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ABSTRACT
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The decades-long global obesity epidemic has resulted in
steady increase in the incidence of obesity-related malignan-
cies. The associated diagnostic and therapeutic implications
present a clinical challenge for gynecologic oncology treat-
ment strategies. Recent studies have provided solid evidence

for an independent, linear, positive correlation between a
pathologically increased body mass index and the probability
of developing endometrial or postmenopausal breast cancer.
The pathogenesis is complex and the subject of current re-
search. Proposed causes include pathologically increased se-
rum levels of sexual steroids and adiponectin, obesity-in-
duced insulin resistance, and systemic inflammatory pro-
cesses. The scientific evidence for an association between
obesity and other gynecological malignancies is, however,
less solid. The clinical relevance of obesity as a risk factor for
epithelial ovarian cancer, cervical cancer and vulvar cancer ap-
pears to be negligible. Nevertheless, obesity appears to have a
negative impact on prognosis and oncologic outcomes for all
gynecological cancers. Whether or not this effect can be in-
terpreted as correlative or causal is still a subject of ongoing
debate.

ZUSAMMENFASSUNG

Als Folge der weltweit seit Jahrzehnten ansteigenden Adi-
positasprédvalenz stellen die zunehmende Anzahl an Neudiag-
nosen adipositasassoziierter Malignome und damit einher-
gehende diagnostische und therapeutische Implikationen
gyndkoonkologische Behandlungsstrategien vor eine Heraus-
forderung. Im Spiegel der aktuellen Studienlage besteht soli-
de Evidenz fiir eine unabhéngige, linear positive Korrelation
zwischen einem pathologisch erhéhten Body-Mass-Index und
der Erkrankungswahrscheinlichkeit fiir Endometrium- und
postmenopausale Mammakarzinome. Die Pathogenese ist
komplex und Gegenstand intensiver Forschung, pathologisch
erhohte Serumspiegel von Sexualsteroiden und Adiponekti-
nen, eine adipositasinduzierte Insulinresistenz sowie systemi-
sche Inflammationsprozesse werden als ursichlich diskutiert.
Fiir andere gynakologische Malignome zeigt sich die wissen-
schaftliche Evidenz weniger solide, Adipositas erscheint als Ri-
sikofaktor fiir epitheliale Ovarial,- Zervix und Vulvakarzinome
von vergleichsweise untergeordneter klinischer Relevanz. Ein
negativer Einfluss auf die Prognose und das onkologische Out-
come zeigt sich hingegen fir alle Tumorentitaten nachvoll-
ziehbar, wobei eine abschlieRende Bewertung, ob dieser Ef-
fekt korrelativ oder kausal zu interpretieren ist, weiterhin aus-
steht.
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Introduction

The global obesity rate has doubled in the years from 1980 to
2008 and continues to increase. In the European Union, depend-
ing on the region, between 10 and 30% of adults are classified as
clinically obese, and in the USA up to 40% of adults meet the def-
inition of pathologically obese, a rate which does not include
moderate overweight [1,2]. Based on the 2016 WHO definition
of a body mass index (BMI) of more than 30 kg/m?, obesity is as-
sociated with serious long-term health sequelae which affect al-
most all organ systems. In recent decades, scientific research has
begun to focus on the interaction between obesity and oncogen-
esis. Gynecological cancers occupy a key position, as postmeno-
pausal breast cancer and endometrial cancer - both of which
make up about 33% of all new cancer diagnoses in women in Aus-
tria per year - are the most common cancers associated with obe-
sity [3]. It is estimated that around half of all cancers could be pre-
vented based on our current level of research; around one third of
all cancers in the western world are ascribed to poor nutrition and
a lack of physical activity. In the words of the WHO at the start of
the 2000s, the clinical implications of new diagnoses of poten-
tially preventable cancers represents an “unheard-of health policy
challenge” [4].

Despite the association between obesity and cancer incidence
reported for decades and the increasing evidence of possibly
causal pathophysiological connections, scientific investigations
into the role of obesity in gynecologic oncology are far from com-
plete. Not least because, apart from the reported association as an
epidemiological risk factor for endometrial and postmenopausal
breast cancer, the data is limited. As the currently available data
largely consists of data from retrospective cohort studies, the
question whether the reported association should be interpreted
as causal or correlative cannot be conclusively answered [5].

Recently published research indicates that pathologically in-
creased BMI may be a negative predictor for recurrence and dis-
ease-specific overall survival. Current research is focusing on the
role of possible influencing factors such as increased perioperative
complication rates and lower response rates to cytotoxic chemo-
therapy regimens. Recent data have also indicated possibly clini-
cally relevant interactions between higher BMI and the response
to immunotherapies.

Given the rise in cases with disease and the new scientific data,
the well-known connection between obesity and gynecological
cancers is becoming more significant. The aim of this article is to
review the findings of current studies on the pathophysiology and
epidemiology of obesity and their clinical implications for the
treatment of gynecological cancers.

Pathophysiological Background:
Obesity and Oncogenesis

The increase in fatty tissue due to obesity is associated with nu-
merous pathological molecular changes which promote carcino-
genesis and can have a negative impact on the course of disease
in patients with gynecological cancers. In addition to the endo-
crine effects of the pathologically increased hormone production
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of adipocytes, obesity-induced insulin resistance and systemic in-
flammatory processes are also discussed as possible causes.

Obese fatty tissue is characterized by pathological infiltration
of immunocompetent cells. While, physiologically, the majority
of fatty tissue macrophages are anti-inflammatory M2 subtypes,
there is an increase in both the relative and the absolute percen-
tages of pro-inflammatory M1 macrophages in obese fatty tissue.
Pathogenetically this could be interpreted as an immune response
to cellular damage to the adipocytes caused by changes to cell
membrane permeability by excessive absorption of saturated
fatty acids [6]. Cytokines released by pro-inflammatory M1-type
macrophages (including tumor necrosis factor-a [TNF-a], inter-
leukin-6 [IL-6] and interleukin-1 B [IL-1[]) can have a direct onco-
genic effect through activation of the NFkB and |NK signaling
pathways and can cause oxidative DNA damage as a consequence
of inflammatory processes, resulting in an increase in the cellular
mutation load. Protective anti-inflammatory reqgulatory T-cells
(Treq) disappear in obese fatty tissue, which additionally contrib-
utes to amplification of a pro-inflammatory spiral [7]. Inflamma-
tory processes are not limited to fatty tissue; in obese patients
they lead to a measurable increase in the serum levels of IL-6 and
TNF-a, which subsequently also manifest through elevated C-re-
active protein (CRP) levels as markers of systemic inflammation
[8,9].

The second carcinogenic pathomechanism currently being dis-
cussed is obesity-induced insulin resistance. High insulin serum
levels have been found to exert growth-stimulating and antiapo-
ptotic effects in vitro and in vivo [10]. In the context of the chronic
increase in lipolysis associated with obesity, elevated free fatty ac-
id concentrations have been found to suppress insulin signaling
pathways [11,12]. Physiologically, visceral fat has a higher lipo-
lytic activity than peripheral fatty tissue, with predominantly
upper-body fat distribution contributing further to the develop-
ment of insulin resistance [13]. Elevated IL-6 and TNFa serum lev-
els induced by obesity-related inflammatory processes are
thought to lead to a synergistic increase in lipolytic activity [14].
Increased insulin sensitivity triggered by the somatic overexpres-
sion of insulin and fibroblast growth factor-1 (FGF1) receptors
sensitizes cells to the pro-proliferative effects of insulin, contribu-
ting to the development of endometrial hyperplasia [15].

The possible carcinogenic effect of the peptide hormones adi-
ponectin and leptin secreted by adipocytes is also being investi-
gated. Adiponectin increases cellular insulin sensitivity and has
an anti-inflammatory effect, with physiological adiponectin con-
centrations having an oncoprotective effect. Endocrine dysregula-
tion may therefore facilitate carcinogenesis [16, 17]. Leptin plays a
key role in satiety regulation by the hypothalamus. Obesity is as-
sociated with leptin overexpression, with hypothalamic leptin re-
sistance also leading to pathologically elevated concentrations.
Leptin also stimulates angiogenesis processes and is likely to have
a direct carcinogenic effect through the SAT3 signaling pathway.
It has also been suggested that leptin may increase estrogen lev-
els[10,18].

Obese fatty tissue is associated with pathologically elevated
estrogen levels as a consequence of the increased aromatase ex-
pression by adipocytes and the resulting increase in the aromati-
zation of androstenedione and testosterone. By binding to estro-
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gen receptors o or B, estrogen initiates the transcription of pro-
proliferative genes, which act as a growth signal for receptor-ex-
pressing gynecological cancers. Moreover, studies have reported
a direct mutagenic effect of elevated estrogen levels due to the
damage caused by oxidative estrogen metabolites, which can lead
to oxidative DNA damage and depurination [19]. In addition to in-
creased estrogen synthesis, obesity is also associated with signifi-
cantly decreased concentrations of the sex hormone-binding
globulin (SHBG) [20]. The relative loss of sex steroid-binding ca-
pacity again results in elevated serum levels of endocrine-active
estrogens. This corresponds to the increased risk of postmeno-
pausal breast cancer and endometrial cancer reported for patients
with decreased SHBG serum levels [21,22].

Current Clinical Data on Obesity
and Gynecologic Cancers

Endometrial cancer

The strongest correlation between obesity and the risk of devel-
oping a malignancy has been reported for endometrial cancer.
Widely validated scientific evidence has highlighted the strong,
positive, linear correlation between increasing BMI and the inci-
dence of disease as well as the strong, negative, linear correlation
with oncological outcomes. Currently, more than half of all newly
diagnosed endometrial cancers are associated with obesity and
could thus potentially be prevented. The association is strongest
in postmenopausal patients with endometrioid adenocarcinoma;
a cohort study of 33436 postmenopausal patients reported that
obese patients had a more than fourfold increased risk of develop-
ing endometrioid adenocarcinoma compared to normal weight
patients, while the risk of developing serous, clear-cell or other
high-grade cancers was more than twice as high [23]. This corre-
sponds to a 50% risk increase per 5 BMI units in patients with post-
menopausal endometrioid adenocarcinoma [24]. A similar BMI-
dependent risk constellation has also been reported for patients
with premenopausal endometrial cancer, although the data for
this is still limited [25]. Cancer-specific mortality is more than
twice as high for patients with a BMI between 30 and 34.9, and
in patients with a BMI of more than 40 it is more than six times
higher [26].

Breast cancer

There is also solid evidence for an association between obesity
and both the incidence and the prognosis of breast cancer,
although the respective risk can be stratified according to hor-
mone receptor status and menopausal status. Meta-analyses have
found an independent, positive, linear correlation between BMI
and postmenopausal, hormone receptor-positive breast cancer,
with an 82% increase in the relative risk of disease. This corre-
sponds to an increase of 10-32% for the relative risk per 5 kg/m?
increase in BMI. The slow but continuous increase in weight over
the years in this cohort was significantly associated with disease
incidence [27]. However, no association has been found between
BMI and postmenopausal hormone receptor-negative breast can-
cer [28,29].
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A higher premenopausal BMI is associated with a decreased
relative risk of hormone receptor-positive breast cancer, with
every BMI increase of 5kg/m? associated with a 10% lower inci-
dence. The underlying pathomechanisms are not clear [28]. An-
other meta-analysis observed a 43% increased risk for triple-neg-
ative breast cancer in populations of premenopausal women but
no significant association between obesity and triple-negative
cancer in postmenopausal women [30,31].

After adjusting for tumor subtypes and menopausal status,
obesity was found to increase the cancer-specific mortality risk
and risk of recurrence by about 35-40% as well as the probability
of developing distant metastasis and late recurrence. The avail-
able data do not show whether this is due to late diagnosis or
more aggressive tumor biology [32].

Epithelial ovarian cancer

The association between BMI and the risk of disease is only signifi-
cant for specific histological subtypes and not for all epithelial
ovarian cancers. This is according to the current state of research
which considers epithelial ovarian cancers as a heterogeneous
group of different malignancies. A meta-analysis of 13448 pa-
tients found no association between BMI and the incidence of
high-grade serous or high-grade endometrioid adenocarcinoma.
However, the relative risk of low-grade serous or low-grade endo-
metrioid ovarian cancer was increased by 13% and 20%, respec-
tively, with a linear positive association with increasing BMI. There
was also a weak association with an increase in the relative disease
risk for mucinous and clear-cell ovarian cancers of 17% and 19%,
respectively. The strongest association was for serous borderline
tumors, which showed a relative risk increase of 20-25% per
5 kg/m? BMI, while the increase was weaker for mucinous border-
line tumors at 9-11% per 5 kg/m? BMI. The pathogenetic reasons
have not been determined. The effect of BMI on disease risk was
found to be stable when compared to BMI data for early adult-
hood (age 18-20), which points to obesity as an independent risk
factor [33]. A retrospective multicenter study with 370 patients
found that BMI had no effect on the interval to recurrence,
although the study was not sufficiently powered to be able to
show differences between the different histotypes [34]. As re-
gards the known stronger effect on hormone receptor-positive
breast cancer and endometrial cancer, a subgroup analysis of
high-grade serous cancer stratified according to hormone recep-
tor status could provide clinically relevant findings. However, no
solid data are currently available.

Vulvar cancer

Data on obesity for patients with vulvar cancer is limited because
of the low incidence of disease. AGO-CaRE-1, currently the largest
study with a total of 1618 patients with vulvar cancer, analysed
the BMI values of 849 patients with squamous cell carcinomas
and found that the rate of local recurrence was twice as high in
the cohort of patients with a BMI of more than 30, although there
were no differences in the rates of distant recurrence. Similarly,
disease-free overall survival rates were 36% lower for this cohort.
Multivariate analysis showed this to be an independent factor,
although there were no differences in RO resection rates, chosen
therapies and response rates between groups [35]. Further analy-
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sis of the same cohort confirmed a higher rate of local recurrence
and shorter progression-free survival rates for obese patients
[36].

Cervical cancer

The currently available data on the association between obesity,
disease risk and disease-specific overall survival for cervical cancer
is inconsistent. While one meta-analysis of 128233 patients re-
ported a relative increase in disease risk of 8-40% for obese pa-
tients, the possible pathomechanisms remain unclear [37]. The
disease-specific mortality rate was higher for obese American
women of Caucasian origin, but this could not be verified for
obese Afro-American patients. It has been suggested that screen-
ing compliance of obese patients may be lower, and lower screen-
ing rates can lead to higher cancer-specific mortality rates [38].
According to a number of small case-control studies, part of this
effect could be due to the relative increase in the risk for adeno-
carcinoma but not squamous cell carcinoma [39,40]. A retrospec-
tive cohort analysis of 944 227 American screening patients which
included a total of 490 cases with cervical carcinoma highlights
the increased risk of disease for obese patients, while no differ-
ences were reported with regard to HPV status or histology. The
lower rate of diagnosed precancerous cervical lesions in this pa-
tient population indicates that screening quality is lower in co-
horts with higher BMI [41].

Complication Rates After Surgical
Interventions and Obesity

Operating times are longer and intraoperative blood loss is higher
during abdominal oncologic surgery carried out in obese patients,
and the rate of short-term postoperative complications is also
higher in this cohort. However, obesity had no impact on cancer-
specific long-term survival [42]. Although a retrospective cohort
study of 514 patients with endometrial cancer showed an in-
creased rate of mild postoperative complications, particularly in-
fection and wound healing complications after laparotomy, a find-
ing that was borne out by a retrospective systematic analysis of
8453 cases, no correlation was found with intraoperative compli-
cations or postoperative long-term morbidity [43]. This was also
confirmed for patients with ovarian cancer who had cytoreductive
surgery [44] and patients with cervical cancer who underwent
radical abdominal hysterectomy with pelvic lymph node dissec-
tion [45]. The oncologic prognosis of obese patients who had
breast cancer surgery was not poorer than that of non-obese pa-
tients; however, cosmetic outcomes were significantly poorer,
which also reduced postoperative quality of life [46]. Based on
the evidence obtained from large, retrospective cohort analyses,
a high BMI alone is not a contraindication for radical surgery in
gynecologic oncology patients. However, this does not apply to
patients with pre-existing obesity-related comorbidities [47]. Giv-
en the fact that no indications of an independent correlation be-
tween BMI and serious surgical complications have been found to
date, carrying out an individual risk-benefit analysis of the peri-
operative risk for obese patients is essential.
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Adjuvant Treatment Strategies

A non-systematic review of 66 studies found an association be-
tween obesity and poorer oncologic outcomes following cyto-
toxic chemotherapy in patients with ovarian or endometrial can-
cer. This effect can be ascribed, in the first instance, to the lack of
evidence about the pharmacokinetics of cytotoxic therapies in pa-
tients with a high BMI or calculated body surface. As regards cor-
relations between dose intensity and response rates, toxicity and
survival rates, all of the above suggests that the dose intensity
should be maintained, irrespective of the level of obesity [48-
50]. The guidelines of the American Society of Clinical Oncology
argue in favour of fully weight-adapted dosages of cytotoxic
therapies and against any reduction of doses, even though the
data, particular for morbid obesity, is extremely thin [51]. Even
though obese patients have higher toxicity rates, it was not possi-
ble to deduce a consequent negative impact on survival from this.
Although analysis of the prospective phase-Ill GAIN trial on adju-
vant dose-dense therapy strategies in 3023 breast cancer patients
found significantly higher toxicities compared to non-obese pa-
tients, the survival rates were the same, which points to subopti-
mal dose regimens in this patient population [52]. There are cur-
rently no comparable data for vulvar or cervical cancer.

Itis possible that obese patients with ovarian cancer also bene-
fit less from adjuvant bevacizumab therapy than normal weight
patients; however, the data on whether this effect is due to phar-
macokinetics or tumor biology is limited and unclear [53]. Com-
parable observations have also been reported for non-gynecolog-
ical malignancies [54].

Early clinical data obtained in the context of experimental im-
munotherapies investigating the therapy response to checkpoint
inhibitors (CPI) in patients with non-gynecological malignancies
could offer a counterpoint to the findings on cytotoxic therapies.
After adjusting for possible cofounders, an Italian retrospective
multicenter study with 876 patients, the majority of whom had
had malignant melanoma, kidney cell cancer or non-small cell
lung cancer, found significantly better response and survival rates
for both patients with BMI =25 and patients in the cohort with
BMI = 30. The reason for this was not clear; irrespective of possible
dosage bias, tumors encouraged by pathologically increased
obese tissue might respond better to CPI therapies. The same ef-
fect has also been previously described for smaller independent
cohorts, particularly for malignant melanomas [55,56]. But be-
cause similar data on gynecological malignancies is lacking, there
are currently no clinical implications for gynecologic oncology
[57].

Outlook and Future Issues

While BMI is an easy target because it is simple to use and cost-
effective in clinical practice, the validity of using BMI has repeat-
edly been criticized, particularly with regard to extreme values
and the lack of discriminatory data on muscle percentages or
body fat distribution. Clinical alternatives such as waist circumfer-
ence or waist-to-hip ratio could serve as prognostic factors, as
they reflect the oncogenic potential of visceral fatty tissue better.
However, the data on this is currently still limited. Although waist-
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» Table 1 Key messages on the clinical relevance and management of obesity and its association with gynecological cancers, based on tumor

location. Obesity is defined as a body mass index (BMI) =30 kg/m?.

Cancer location

Endometrium

Key messages: relevance for clinical practice

pre- und postmenopausal: positive linear correlation with incidence and poorer oncological outcome [23]

postmenopausal endometrioid adenocarcinoma: 50 % increase in relative risk per 5 BMI units [24]

Breast
(hormone receptor-positive)

postmenopausal: positive linear correlation with incidence and poorer oncological outcome [32]

postmenopausal cancer: 10-32% increase in relative risk per 5 BMI units [27]

premenopausal cancer: 10% increase in relative risk per 5 BMI units [28]

Breast

(hormone receptor-negative)
Cervix

Ovary (epithelial)

Vulva

postmenopausal cancer: relevance for disease risk and risk of cancer-specific mortality is clinically negligible [31]
premenopausal cancer: associated with development of triple-negative cancer [30]

relevance for disease risk and risk of cancer-specific mortality is clinically negligible'-?

relevance for disease risk is clinically negligible [35-36]

significantly shorter progression-free and disease-specific survival rates [35-36]

Therapy strategies
45]

Surgical: obesity without associated morbidity is no contraindication for radical surgical treatment strategies [43 -

Cytotoxic chemotherapy: fully weight-adapted doses associated with better oncological outcomes despite

higher toxicity [48-51]

T The relative increase in the risk of developing cervical cancer which has been reported in some studies is probably due to the poorer quality of screening

[41].

2 Arelative increase in the risk of developing low-grade, mucinous and clear-cell cancers has been reported, but because of the rarity of these histological

subtypes and the limited effect, the clinical relevance is limited [33].

to-hip ratio was identified as an independent prognostic factor in
a study of 4062 Chinese patients with breast cancer, there are cur-
rently no direct comparisons of the prognostic value of waist-to-
hip ratio compared to BMI [58].

Because of the negative impact of obesity on the probability of
recurrence and on cancer-specific overall survival, it has been sug-
gested that obesely increased fatty tissue could be a potential on-
cological therapy target in preclinical models [59]. Although
widely validated in non-oncological settings, clinical data on the
availability of anti-obesity drugs in oncological therapy are lack-
ing. Glucagon-like peptide 1 (GLP-1) receptor antagonists such
as liraglutide which inhibits insulin synthesis and decelerates gas-
tric emptying result in a clinical weight loss of 5-10% of body
weight within 20 weeks, with stable long-term effects if treat-
ment is maintained. The effect is comparable to that of other li-
censed preparations such as the lipase inhibitor orlistat or the se-
rotonin antagonist lorcaserin and is not inferior to bariatric sur-
gery [60,61]. A retrospective cohort analysis with a 5-year fol-
low-up after surgically enforced weight loss reported a reduction
in the risk of developing endometrial cancer of up to 40%. There is
also broad evidence for a decrease in serum concentrations of sex
steroids and insulin [62-64]. A forced reduction of obese fatty
tissue by the administration of drugs could therefore be a promis-
ing future therapeutic approach.
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Conclusion: Relevance for Clinical Practice

Obesity is an independent risk factor which considerably increases
the probability of developing endometrial and postmenopausal
breast cancer compared with normal weight patients. The epide-
miological associations for cervical cancer, vulvar cancer, epithe-
lial ovarian cancer and premenopausal breast cancer are plausible,
but the evidence is less solid and the reported effects less pro-
nounced, especially as HPV screening for the prevention of vulvar
and cervical cancer plays a far greater clinical role and no connec-
tion has been found for the most common high-grade serous sub-
types of epithelial ovarian cancer (» Table 1). The data on clinical
recommendations for action is thin. Based on current evidence,
patients with an increased BMI but no associated comorbidities
have no increased risk of serious complications during surgical pri-
mary therapy nor do they have higher perioperative mortality
rates, which is why radical surgical strategies are not contraindi-
cated. Similarly, dose-reduced cytotoxic chemotherapy regimens
for ovarian and endometrial cancer are associated with poorer on-
cologic outcomes in obese patients, and therefore the recom-
mendation is that obese patients are treated using fully weight-
adapted dosages despite the potentially higher toxicity. Despite
the known negative correlation between BMI, the probability of
recurrence and oncologic outcomes, because of the lack of evi-
dence, forced reduction of obese fatty tissue, either through
bariatric surgery or drug therapy, must be limited to clinical trials.
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