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Abstract

The epidemic spread of obesity is nowadays recognized as a global health and economic
burden, arising great interest in the scientific community. The rate of adult obesity
steadily increases concomitantly with the cancer incidence. As has been comprehen-
sively reported, obesity is included among the multiple cancer risk factors and can pro-
gressively cause and/or exacerbate certain cancer types, as colorectal and breast
cancers. The term adiponcosis was forged precisely to emphasize the interconnection
between obesity and cancer onset and progression. The underlying mechanisms of adi-
poncosis have not been fully elucidated yet, may vary on cancer type, and depend on
body fat distribution. It has been proposed that insulin resistance and related chronic
hyperinsulinemia, increased insulin-like growth factors production, chronic inflammation
or increased bioavailability of steroid hormones could be responsible of cancer hall-
marks. Additionally, it has been suggested that adipose tissue-derived hormones, cyto-
kines and adipokines, such as leptin, adiponectin and inflammatory markers, may reflect
mechanisms linked to tumorigenesis. This review summarizes the current evidence on
pathways, hormones, cytokines and low-chronic inflammation subtending adiponconsis,
focusing on breast and colorectal cancers. In addition, we analyzed the lifestyle inter-
ventions that could attenuate the driving forces of obesity-related cancer incidence and
progression. Moreover, current targets and drugs, their pros and cons, as well as new
mechanisms and targets with promising therapeutic potential in cancer are discussed.
Depicting this complex interconnection will provide insights for establishing new thera-

peutic approaches to halt the obesity impacts and thwart cancer onset and progression.
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1 | INTRODUCTION

The term adiponcosis, derived from the fusion of the words adiposis
and oncosis, was proposed in 2013 to highlight the increasing evi-
dence linking obesity to enhanced cancer risk.! However, the molecu-
lar mechanisms subtending adiponcosis are still to be deepen.
Worldwide, the burden of cancer attributable to obesity is 11.9% in
men and 13.1% in women,? and overweight/obesity are the main pre-
ventable determinants of the increasing incidence and prevalence of
cancer, surpassing smoking as a significant cause of cancer.® The
onset and progression of several solid tumors, such as colorectal,
breast, ovarian, thyroid and certain brain cancers, as well as hemato-
logic malignancies, have been associated with excess body weight.*”
Accordingly, reduction of overweight/obesity may decrease the bur-
den of postmenopausal breast cancer (BC) and colorectal cancer
(CRC), which represent two of the most frequent malignancies world-
wide. Ectopic fat deposition, as the pathological expansion of white
adipose tissue at intrahepatic, intra-abdominally, intramyocellular level
may affect metabolic, inflammatory and immunologic pathways. This
produce alterations of DNA repair, gene function, cell mutation rate
as well as epigenetic changes enabling malignant transformation and
progression.®? The positive energy balance linked with obesity
induces a variety of systemic changes including altered levels of insu-
lin, insulin-like growth factor-1 (IGF), leptin, adiponectin (APN), steroid
hormones and cytokines. Each of these factors alters the nutritional
milieu and has the potential to create an environment that favors
tumor initiation and progression. It is known that the prevalence of
overweight and obesity, mostly assessed by various anthropometric
measures including body mass index (BMI), is continuously increasing,
reaching pandemic proportions. Carcinogenesis and tumor progres-
sion induced by excess body weight are linked to the production and
secretion by the adipose tissue of numerous hormones, growth fac-
tors and proinflammatory molecules able to act both locally in the adi-
pose tissue and at systemic level in other organs.'© In cancer, several
oncogenic mutations, alter cellular metabolism to support the biomass
and energy demands of the hyperproliferative state. The chronic calo-
ric excess is stored as lipid in adipose tissue and may accumulate in
other metabolic organs (such as the liver) and skeletal muscle. An
increased amount of lipid significantly alters the normal metabolic
milieu and creates an environment that chronically transmits a signal
of nutrient excess to the cell. As a result, signaling cascades that drive
glucose uptake, cell growth, cell proliferation and angiogenesis are
activated and may lead to oncogenic transformation.!* This review
summarizes the current evidence on pathways, hormones, cytokines
and low-chronic inflammation subtending adiponconsis, focusing on
breast and CRCs. In addition, we analyzed the lifestyle interventions

that could attenuate the driving forces of obesity-related cancer

incidence and progression. In addition, current targets and drugs, their
pros and cons, as well as new mechanisms and targets with promising
therapeutic potential in cancer are discussed, providing potential sug-

gestions for further investigation.

2 | BIOLOGICAL MECHANISMS LINKING
OBESITY TO CANCER

21 | Hyperinsulinemia/insulin resistance

Several factors including adipokines, inflammatory cytokines, growth
hormones, hyperinsulinemia, impaired insulin signaling and the
reduced peripheral target tissues response to insulin (insulin resis-
tance, IR) have the potential to significantly contribute to cancer
development and progression through the regulation of several signal-
ing pathways: this mechanism has been reported for liver and pancre-
atic cancer. However, the cause/effect relationship linking cancers to
obesity is not completely understood.*?

A chronic hyperinsulinemia in basal/fasting condition and/or as
an enhancement of postprandial insulin secretion, resulting by insulin
hypersecretion and/or reduced systemic insulin clearance, is fre-
quently observed in obesity.™® It is commonly accepted that obesity
induces hyperinsulinemia, to overcome the induced IR. IR is triggered
by a complex genetic and environmental factors interplay. Several
genetic alterations in insulin receptor (INSR) and insulin signalling
pathway components have been identified. For example, INSRs over-
expression is frequently observed in liver cancer cells, maybe for a
gene transcription dysregulation [* and refs therein]. However, the
abnormal visceral fat accumulation in genetic susceptibility people is
considered the main IR driver. In addition, obesity causes IR by pro-
moting chronic inflammation.*®

Insulin and IGFs represent growth and survival factors for many
cell types; they are able to bind to each other's receptors, INSR and
IGF-1 receptors (IGFRs), and exert their oncogenic potential, by acti-
vating several downstream signaling including phosphatidylinositol
3 kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) and
mitogen-activated protein kinase (MAPK) pathway to promote cancer
cell growth, survival, motility, differentiation, angiogenesis and metas-
tasis (Figure 1) [*® and refs therein]. Particularly, obesity causes
increased levels of insulin and IGFs activating common downstream
signaling including PI3K/Akt/mTOR and MAPK pathway that promote
cancer cell growth, survival, motility, differentiation, angiogenesis and
metastasis. AKT phosphorylates BCL2, CASP9 and the transcription
factor FOXO to inhibit apoptosis. AKT also phosphorylates the
MDM2 proto-oncogene that inhibits the tumor suppressor TP53.
AKT phosphorylates mTOR that activate the substrates Sé6 kinase
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1 and elF4E-binding protein 1, which regulate mRNA translation initi-
ation and progression to control cell growth. Moreover, activation of
IR/PI3K/Akt signaling pathway stimulates p-catenin translocation into
the nucleus, increases the levels of VEGF, thus impacts the various
tumor cell behaviours. Insulin and IGF signaling impact cell survival
and proliferation through the RAS/RAF/MAPK kinase/ERK cascade.
Insulin augments the amount of farnesylated RAS available for GTP
loading in response to stimulation by other growth factors, by phos-
phorylating and activating the enzyme farnesyltransferase, involved in
RAS isoprenylation. Therefore, pharmacological and lifestyle interven-
tions to prevent/treat obesity and/or drugs targeting leptin and IGFs
signalling may reduce breast and CRC risk, improve clinical outcomes
of patients and control other comorbidities (Figure 1).

The major insulin signaling pathway components are frequently
mutated in cancer cells thus affecting cell proliferation and survival.}”*®
In addition, INSR downregulation by receptor internalization is lost in
cancer cells, considering their insensitivity to hyperinsulinemia.X* Chronic
hyperinsulinemia could also mediate tumorigenesis indirectly by decreas-
ing hepatic production of IGF-binding proteins 1 and 2 (IGFBP1/2),
resulting in an IGF-1 and IGF-2 tissue bioavailability increase able to acti-

vate mitogenic signalling pathways in several cell types.*?2°

2.2 | Obesity and low chronic inflammation
A chronic low-grade inflammation is associated with obesity and pro-
vide an additional link with cancer. The enlarged visceral fat tissue adi-

pocytes shift their secretome to a pro-inflammatory profile in which
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Pathways activated by INS/IGF-1 in obesity [Color figure can be viewed at wileyonlinelibrary.com]

cytokines and other mediators increase cell susceptibility to cancer
initiation or progression.?! In obesity, the expansion of adipose tissue
leads to the formation of hypoxic areas, where a limited supply of
oxygen triggers chronic low-grade inflammation and IR. In this sce-
nario, HIF1a upregulation induces ECM (Extracellular Matrix) dysregu-
lation with consequent chronic fibrosis, vascular inflammation and an
increased number of macrophages with a proinflammatory phenotype
recruitment in adipose tissue has been observed. MCP-1 drives the
macrophages and immune cells migration to the adipose tissue that
can modulate cancer transformation and progression.22'24 Adipose-
tissue macrophages (ATMs) are significantly increased in both obese
humans and mice where remove dead adipocytes.?>?® In obesity,
ATMs show a polarization towards the M1 proinflammatory pheno-
type (M1 ATMs).2” Cytokines such as TNF-o, IFNy, IL-1p and IL-6 and
pro-inflammatory immune cells, including various granulocytes, group
1 innate lymphoid cells (ILC1), B cells and CD8T cells, accumulate in
microenvironment to sustain chronic inflammatory responses.?®
Chronic hypoxia can lead to adipocytes stress or death, after
hypertrophy and hyperplasia. Macrophages surround dead or dying
adipocytes promoting the development of crown-like structures
(CLS). CLS-associated macrophages promote both vascular permeabil-
ity, producing high levels of cytokines and myofibroblast activation,
contributing to increased tissue stiffness in the obese adipose tissue

microenvironment.?’

The CLS formation in the obese adipose tissue
microenvironment is proposed as a hallmark of adipose tissue inflam-
mation and is correlated with IR and metabolic syndrome.*° The grow-
ing interest in using CLS as a prognostic biomarker is due to the

association of such structures with poorer prognosis in cancer
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patients. Indeed, both in breast and prostate cancer, a positive status
of CLS is associated with higher BMI and systemic markers of the
metabolic syndrome.3'3? Of note, CLS was positively associated with
increased aromatase activity in breast tissues. CLS presence was
related with high activity of NF-xB, able to regulate the expression of
several genes, such as TNFa, IL-16, IL-6 and COX-2-derived PGE2,
associated to increased aromatase activity in adipose tissue and other
oncogenic mechanisms.>3 Once inflammation is established in adipose
tissue, neutrophils participate to the network with several immune
cells such as NKs, lymphocytes, macrophages and dendritic cells.
For example, the serine protease neutrophil elastase cleaves insulin
receptor substrate 1 (IRS1), preventing its to binding to PI3K, thus
leading to IR in response to adipose inflammation.®*

Chronic adipocyte hypertrophy and hyperplasia, through inhibi-
tion of canonical WNT-p-catenin and PPARy signalling, can induce a
chronic activation of dendritic cells, with consequent T cell exhaus-
tion.®> On the other hand, an impaired CD8" T cell surveillance and
accelerated tumor onset and progression was reported in BC models,
where PDL-1 upregulation was observed in myeloid-derived sup-
pressor cells (MDSCs) after IFNy release from tumor cells.3® More-
over, mast cells, by producing IL-6 and IFNy induce various
proteases such as cathepsin S, able to promote cancer progression
and therapeutic resistance to cytotoxic therapies. Mice treated with
clinically available mast cell-stabilizing agents showed reduced obe-
sity and diabetes, highlighting the potential of multiple new treat-
ment targets going forward for these common human metabolic
diseases.®” Noteworthy, as in acute lymphoblastic leukemia adipo-
cytes and macrophages can sequester and catabolize chemothera-
peutic agents, reducing their therapeutic efficacy. So, a treatment
aimed to control both cancer growth and adiposity may improve
patient's survival, the quality of life and the response to chemother-
apy.837 In addition, IL-6 could induce cancer proliferation via STAT
signaling.*® TNF-a released by macrophages triggers the NFxB and
JNK-MAP4K4-AP1 (activator protein 1) pathways, thus amplifying
the mitogenic signals.**™*® In addition, high free fatty acid (FFA)
levels can amplify the proinflammatory response via NFkB signalling
and increased secretion of pro-inflammatory cytokines such as IL-6,
IL-1, TNF-a and MCP-1.%* Furthermore, NFxB may induce the
expression of target genes involved in cell migration, apoptosis,

angiogenesis and cell proliferation.

2.3 | Sexhormones

In the peripheral adipose tissue androgens and their precursors are
converted to estradiol by aromatase. Adipose tissue hyperplasia/
hypertrophy is responsible of high aromatase expression and activity
that induce high circulating estrogens levels.*>*¢ Estrogens via ERs
control cell proliferation, differentiation, apoptosis and cell migra-
tion.*” High estrogens concentration and ERa signaling dysregulation
are related to the incidence and mortality of hormone receptors posi-
tive BC in postmenopausal women.*®*° Insulin/IGF-1 and estrogen

signaling often exert a synergistic effect in carcinogenesis. Estrogens

elicit both insulin signalling, by increasing expression and activity of

50,51

insulin/IGF-I pathway components and IGF-1 production, stimu-

lating endometrial tissue tumorigenesis.>?> Hyperinsulinemia can affect
the hepatic sex-hormones-binding globulin (SHBG) synthesis,
thereby increasing the sex steroids bioavailability that positively

influence cancer development and progression.>3

3 | ADIPONCOSIS: DEEPEN THE GAP IN
OBESITY-ASSOCIATED BREAST AND
COLORECTAL CANCERS KNOWLEDGE

The comprehensive understanding of the contribution of body compo-
sition to the pivotal mechanisms inducing BC and CRC development is
challenging. In the past several decades, many studies have been car-
ried out to clarify the role of external factor in the cancer pathogenesis:
for this purpose, smoking, stress and obesity have been widely investi-
gated. According to the World Health Organization, obesity is defined
by excessive and atypical accumulation of adipose tissue, dangerous for
the individual's health. Chronic low-grade inflammation and alteration
of adipokines synthesis and secretion are often reported in over-
weight/obese patients. The infiltration of innate and adaptive immune
system cells enhances the secretion of both proinflammatory cytokines
and adipokines: the result is a chronic low-grade inflammation state
and the creation of a microenvironment advantageous for cancer devel-
opment.>* Adipokines are actively secreted by adipocytes and evidence
suggests their involvement in cancer progression and proliferation.
Among them, leptin and APN have been extensively investigated.”®
APN, one of the most abundant protein hormones secreted by the adi-
pose tissue, is implicated in the regulation of glucose blood concentra-
tion, controlling its cellular uptake. APN acts as insulin sensitizing
hormone and its blood concentration is inversely proportional to obe-
sity.>® APN exerts its function by activating AMPK and inhibiting the
PIBK/AKT/mTOR pathways, resulting in cell cycle arrest and induction
of apoptosis. Moreover, APN inhibits STAT3, whose activation is linked
to high proliferation and survival of tumor cells.>”

3.1 | Obesity and breast cancer

Globally, BC is one of the most frequently diagnosed cancer.>® Nowa-
days, besides family history and gene mutations, many environmental
factors are recognized as cancerogenic, and previous research showed
that overweight/obesity and physical inactivity play a pivotal role in BC

development.>”

There are several possible mechanisms subtending adi-
poncosis in BC: estrogen alteration levels, chronic adipose tissue
inflammation, leptin and insulin/IGF-1 signalling pathway activation.
Almost all women life is orchestrated by biological and functional alter-
ation of sex steroid hormones levels (pregnancy or menopause, for
example) that are often associated to body composition modifica-
tions.?%%? In premenopausal women, estrogens are predominantly syn-
thesized by the ovary. During menopause the production of estrogens

is performed at extra-glandular level, by characteristic cells of adipose
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tissue like the undifferentiated adipose fibroblasts: here plasma andro-
stenedione secreted by the adrenal glands is converted by Cytochrome
P450 aromatase complex in estrone.®? For obese postmenopausal
women, the abundant adipose tissue become the main estrogen syn-
thesis site responsible of the increase in its concentration.®® The aroma-
tase enzymatic complex is expressed also within normal and cancer
breast cells.®* It is notable that in breast tumour microenvironment, the
local estrogen concentration is much higher than blood.>® Moreover,
the SHBG levels decrease and consequentially increased level of free
estrogens that can be correlated to a higher BC risk is observed.®® The
molecular pathway linking estrogens to BC, should be investigated
firstly in estrogens metabolism that leads to the production of catechol
metabolites. Its oxidative metabolism induces the production of estro-
gen 3,4-quinone, an unstable product able to produce DNA damage.®®
In addition, the activation of the estrogen receptors (ERs) signaling
pathway needs to be deeply investigated. The activation of ERs results
in an increased cellular proliferation and apoptosis inhibition. Previous
studies reported that Adipose Stem cells (ASCs), occasionally found in
tumour microenvironment, contribute to the establishment and growth
of BC. The IL-6 and CCL5 secretion by ASCs is involved not only in BC
tumorigenesis, but also in metastasis formation.®”

Leptin shows an increased level in obese people, and it is positively

correlated with overall weight.%®

To our knowledge, BC onset can be
influenced by leptin in an endocrine, paracrine and autocrine manner.
Leptin stimulates pro-inflammatory cytokines secretion thus plumping
low chronic inflammation.’ The leptin binding to its receptor (Leptin
receptor, LEPR) activates three distinct signalling pathways: the
JAK/STAT pathway that induce cancer progression; the MAPK pathway
that enhance cell proliferation and the PI3K pathway that increase prolif-
eration, migration and invasion.” Insulin and IGF-1 can also increase the
expression of leptin and its receptor in mammary epithelial tissues, that
is associated with worse prognosis in BC.”? In addition, leptin increases
the BC development risk, particularly in postmenopausal women, that
result in estrogen synthesis stimulation, by aromatase activating.®®

In BC an increase in circulating insulin and estrogen concentration
with an APN expression level reduction have been reported.”> How-
ever, the precise mechanism of action of APN has not been fully under-
stood and conflicting results have been described.”® It has been
demonstrated that APN affects BC growth, aggressiveness and behav-
jour.”*”> In ERa-negative human BC cell line MDA-MB-231, APN
shows an antiproliferative effect by modulating the expression of genes
that control cell cycle progression, activates AMPK, inhibits Wnt/beta-
catenin and PI3K/AKT pathways.”27¢ In addition, mounting evidence
shows the existence of a crosstalk between APN/AdipoR1, IGF-IR and
ERa in BC. It has been demonstrated that low APN concentrations
enhances the association of IGF-1R with AdipoR1, APPL1, ER«, IGF-IR
and c-Src, leading to MAPK activation and BC cell proliferation.””

3.2 | Obesity and colorectal cancer

CRC is one of the most recurrent cancers with poor prognosis

worldwide. Several mechanisms have been proposed to explain
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adiponcosis in CRC. Altered adipokines production and the anoma-
lous expression of their receptors in obese patients promotes CRC
risk and affects CRC carcinogenesis.”® For example, a correlation
between overweight, low APN level and increased CRC risk has
been proposed.”? In vitro, it has been demonstrated that APN is
capable of inhibit CRC cell proliferation by activating AMPK path-
way and consequently inhibiting mTOR pathway. In the last
decades, several studies investigated leptin as a possible CRC
inducer. As previously mentioned, leptin exerts its biological func-
tion through JAK/STAT signalling pathway activation, contributing
to cell cycle progression. This signalling pathway results overstimu-
lated in CRC where LEPR expression level is increased compared
with the normal tissue.®°

In vitro studies revealed that the crosstalk among tumour micro-
environment adipocytes and CRC cells enhances their proliferation
and migration.®! In addition, the increased expression level of insulin/
IGF-1 and their receptors observed in obesity represents a major
driver in CRC pathogenesis, leading to CRC cells proliferation and
migration by PI3K/Akt and Src signal pathway activation.8283

The role of estrogen in obesity-associated CRC is complicated.
Some cohort studies indicated that estrogens play a protective role in
CRC pathogenesis, as revealed by estrogen replacement therapy.®*
However, several studies have shown that high BMI increased the CRC
risk in men and premenopausal women, but not in postmenopausal
women.2> The ER-o expression is increased in CRC, and positively cor-
relates with CRC stages and worse survival.®* The ER-B expression,
instead, is lower in CRC cells and inversely correlates with CRC, indicat-
ing that ER-p mediates the estrogens protective effect on CRC tumori-
genesis.8¢ This hypothesis is supported by the observation that ER-p
overexpression induced cell-cycle arrest and inhibited cell proliferation
and growth in SW480 cells and mouse xenografts model.8”

Inflammation also shows an important role in CRC by activating
proliferation, migration and metastasis.®® Indeed, TNF-a stimulates
NF-kB pathway activation that is indispensable for CRC carcinogene-
sis.8? Again, TNF-« induces the malignant transformation of intestinal
stem cells through the NF-kB and Wnt/p-catenin signaling pathways
activation.?® Tumour-associated macrophage induced inflammation
is related to CRC poor prognosis.”> For example, CCL2 knockout
in ApcMin/+ mice inhibited CRC growth and immune infiltration;
CCL2 promotes the MDSCs accumulation into the tumour micro-
environment and increased MDSC-mediated inhibition of T cells in a
STAT3-dependent manner. In addition, blocking CCL2 using anti-
bodies reduced tumour growth and MDSC infiltration in a murine

model of colitis-associated CRC.%?

4 | CURRENT  THERAPEUTIC STRATEGIES
TARGETING THE INTERPLAY AMONG
ADIPOSE TISSUE AND CANCER

Adipose tissue interacts and supports tumorigenesis in different ways.
Current therapeutic strategies aim to interfere with adiponcosis by tar-

geting the molecular crosstalk between cancer cells and adipocytes,
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inflammation status, lowering the excessive amount of adipose tissue
and/or by modulating the altered signalling pathways involved in

adiponcosis.

41 | Present and potential drugs targeting
adiponcosis

t’%; it is

Metformin is a drug used for type 2 diabetes (T2D) treatmen
also a potent insulin sensitizer, activating the INSR through enhanced
tyrosine phosphorylation. Metformin can improve obesity-associated
metabolic dysregulation by reducing the inflammation status associ-
ated with the adipose tissue.8® Metformin is able to influence the
inflammation by reducing the production of proinflammatory cyto-
kines through the inhibition of M1 ATMs and upregulation of the
anti-inflammatory M2 macrophages.”® Furthermore, it has also been
demonstrated that Metformin limits the adipocyte tumor-promoting
effect on ovarian cancer.”

Peroxisome proliferator-activated receptor y (PPAR-y) is
implicated in lipid metabolism.?>?¢ Indeed, its activation lowers
circulating lipids, by promoting their uptake and storage.”” PPAR-y is
also involved in several signaling pathways modulating immune
responses towards cancer cells.”® As for Metformin, PPAR-y ligands
influence the macrophage polarization, inhibit the expression of
pro-inflammatory molecules meanwhile promotes the maturation of
anti-inflammatory M2 macrophages.””?® This ability to regulate both
inflammation and immunity shows the potential of PPAR-y as a novel
therapeutic target for adiponcosis. TZDs, also known as glitazones,
are PPAR-y agonists.”” Pioglitazone, a TDZ used in T2D treatment,
reduces hyperinsulinaemia and showed interesting effects in obese
mice where it reduced the inflammation associated with the peripro-
static white adipose tissue.'°® Additionally, PPAR-y synthetic ligands
have been shown to increase APN levels in preclinical models and in
humans.'°* Although the leptin displays a well-established role in pro-
moting cancer growth, no pharmacological approaches targeting leptin
signalling are currently available for cancer prevention or treatment.
The pegylated leptin peptide receptor antagonist 2 (PEGLPrA2) inhib-
ited leptin signalling pathways and BC growth both in vitro and in vivo
experiments.’%? Interestingly, metformin has been shown to decrease
leptin levels in BC patients.%%

APN is a cytokine normally produced by the fat tissue and found in
human serum at concentrations of 2 to 20 pug/ml.1%*1% It has been
demonstrated that APN has ameliorative effects against IR, inflammation
and cancer, such as breast cancer.2%®1'! For this reason, the develop-
ment of new agonists mimicking the APN function in obese individuals
showing low APN levels could be a potential therapeutic approach for
adiponcosis. ADP 355, the first APN receptor agonist, showed promising
activity and stability in biological fluids as well as acceptable toxicity.!?

Strategies targeting IGF1R for cancer treatment have been
investigated in some studies and clinical trials. However, they showed
limited efficacy and often several side effects. Further investigations
are warranted to assess the applicability of strategies acting on
|GF1R.113-116

IGFs targeting represents an additional potential strategy. Mono-
clonal antibodies able to bind IGFs, as dusigitumab and xentuzumab
have demonstrated promising anti-tumour activity with a well-
tolerated toxicity.'*”"**® Specific aromatase inhibitors have showed
efficacy for ER+ BC prevention and treatment.'*? In addition, it has
been demonstrated that metformin and APN are endowed with the

potential to inhibit aromatase expression.}?%121

4.2 | The impact of diet and physical activity on
adiponcosis

The recognition of obesity as a leading modifiable risk factor for can-
cer development and mortality has triggered an active area of investi-
gation and a rationale for testing anti-obesity interventions in
oncology. Weight loss strategies targeting overweight or obese indi-
viduals account for most of these interventions. In the last decades,
lifestyle has increasingly become the subject of study for its correla-
tion with cancer. Diet, nutrition, physical activity, metabolic syndrome
and obesity are important players in cancer incidence worldwide.®122

Several epidemiologic studies highlighted the link between life-
style modification, and in particular differences in dietary pattern, and
cancer incidence and prognosis.*?3*2> On the other hand, nutrition
and physical activity, certainly influence normal homeostasis. Thus, a
careful control of energy balance (intended as relationship between
energy consumed, expended and stored in adipose tissue) could be
considered a successful strategy to improve both incidence, prognosis
and survival in cancer patients.

Recently, the contribution of the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC) study, has been reviewed to iden-
tify key factors linking dietary factors and other lifestyle exposures
such as alcohol, BMI and physical activity with cancer mortality.*?*
Dietary patterns, more than some individual foods, are associated with
lower cancer mortality. Of note, high adherence to Mediterranean diet
constitutes a protective factor, reducing overall cancer mortality risk.
Vegetarians/vegans diet or scarce meat consumers and fish eaters was
associated with a significant reduction of mortality from pancreatic
cancers, lymphatic/hematopoietic tissue cancers and all cancers com-
bined. Also, high pre-diagnosis intake of Vitamin D, have protective
effect on CRC mortality, while lignans protect from BC mortality. Pro-
cessed meat and alcohol increase the risk of cancer mortality. Accord-
ingly, in the Third Expert Report, the WCRF (World Cancer Research
Fund) exhaustively summarized the impact of diet, nutrition and physi-
cal activity on cancer-related biological processes. Vegetables and fruit
intake provide micronutrients and phytochemicals (eg, fibers, caroten-
oids, flavonoids, folates and vitamins) that have anti-tumor activity in
several cancers. On the contrary, red and processed meats allow to
intake mutagenic compounds like heme iron, heterocyclic amines and
polycyclic aromatic hydrocarbons that induce DNA-damaging. Alcohol
consumption is associated with production of carcinogenic com-
pounds, like acetaldehyde and ROS (Reactive oxygen species). More-
over, increased estradiol production and changes in hormone

metabolism are pro-tumorigenic consequence of alcohol intake.*?*
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Healthy lifestyle and a minimum of 150 min/week of moderate
intensity physical activity had a protective effect against overall can-
cer mortality. It is reported that aerobic activity decreases oxidative
stress and enhances DNA repair mechanisms, as well as stimulates
innate and acquired immunity and improves insulin sensitivity.*2*
Interestingly, in overweight or obese survivors of BC, aerobic exercise
affects metabolic syndrome biomarkers, like insulin, IGF-1, leptin and
APN, suggesting that physical activity could be beneficial also in
patients with BC that experienced postdiagnosis weight gain.*?°

Last but not least, high BMI (>35 kg/m?) and high waist circum-
ference increase the risk of overall cancer mortality.’>* However,
according to the so-called “obesity-paradox”, high BMI has been often
associated with reduced mortality.® Hence, studies limited to mea-
surements of BMI may be inappropriate, incomplete or misleading,
since BMI does not consider age, sex, race, cancer-induced illness and
does not reflect biology and quality of adipose tissue. Certainly,
weight-gain allow to metabolic and inflammatory changes in adipose
tissue microenvironment that are strongly connected to cancer devel-
opment. Therefore, keeping body weight and the volume of adipose
tissue under control through caloric restriction and exercise, could be
a valid therapeutic approach to contrast obesity-associated dysfunc-
tion.” Of course, different tumors might differentially respond to calo-
ric restriction. Consequently, additional studies are claimed to
understand and optimize this approach for effective clinical benefits.

5 | CONCLUSIONS

The relationship among obesity and cancer, resembled in adiponcosis,
is complex and multifactorial. The augmentation of adipose tissue
shows not only local effects, but also acts at systemic level, where it
can trigger several mechanisms that could be correlated to cancer
onset and progression. Strong and robust associations have been
reported for BC and CRC. The translation of these findings into effec-
tive clinical strategies is urgently needed to halt the accelerating
global burden of obesity-related cancer. Further studies should be
conducted to better elucidate the mechanisms underlying adiponcosis
and to discover additional targets that could be therapeutically
exploited to improve obesity-related cancer risk and outcomes.
Several drugs could be repurposed for obesity-related cancers preven-
tion and treatment. Lifestyle interventions, including an equilibrated
diet and a regular physical activity, also represent potential anticancer
strategies. However, additional efforts are needed to identify and

optimize a patient- and/or cancer-specific therapeuticstrategies.
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