%, decreases the risk of breast
cancer-related death by 34%, and decreases all-cause mortality
by 41%.% Observational evidence suggests a primary reduction
in breast cancer between 30% to 50% with regular physical activ-
ity.* Even exercise such as walking for 30 minutes a day, 5 times
per week, may appreciably affect overall health. Physical activity
guidelines for health in the US have recently been updated and
have concluded that a sedentary lifestyle may be responsible for up
to 10% of premature deaths.*” Although the “Physical Activity
Guidelines for Americans” report is noteworthy and applauded,
there was absolutely 70 mention of the role of lifestyle or its pro-
motion as an interventional strategy in the article by Giroir and
Wright.* The article did not specifically address cancer survivor-
ship or issues regarding the composition of the gut microbiota,
which have been identified as playing a major role in fitness and
survival.®® However, it did note the importance of physical activity
for overall health. Additional studies have demonstrated that the
adoption of a healthy lifestyle after a breast cancer diagnosis may
decrease mortality rates by up to 50%. This can be accomplished
if patients adhere to the adoption of a high fruit/vegetable diet
(4-5 servings per day) coupled with regular physical activity (30
minutes/5 times per week).*

Lifestyle medicine, as it relates to breast cancer survivorship,
relies on 3 major pillars: diet, physical activity, and stress manage-
ment. Stress management is outside the scope of this article; it is
extensively discussed elsewhere.>”*** There remains considerable
debate regarding the association of diet, physical activity, and can-
cer prevention.* Medical advances in treating chronic conditions
have seen a revolution since the turn of the 21st century. Perhaps
2 of the most important advances have been 1) the identification
of epigenetics (turning genes on and off) and the modification
of gene expression as opposed to the alteration of the genetic
code itself, which can be influenced by lifestyle,>”** and 2) the
recognition that the human gut microbiome plays a major role

in overall health.** We believe the identification of the human
gut microbiome equals the importance of the discovery of aspirin,
antibiotics, and vaccines. Our bodies are inhabited by trillions
of microorganisms that are vital to our survival, the majority of
which reside in the gastrointestinal tract, particularly in the large
intestine.'®**° The exact number/ratio of human cells vs gut
microorganisms and the ratio of their DNA has been debated.
Further investigation is needed to resolve these figures. One fact
is indisputable: the role of the gut microbiota is indeed important
and regulates our well-being.*?

'The human microbiota represent the constellation of micro-
organisms that inhabit our bodies. The complex interactions of
the gut microbiota remain beyond our understanding, regardless
of numerous advances in genomic profiling.”*** More than 50%
of our gut microbiota refuses to be cultured or identified outside
the body using current technologies.®3*

Nearly 90% of our gut bacteria are composed of 2 major phyla:
Bacteroidetes and Firmicutes.**>>* These phyla and their ratios
have been extensively studied; however, our understanding of
them and their interactions remains elusive.’>**” Improper ra-
tios of thousands of species have been linked to the development
of multiple chronic conditions and account for more than 80%
of all chronic maladies.””#%%5 When the ratios are optimal,
these gut microbiota provide valuable services (energy produc-
tion through the fermentation of foods, synthesis of vitamins, the
building of amino acids, and a general oversight of the immune
system halting infections), keeping chronic conditions at bay and
preventing disease.

Diet plays an integral role in the complex interrelationship
between the human gut microbiota, estrogen metabolism, and
its influence on breast cancer recurrence as well as metastatic
potential. The standard American diet results in the increased
propagation of unhealthy bacteria, which contain high levels of
B-glucuronidase. This enzyme is responsible for deconjugating
estrogen and returning it to the circulatory system, thus raising its
availability to further fuel estrogen-responsive cancers. This diet
results in a decrease in the production of short-chain fatty acids
(SCFA; butyrate, propionate, and acetate), which play a major
role in the prevention of “leaky gut syndrome.” This syndrome is
responsible for the flow of harmful inflammatory products into
the circulatory system, influencing the development and recur-
rence of breast cancer. Inflammatory proteins promote insulin
resistance and support leptin, which influences carcinogenesis.*
Insulin binds steroid hormone-binding globulin (SHBG), in-
creasing estrogen availability, promoting higher estrogen levels,
and contributing to breast carcinogenesis.?”*! Adiponectin levels
are decreased, resulting in insulin resistance and increased levels
of IGF-1, which promote cell proliferation.?”

In contrast, a whole-food, plant-based diet (especially one
high in fiber) results in the promotion of “healthy” microbiota.
By decreasing the activity of B-glucuronidase, circulating estro-
gen levels are minimized, and SGBH is increased along with
the fecal excretion of estrogen. As SCFAs are increased, they
protect the colonic mucosa from developing leaky gut syndrome,
decrease inflammation, and potentially lower the risk of breast
cancer.* #0265 Estrogen is conjugated in the liver and excreted
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Figure 2. Dietary influence on gut microbiota/microbiome and estrogen metabolism.

SHBG = steroid hormone-binding globulin.

into the gastrointestinal tract; estrogen is deconjugated by bac-
terial glucuronidase and is reabsorbed as free estrogen into the
bloodstream. Multiple bacteria are involved in this process;
however, which bacteria are high producers of f-glucuronidase
remain controversial (Figure 2).%07

'The current literature regarding the gut microbiota is confusing
and contradictory as a result of 2 factors. First, only recently have
we acquired technologies that effectively identify an important,
albeit small, portion of the microbiota. Second, there appears to be
a disconnect that surrounds the interaction or interactions of these
bacteria. What is currently understood are the major bacteria and
their phyla, which are summarized as follows. The phylum Fir-
micutes includes the genera Lactobacillus and Clostridium (various
subtypes), the phylum Bacteroidetes includes the genera Prevetella
and Bacteroides,and the phylum Actinobacteria includes the genus
Bifidobacterium. These are believed to be the major producers of
SCFAs that result in a decreased breast cancer risk, recurrence,
and mortality. There is evidence that 1 or another of the phyla
in the gastrointestinal tract may be responsible for the majority
of SCFA production. It appears that the primary producers of
butyrate (the major colonic epithelial protector) are Firmicutes.®®
Bacteroidetes may increase propionate, another beneficial SCFA,
although this has been less extensively studied.®”

Firmicutes and Bacteroidetes are the major colonic phyla re-
sponsible for the metabolism of fiber and polyphenols. Multiple
studies have reached different conclusions on the impact of
these phyla, particularly as they relate to obesity (a major risk
factor for breast cancer).!**»%6770 Leaky gut syndrome and the
inflammation associated with it may well be minimized by the

consumption of a high-fiber diet, leading to the production of
SCFAs and intestinal alkaline phosphatase.”! Intestinal alkaline
phosphatase is a protein of the intestinal epithelium that plays
a major role in gut endothelial integrity. Along with SCFAs, in-
testinal alkaline phosphatase strengthens the tight junctions of
the colonic mucosa, decreasing the leakage of harmful pathogens
and their carcinogenic potential.>?*’>7* Chronic inflammation
may be promoted by the gut microbiota through its influence
on self-proliferation and apoptosis.>*¢7+7¢

Nonalcoholic fatty liver disease (NAFLD) affects nearly one-
fourth of the global population.””” This presence of fat in the liver
(hepatic steatosis) is a diagnosis based on exclusion of other causes
such as excessive alcohol consumption. Regardless of our poor
understanding of its etiology, NAFLD is of great importance and
a major cause of mortality, not only owing to the condition itself
but also as a harbinger of malignancies, including breast cancer.”’
'This association results from the fact that NAFLD is associated
with metabolic syndrome.”* Components of metabolic syn-
drome and its association with breast cancer have been described
and documented in numerous publications.®"** The influence of
NALFD on extrahepatic carcinogenesis and mortality has also
been noted.* The association is poorly understood; however,
multiple hypotheses to explain a carcinogenic link have been put
forth.® The common link appears to be an inflammatory state,
fueled by hyperinsulinemia and resulting in tumor proliferation.®

Inflammation, obesity, T2DM, and chronic conditions such
as cancer share common pathways, which are influenced by the
human gut microbiota.’”#"* This complex and intricate system
affects numerous distant organ systems.”! The idea that our
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microbial “friends” aid and participate in the promotion of our
health is hardly a new concept; in fact, such recognition dates
to the 20th century.’® Similarly, the association of inflammation
and cancer has long been recognized owing to the work of Vir-
chow.”>** Inflammation plays a role in most chronic conditions
and, if uncontrolled, leads to chronic processes that promote
tumorigenesis, from initiation to metastasis.”

In the diverse human gut microbiota exists a subset of bacteria
that possess the genetic capability to metabolize estrogen: the
estrobolome. These microbes favor fiber as their primary source
of energy. When a high-fiber diet is consumed, the estrobolome
increases the metabolism of estrogen and thus its elimination
from the body. Because nearly 70% of breast cancers are estrogen
fueled, a high-fiber diet contributes to estrogen elimination, rob-
bing breast cancer cells of a major fuel source. The “commonsense”
recommendation to increase dietary fiber in the setting of breast
cancer decreases inflammation. The increased consumption of
fiber and polyphenols, readily available from a whole-food, plant-
based diet, contributes to an overall increase in breast cancer
survival.>7*% The benefits of lifestyle recommendations in the
setting of breast cancer are summarized in Figure 3.

Our gut microbiota are not only subject to our dietary intake
but also are influenced by multiple prescription drugs and over-
the-counter medications. The Western population seeks a cure
for multiple conditions with a drug prescription. This has led to
a nation that relies on a “pill for every ill,” and such an ideology
may affect the gut microbiome (Appendix 2).

The Western world lives in a state of chronic inflammation
largely due to the standard American diet and low physical

activity, both of which are modifiable. The gut microbiota are a
major conduit in the inflammatory process. Our immune system
can only be challenged to a certain degree. When overcome by
oxidative stressors and chronic inflammation, we may no longer
be capable of responding to immunosuppressive conditions; the
development of malignancies is the result.”

Our sedentary lifestyle, the link between the gut microbiota
and obesity, is well known.>'® Overweight has now become a
pandemic with serious psychosocial ramifications.’! Obesity is
also an inflammatory state that promotes immune responses and
carcinogenesis.'%21% Carcinogenesis is fueled by the development
of obesity because fatty tissues (particularly in the midsection) are
largely responsible for the promotion and storage of numerous
proteins that promote inflammation and estrogen production/
storage, fueling most breast cancers.”*

Diabetes, now a pandemic, is recognized not just as a metabolic
condition but an inflammatory process as well.”1°1% The inter-
action of diabetes, obesity, and carcinogenesis is well known.”>%
Understanding the role of the human gut microbiome in breast
cancer survival, obesity, and the comorbidity of diabetes should
be a focus of further research. Interventional strategies need to
be identified starting with the promotion of a healthy lifestyle.

Emotional resilience (our response and recovery from a con-
siderable life-altering event) and the ability to deal with such
stressful issues (acute and chronic) are also influenced by the gut
microbiota. In particular, depression is an underaddressed con-
cern in women with a diagnosis of breast cancer.!®1° The gut
microbiota play an important role in our ability to deal with emo-
tional concerns because they are responsible for the production
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Figure 3. Benefits of lifestyle recommendations for overall disease-free survival in breast cancer.
CVD = cardiovascular disease; IAP = intestinal alkaline phosphatase; SCFA = short-chain fatty acids.
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of multiple neurotransmitters, including y-aminobutyric acid,
norepinephrine, serotonin, and dopamine."""""* The human gut
is responsible for the production of nearly 90% of the neurologic
regulators of chemicals that affect our emotions.

A whole-food, plant-based diet contributes to the favorable
ratio of Firmicutes/Bacteroidetes. Fat and dairy consumption
increases Bacferoidetes, whereas plant and fiber consumption in-
creases Prevotella, Akkermansia,and other favorable bacteria. 17
Most research to date has addressed only the bacterial population
of the gut, and the investigation of the other microorganisms
has received little attention. The complex interactions of these
inhabitants have yet to be discovered but are certain to exist. The
gut microbiota may be our most powerful endocrine regulator,
because it affects nearly all distant organs and their appropriate
functions.!®!" There exists a cross-talk between our immune
system and the microbiota with the constant exchange of signals,
serving as an alarm for immune system activation. The population

Sidebar 1: The Lifecycle of the Gut Microbiota
The gut microbiota is established at birth as the infant passes
through the birth canal and becomes exposed to the vaginal
flora. In those born by cesarean section, such an early exposure
to the human microbiota is forfeited. Long-term consequences
on the future health of such individuals is influenced by their
microbiota habitants.” Additionally, the breast-fed child is also
exposed to additional bacteria, especially from colostrum,
which is rich in bifidobacteria and further adds to the coloniza-
tion of the newborn gut. Lack of early colonization of the young
gut has been documented to result in a number of future
chronic conditions.? The inhabitants of the young gut microbio-
ta appear to play a significant role in the establishment of early
onset immunity.* As the impact of the gut microbiota becomes
further unraveled, we are starting to realize that as we age our
microbiota “ages” as well; a concept not previously recognized.
Each human cell has a natural life cycle with apoptosis (cell
death) as their final destination. Currently, we hardly possess a
full understanding of the complete life cycle of the nearly 100
trillion gut microorganisms that occupy our gastrointestinal
tract. Despite lack of such information, we do understand that
the gut microbiota is also subject to an aging process.>® Telo-
mere length, which decreases with age, has been recognized as
a bio-marker of aging and its association with the development
of malignancies has been noted.>® Bacterial DNA also possess
telomeres, which decrease in length with aging, resulting in a
reduced lifespan.

Because of our newly acquired understanding of the impor-
tance of the gut microbiota, recent attention has also been di-
rected to the importance of educating health care practitioners
and patients regarding a healthy lifestyle. This must begin with
a focus on nutrition education—the food sources that feed and
promote a healthy gut microbiota.” As with all living organisms,
the health of the microbiota is determined by the quality of the
nutrients consumed. There exists a significant lack of nutritional
education in medical schools and post-graduate training. As
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of our bacterial occupants is affected by dietary choices. Our gut
microbiota represent an individual genetic “fingerprint” of each
of us, as unique individuals, with no 2 being alike (Sidebar 1: The
Lifecycle of the Gut Microbiota).

CONCLUSION

Breast cancer is now a chronic condition and is no longer an
acute disease with the mediocre cure rates of decades ago. As such,
there is time to intervene and provide healthy lifestyle recom-
mendations that affect long-term, disease-free survival. Dietary
recommendations are of major importance as they influence
the gut microbiota, a major factor in increasing immunologic
strength. Additionally, management of breast cancer survivors
is now recognized as a new subspecialty. More health care pro-
grams are emerging that address long-term issues related to this
ever-expanding population. Most individuals with breast cancer
far exceed a 5-year disease-free survival. Dietary and lifestyle

such we are ill-prepared to provide basic and much needed
nutritional advice for the prevention and reversal of chronic
conditions. Recent publications have called attention to this im-
portant matter.”'®'? Ultimately a healthy, high-fiber, whole food
plant-based diet, combined with an active lifestyle, reduces the
risks of comorbidities, improves health, and improves breast
cancer survivorship.
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interventions can play a major role in furthering this success.
Interventions include alterations that reshape the human gut
microbiota through dietary recommendations and increasing
the microbial diversity, which can substantially affect long-term
health, particularly in breast cancer.

Much of the information published about the microbiome
in well-respected, peer-reviewed journals reports contradictory
conclusions, strengthening the need for further research. Regard-
less, there is evidence that the gut microbiome plays an important
role in breast cancer survival. We remain in a place of ignorance
regarding our understanding of not only the gut microbiota
but also their complex interactions. A deeper understanding of
the microbiota will result in the development of biomarkers for
breast cancer and other cancers, perhaps allowing for even earlier
diagnosis and a further increase in survival. It is time to imple-
ment changes in our lifestyle to further avert a fast-approaching
disastrous course.

The composition of our microbiota depends on our lifestyle
and may possibly become the most important factor in health
maintenance. It is obvious that lifestyle patterns, both dietary and
activity concerns, influence the gut microbiota’s flora in complex
ways. Consumption of a poor diet and a sedentary lifestyle have a
substantial impact on our gut microbiota. As physicians, it is our
duty to promote and educate ourselves and our patients regard-
ing the dramatic impact of lifestyle on overall health. Providing
such guidance could well replace numerous future surgeries and
prescriptions. ¢
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Appendix 1: Adverse effects of currents treatments for breast cancer and the gut microbiome

Cardiovascular Concerns

Cardiovascular disease (CVD) is the current leading cause of
mortality in women in the United States."* Although mortal-
ity rates for CVD have declined in recent years, this decline
has waned.* Recent information appears conflicting regard-
ing long-term toxicities of current regimens employed to treat
breast cancer.’ Survival following breast cancer has increased in
the past decades, and as such, increase the risk of death from
cardiovascular events simply due to aging. Cardiac events exceed
the risk of death from breast cancer or its recurrence.»>¢8 Cur-
rently employed chemotherapeutic agents

invasive radiotherapies years ago and, thus their cardiovascular
adverse effects may only be peaking at 10-20 years post exposure.
As such, cardiovascular adverse effects are more likely to occur
in this aging population.”? (Figure 1)

Cardiovascular health is influenced by the bacteria that reside
in our gastrointestinal tract.”” The Standard American Diet may
promote the development of CVD by influencing the growth
and altering the ratios of good/bad bacteria.®® A major concern
is the recognition that the consumption of red and processed
meats results in an increase in all-cause mortality. Such foods

may result in future chronic cardiovascular

complications.>*!® Targeted biologic thera- Figure 1.

pies have assumed a prominent role in the

treatment of breast cancer portend short- and

long-term cardiotoxic effects.’"* Radiation Chemotherapy

therapy, as an adjunctive treatment in breast
conserving therapy (BCT), has been proven
equally effective compared with modified
radical mastectomy, and results in reduced
recurrence and mortality."*?° As radiotherapy
is undergoing a rapid evolution, (i.e. altera-
tions in schedules of administration, radiation
exposure, dosage, length of therapy, etc), we
anticipate potential cardiovascular effects will
diminish. However, many current survivors
had been subjected to more intensive and
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are high in L-carnitine and lead to elevated serum levels of tri-
methylamine which are hepatically converted to trimethylamine
oxide (TMAO) through the action of the gut microbiota. Red
meat intake reduction may decrease TMAQ formation, inhibiting
atherogenesis by the down-regulation of the macrophagic uptake
of oxidized endothelial cells. Additionally, this may minimize
damage to the colonic endothelial barrier decreasing the develop-
ment of the “leaky gut” syndrome.?>* The association of TMAO
production appears to be gut-microbiota dependent.?”*13

Bone Health Concerns

Breast cancer survivors are at an increased risk of developing
osteoporosis, as an adverse effect of current therapies, as well as
increased longevity. As nearly 75% of breast cancers are estrogen
driven, the use of aromatase inhibitors (Als; anastrozole, letrozole
and aromasin) in estrogen receptor positive breast cancers have
been markedly effective in decreasing recurrence,** however
Als can result in a substantial and often rapid decrease in bone
mineral density and contribute to an increased risk of fracture.3*%
Osteoporosis, the destruction of the bony matrix, is a condition
often unrecognized until a fracture event. Risk factors for the
development of osteoporosis have been identified and aggressive
interventions for prevention are needed.***! Multiple prescription
drugs, especially for minimal indications such as gastrointestinal
symptoms related to acid reflux and psychotropic drugs for de-
pression also promote the development of osteoporosis. These,
among other frequently prescribed medications, account for more
than 100 million prescriptions annually.**’ Recent studies have
established an association between the human gut microbiota and
bone metabolism.***? The exact mechanism of bone metabolism
regulation by the gut microbiota is unclear, however multiple
pathways have been proposed. These include influencing the im-
mune and endocrine systems as well as potential interference with
the absorption of calcium.*®*3** A healthier microbiota could be
beneficial in maintaining bone health of breast cancer survivors.

Hormonal Blockade Concerns

'The majority of breast cancers are endogenous estrogen driv-
en,’® a favorable characteristic associated with less aggressive
disease. More than 30 years of data demonstrate the effect of
hormonal blockade in decreasing death rates.**** Strong evi-
dence suggests overall disease-free survival in patients adhering
to long-term hormonal blockade. Unfortunately, a substantial
number of patients who would benefit from such therapeutic
interventions do not avail themselves of this proven recommen-
dation. Rates of compliance to a 5-year regimen only approach
30% to 70%.%%” Previous studies have demonstrated a higher
recurrence rate and an increase in mortality in those discontinu-
ing the recommended 5-year regimen.®®¢* More recent studies
suggest that a 10-year protocol may result in a further increase in
overall disease-free survival.”>7? Adherence to a five-year regimen
appears to be beyond many patient’s capabilities; asking them to
adhere to twice that number of years, as previously recommended,
presents an even further challenge.® Lifestyle recommendations,
particularly dietary changes, may be beneficial for patients who

Breast Cancer: Lifestyle, the Human Gut Microbiota/Microbiome, and Survivorship

cannot tolerate the adverse-effects nor adhere to such long-term
anti-estrogenic therapies.

'The gut microbiome is intricately involved in the regulation
of estrogen levels. A dysbiotic environment plays a crucial role
in circulating estrogens. Within the nearly 100 trillion microbes
that inhabit us, there exists a subset of these colonizers known to
possess the genetic capability to influence estrogen metabolism,
the “estrobolome.””*”* Although systemic estrogen modulation is
beyond the scope of this article, the reader is directed to several
comprehensive reviews of this issue.®747

Thromboembolic Concerns

Cancer, regardless of tissue origin, is a prothrombotic state,
well recognized since the German physician Virchow originally
identified the association of cancer and inflammation in 1863.50-%2
The second leading cause of death in patients diagnosed with a
malignancy is, in fact, a thromboembolic event.” Patients with
a cancer diagnosis have a 4- to7-fold increased risk of a throm-
boembolic event compared with those without cancer.’*%® An
important adverse effect of anti-estrogenic therapy is an increase
in the risk of thromboembolic events. Tamoxifen, the earliest
and most frequently prescribed hormonal blocker increases the
risk of such an episode by1% to 2%.%¢* The human gut micro-
biome directly increases the potential of a thromboembolic event
through its role in the generation of trimethylamine and in the
up-regulation of platelet production, increasing the risk of throm-
bosis. The association between TMAO (oxidized trimethylamine)
production and the consumption of foods high in L-carnitine
(red meat), and choline (poultry, fish and dairy) is well known.
TMAO production is easily influenced by modifying our diet
decreasing thrombogenesis. 333192

76-79

Emotional Concerns

Depression and anxiety, so prevalent in the modern world,
are major risk factors affecting health. Depression is projected
to be the second-largest health care burden within the next
few years.” Depression is particularly relevant in the setting of
breast cancer as it is often unrecognized, under addressed, and
inadequately treated.®****% Depression has also been associ-
ated with an increase in CVD.* Undiagnosed, depression can
diminish treatment adherence, resulting in inferior outcomes.”
Intensified screening, earlier interventions, and “cancer-specific
depression”counseling has become available.”®* The role of the
gut microbiome is now recognized as a contributor to depres-
sion and to overall mental health.'® This is the result of the gut
microbiota’s influences on the levels of circulating chemicals that
directly influence mood and affect. The role of diet, as it affects
depression and anxiety is an area of intense research as current
evidence supports such an association.!®1%
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Appendix 2: The impact of common pharmacologic interventions on the gut microbiota and breast cancer

Antibiotics

Recent concerns have been raised that the ongoing, indiscrimi-
nate use of antibiotics may result in an increase in the incidence
and fatality of breast cancer.! Lifesaving antibiotics are one of
the most effective therapeutics since their initial identification
by Ehrlich and Fleming in the early 20th century.? Undoubt-
edly, saving countless lives, these drugs may also have become a
significant threat to our future. Overprescribing, a common daily
practice, disrupts the normal flora of the gut microbiota and may
contribute to disease.® In 2015 nearly 300 million antibiotic
prescriptions were dispensed in the US; nearly one-third lacked
a proper indication.** Antibiotics, by destroying pathogens also
disrupt healthy bacteria and contribute to a state of dysbiosis.®
Furthermore, resistance to antibiotics develops as bacterial genes
evolve and the growth of multidrug resistant pathogens emerge.”
In addition to overprescribing, antibiotics enter our diet through
meat and dairy products that contain high levels of antibiot-
ics used prophylactically in animals. In fact, most antibiotics
produced in the US (18.4 million pounds) are utilized by the
agricultural industry.® Antibiotics, given in early childhood, also
have a profound influence on the development of future obesity.’
Antibiotics have a definitive impact on the gut microbiota, al-
though their exact interference requires further investigation.'%!!
Antibiotic use and its relation to breast cancer development has
been postulated, as these drugs may disrupt the phytochemical
metabolic pathways that influence the development and progres-
sion of breast cancer.!

Proton-Pump Inhibitors

Nearly 150 million prescriptions for proton-pump inhibitors
are written annually in the US to treat gastrointestinal complaints,
in particular, reflux.'*® The majority of such prescriptions are
proton pump inhibitors, which inhibit the gastric delivery of
acids.' Anti-reflux medications, first introduced in the 1980s,
contribute to decreasing the diversity of the gut microbiota.
Many of these medications are “over the counter” and are used
for prolonged periods, without demonstrable benefit, and beyond
professional control.” Bacteria originating in the oral cavity may
be altered by these medications and contribute to dysbiosis in
the distal gastrointestinal tract.*'® Such drugs also interfere
with breast cancer survival as they affect bone metabolism lead-
ing to the development of osteoporosis and fragility.!'* As our

understanding of the gut microbiome expands, the influence of
commonly prescribed medications and the role they play in the
development of disease progression deserves attention.'*?

Antidepressants

Antidepressants are yet another overprescribed medication in
the US. Nearly 10% of our population consume such drugs on
a regular basis.!”?"?2 These prescriptions have increased nearly
65% since 2010 and women are twice as likely to be prescribed
such medications.? Each year millions of prescriptions are writ-
ten; more than one-third are inappropriately dispensed, without
evidence of efficacy. Mental health issues, beyond depression, and
their relationship to the gut microbiome, are receiving increased
attention.”* Evidence is accumulating that the gut microbiota
communicates with the central nervous system influencing hu-
man behavior. The gut microbiota not only synthesizes, but also
respond to neurotransmitters that affect our mental health.>

Polypharmacy

Consideration must also be given to the issue of polyphar-
macy—the simultaneous prescription of multiple drugs which
is increasing in the aging population.?” It has long been known
that as the number of drugs prescribed rises, so do potential in-
teractions, often negating or potentiating effects of one on the
other or even resulting in adverse events. Polypharmacy needs
to be recognized as a growing problem as many malignancies
are also age related.”’*’ As the gut microbiota becomes further
characterized, newer targeted therapies may be developed that
affect overall disease-free breast cancer survival and long-term
cure.** Multiple other drugs affect the microbiotic ecology which
are beyond the scope of the current manuscript but are reviewed
in-depth and are available.’'%

References

1. Velicer CM, Heckbert Sr, Lampe JW, et al Antibiotic Use in Relation to the Risk of
Breast Cancer. JAMA 2004 291(7);827-35

2. Aminov R. A Brief History of the Antibiotic Era: Lessons Learned and Challenges for
the Future. Front. Microbiol. 2010.doi.org/10.389/fmicb.2010.00134

3. Davies J, Davies J Origins and Evolution of Antibiotic Residence. Microbiota Mol Biol
Rev 2010;74(3):417-33

4. Centers for Disease Control and Prevention Outpatient Antibiotic Prescriptions —
United States, 2014.cdc.gov/antibiotic-use/community/pdfs/annual report-2015.pdf

5. Fleming-Dutra K, et al Prevalence of Inappropriate Antibiotic Prescriptions Among US
Ambulatory Care Visits. JAMA 2018;315(17):1864-73

The Permanente Journal « https://doi.org/10.7812/TPP/19.129

The Permanente Journal « For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. All rights reserved.

SPECIAL REPORT



SPECIAL REPORT

Breast Cancer: Lifestyle, the Human Gut Microbiota/Microbiome, and Survivorship

6. Becuttini S, Taur Y, Pamer EG Antibiotic Induced Changes in the Intestinal Microbiota 20. Takanishi T, naito Y, Inoue R. The influence to long-term use of proton pump inhibitors

7. Perera M, Perera |. Fire in the Forest: Adverse Effects of Antibiotics on the Healthy Nutr. 2018;62(7):100-5
Human Gut Microbiome. Int J Med Rev 2018;5(1):19-26 21. Williams JW, Jr, Mulrow CD, Chiquette E, Noél PH, Aguilar C, Cornell J. A
8. Trends in U.S. Antibiotic Use, 2018.pewtrusts.org/antibiotic-resistance-project. systematic review of newer pharmacotherapies for depression in adults: evidence
9. Bailey LC, Forrest CB, Zhang P, et al Association of antibiotics in infancy with report summary. Ann Intern Med. 2000 May 2;132(9):743-56. DOI: http://dx.doi.
early childhood obesity. JAMA Pediatr. 2014; 168(11);1063-9.doi:10.1001/jama 0rg/10.7326/0003-4819-132-9-200005020-00011.
pediatrics.2014.1539 22. Diem SJ, Blackwell TL, Stone KL, et al. Use of antidepressants and rates of hip bone
10. Francino MR. Antibiotics and the Human Gut Microbiome: Dysbiosis and loss in older women: the study of osteoporotic fractures. Arch Intern Med. 2007 Jun
Accumulation of Resistance. Front. Microbiol.2015:1543.doi:10.3389/ 25;167(12):1240-5.
fmicb.2015.01543 23. Winerman L. By the numbers: antidepressants use on the rise. Am Psych Assoc.2017
11. laniro G, Tilg H, Gasbarrini A. Antibiotics as deep modulators of gut microbiota: (45):10;120
between good and evil.Gut.2016;65:1906-15. 24. Valles-Colomer M, Falony G, Darzi Y, et al. The neuroactive potential of the human
12. Targownik LE, Leslie WD, Davison KS, et al. CaMos Research Group The gut microbiota in quality of life and depression. Nat Microbiol. 2019 Apr;4(4):623-632.
relationship between proton pump inhibitor use and longitudinal change in 25. Cryan JF, Dinan TG: Mind-altering microorganisms: the impact of the gut microbiota
bone mineral density: a population-based study from the Canadian Multicentre on brain and behavior.Nat Rev Neurosci. 2012;13:701-12
Osteoporosis Study (CaMos) Am J Gastroenterol. 2012 Sep;107(9):1361-9. 26. Galland L. The gut Microbiome and the Brain. J med food. 2014.17(12),1261.72
13. Melgar S, Nieuwdorp M Are Proton Pump Inhibitors Affecting Intestinal Microbiota 27. Maher RL, Hanlon JT, Hajjar ER. Clinical consequences of polypharmacy in elderly.
health? Gastroenterolgy.2015;149;848-63 Expert Opin Drug Saf. 2014:13(1):10.1517/14740338.2013.827660
14. Imhann F, Bonder MJ, Vila AV. Proton pump inhibitors affect the microbiome. Gut 28. Panebianco C, Andriulli A, Panzienza V Pharmacomicrobiomics: exploiting the drug-
2016;65:740-8.doi:10.1136/gutjni-2015-33310376 microbiota interactions in anticancer therapies. Microbiome. 2018;6:92doi:10.1186/
15. Reveles KR, Ryan CN, Chan L, Cosimi RA, Haynes WL. Proton pump inhibitor use s40168-018-0483-7
associated with changes in gut microbiota composition. Gut. 2018 Jul;67(7):1369- 29. ReaD, Coppola G, Palma G, Barbieri A, Luciano A, Del Prete P, Rossetti S, Berretta
1370. doi: 10.1136/gutjnl-2017-315306. M, Facchini G, Perdona S, Turco MC, Arra C. Microbiota effects on cancer: from
16. Takagi T, Naito Y, Inoue R, et al. The influence of long-term use of proton pump risks to therapies. Oncotarget. 2018 Apr 3;9(25):17915-17927. doi:10.18632/
inhibitors on the gut microbiota: an age-sex-matched case-controlled study. J. Clin. oncotarget.24681.
Biochem.Nutr. 2018.62(1):100-5 30. Marchesi JR, Adams DH, Fava F, et al. The gut microbiota and host health: A
17. Bodai BI, Tuso P. Breast cancer survivorship: A comprehensive review of long-term new clinical frontier. Gut 2016 Feb;65(2):330-9. DOI: https://doi.org/10.1136/
medical issues and lifestyle recommendations. Perm J. 2015 Spring;19(2):48-79. qutjnl-2015-309990.
DOI: https://doi.org/10.7812/TPP/14-241. 31. Bastard QL, Al-Ghalith GA, Gregorre M, et al. systematic review: human gut
18. Vaezi MF, yang XY, Howden CW. Complications of proton pump inhibitor therapy. dysbiosis induced by non-antibiotic prescription medication. Ailment Pharmacol Ther.
Gastroenterology 2017;152:35-48 2018;47:332-45. Doi:10:111/apt. 14451
19. Lynch SV, Pederson O. the human intestinal microbiome in health and in disease. N 32. Maier L, Pruteanu M, Kuhn M, et al. Extensive impact of non-antibiotic drugs on

and Disease Trends Molec Med: 2016:22(6),458-78.

Engl J Med 2016;375:2369-79

on the gut microbiota: an age-sex-matched-case-controlled study. J. Con.Biochem.

human gut bacteria. Nature. 2018;555(7698):623-8.doi:10.1038/nature 25979.

The Permanente Journal « For personal use only. No other uses without permission. Copyright © 2020 The Permanente Press. Al rights reserved.

The Permanente Journal  https://doi.org/10.7812/TPP/19.129



