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R E V I E W

Metabolic dysregulation in obese women and the
carcinogenesis of gynecological tumors: A review
Dragana Tomić Naglić 1,2∗ , Aljoša Mandić 1,3, Andrijana Milankov 1,2, Sla –dana Pejaković 1,2, Stefan Janičić 1,2,
Nikolina Vuković 1,2, Ivana Bajkin 1,2, Tijana Ičin 1,2, Mia Manojlović 1,2, and Edita Stokić 1,2

Obesity is a significant health issue associated with increased cancer risks, including gynecological malignancies. The worldwide rise in
obesity rates is significantly impacting both cancer development and treatment outcomes. Adipose tissue plays a crucial role in
metabolism, secreting various substances that can influence cancer formation. In obese individuals, dysfunctional adipose tissue can
contribute to cancer development through inflammation, insulin resistance, hormonal changes, and abnormal cholesterol metabolism.
Studies have shown a strong correlation between obesity and gynecological cancers, particularly endometrial and breast cancers.
Obesity not only increases the risk of developing these cancers but is also associated with poorer outcomes. Additionally, obesity
affects the perioperative management of gynecological cancers, requiring specialized care due to increased complications and
resistance to therapy. Treatment strategies for managing metabolic dysregulation in patients with gynecological cancers include
weight management, statin therapy, and insulin-sensitizing medications. Emerging studies suggest that interventions like intermittent
fasting and caloric restriction may enhance the effectiveness of cancer treatments. Furthermore, targeting cholesterol metabolism,
such as with statins or proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, shows potential in cancer therapy.
In conclusion, addressing metabolic issues, particularly obesity, is crucial in preventing and treating gynecological malignancies.
Personalized approaches focusing on weight management and metabolic reprogramming may improve outcomes in these patients.
Keywords: Obesity, cancer, gynecological malignancies, metabolic disorders.

Introduction
According to the definition of the World Health Organization,
obesity is an excessive presence of fat mass in the body composi-
tion, which leads to impairment of health and the development
of complications. At the global level, it was estimated that in
2022, about 2.5 billion adults were overweight or obese. Also,
it is known that obesity most often causes mass noncontagious
diseases, such as cardiovascular diseases, dyslipidemia, and dia-
betes, but also some malignancies, of which endometrial cancer,
breast cancer, ovarian, kidney, and colon cancers are particu-
larly prominent [1, 2].

It is well known that adipose tissue is an energy depot
and a metabolically active tissue. It secretes numerous
adipokines and cytokines that influence metabolic regulation.
The metabolic activity of adipose tissue largely depends on
its localization. Adipose tissue around visceral organs leads
to metabolic disorders, while subcutaneous adipose tissue
and adipose tissue distributed in the lower extremities are
more responsible for musculoskeletal disorders and venous
stasis [3]. In addition, adipose tissue also leads to the activation
of cancer signaling pathways (phosphoinositide 3-kinases
[PI3K], mitogen-activated protein kinase [MAPK], IKK, signal
transducer and activator of transcription 3 [STAT3]). Through

the phenomenon of adipocyte-cancer cell crosstalk, in obese
individuals with malignancies, morphological and functional
changes occur in already dysfunctional adipose tissue [4].

Visceral obesity is frequently followed by metabolic syn-
drome, although it is not a mandatory diagnostic criteria for
this cluster of disorders. Individual components of metabolic
syndrome (increased waist circumference [WC], hypertriglyc-
eridemia, fasting hyperglycemia, hypertension, and low levels
of HDL cholesterol) represent independent risk factors for the
development of carcinoma. For these reasons, modern obesitol-
ogy and oncology require prevention, diagnosis, and treatment
of each individual mentioned factor, independent of the pres-
ence of obesity and metabolic syndrome [5, 6].

Apart from the fact that dysfunctional adipose tissue par-
ticipates in carcinogenesis, obesity also significantly affects the
perioperative treatment of gynecological malignancies. Caring
for these patients requires expensive instruments and prepa-
ration for surgery by a multidisciplinary team due to the
presence of numerous comorbidities and more frequent postop-
erative complications in the form of thromboembolism or more
frequent wound infections. Furthermore, obese patients are
often resistant to neoadjuvant therapy, which reduces overall
survival [7]. In addition to smoking, obesity is considered one
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of the most critical risk factors for the development of cancer,
which can be modified [8].

An extensive prospective analysis of 245,009 female patients
pointed out that traditional nutritional indicators, body mass
index (BMI), WC, and hip-to-waist ratio (WHR) may be
associated with an increased risk of developing endometrial
cancer [9].

Among gynecological cancers, breast cancer and endome-
trial cancer are most commonly associated with obesity. Recent
studies have suggested a positive correlation between BMI and
disease recurrence and overall survival [10].

A strong correlation between BMI and the incidence of
endometrial cancer has been demonstrated. It is believed that
more than 50% of patients with newly diagnosed endome-
trial cancer are obese. It was observed that mortality in these
patients is twice higher for those with a BMI of 30–34.9 kg/m2,
while for extremely obese patients (BMI over 40 kg/m2), the
mortality is six times higher compared to people with normal
body weight [10]. It was also observed that the existence of
metabolic syndrome (without the mandatory presence of obe-
sity) doubles the risk for the development of endometrial cancer
in both premenopausal and postmenopausal women [7]. Fur-
thermore, a recent study emphasized the importance of evalu-
ating comorbidities in patients with endometrial cancer, as they
are highly prevalent and influence survival outcomes. Thus,
scoring systems have been developed to effectively summarize
the impact of comorbidities and age on oncologic outcomes. One
such system is the Age-adjusted Charlson Comorbidity Index,
where a score of 3 or higher indicates a significant risk for mor-
tality, a high risk of disease recurrence, and aggressive tumor
characteristics. The same study highlighted the significance of
diabetes, which emerged as the sole independent predictor of
cause-specific survival [11].

Obese individuals with endometrial carcinoma also have
poorer disease outcomes. Patients with a BMI of 30–34.9 kg/m2,
compared to those who are normally nourished, have a 2.53
times higher risk of mortality, and for extremely obese patients,
this risk increases to 6.25 times [12].

As there is a global obesity pandemic, with a continuous
increase in the incidence of obesity among women, it is pre-
dicted that the incidence of endometrial carcinoma will also
rise. By the year 2030, it is expected to be a 55% increase com-
pared to 2010 (42.13/100,000 women) [13].

Meta-analyses have shown that BMI is an independent and
positive indicator of breast cancer risk in postmenopausal age
for obese women, the risk is higher by 82%. [14]. In post-
menopausal women, a strong correlation has been observed
between the increase in BMI and the incidence of developing
breast cancer with positive expression of estrogen receptor
alpha (ERα) and progesterone receptor (PR). The clearest asso-
ciation between obesity and breast cancer has been described
in the luminal B molecular subtype, which is characterized by
an aggressive course of the disease, frequent remissions, and a
high mortality rate. For other subtypes of breast cancer in obese
women, the literature is currently controversial [15].

The association of obesity with only some histological forms
of ovarian cancer has been proven: (A) There is no connection

between high-grade serous and high-grade endometrioid ade-
nocarcinomas, (B) A weak association was verified with muci-
nous (17%), clear-cell tumors (19%), low-grade serous (13%),
and low-grade endometrial cancers (20%), (C) The strongest
association was detected with serous borderline tumors (20%–
25%, with an increased risk of 9%–11% for every 5 kg change in
body weight) [10].

Collectively assessed based on current studies, with every
increase in BMI by one unit, the risk of developing ovarian
carcinoma increases by 6% [12].

Regarding metabolic disorders in ovarian carcinomas,
hyperglycemia and aerobic glucose metabolism are particularly
notable, leading to the activation of the FBN1/VEGFR2/STAT2
pathway, consequently resulting in resistance to chemotherapy
and stimulation of angiogenesis in tumor cells [16]. For this
particular reason, there is a need, during the treatment of
ovarian carcinomas, to concurrently undertake metabolic
reprogramming, namely, the enhancement of anaerobic gly-
colysis, which would increase the sensitivity of the carcinoma
to neoadjuvant therapy. The increased sensitivity of cancer
cells during anaerobic glycolysis is explained by the tumor’s
inadaptability to this type of metabolism.

Cervical cancer is more common in the form of adenocarci-
noma in obese patients. It is believed that more frequent HPV
infections and vaginal dysbiosis contribute to the carcinogen-
esis of this disease in obese patients [7]. On the other hand,
HPV infection activates a series of aerobic glycolysis pathways,
which are characteristic for the metabolism of cancer cells (ele-
vated synthesis of lactate dehydrogenase A) [17].

Overall, each increase in body weight by 5 kg increases
the relative risk of developing cancer in any location by 1,11.
Maintaining a stable body weight is crucial, especially in post-
menopausal women. The relative risk at that age for every 5 kg
gain in body weight increases by 1,39 for endometrial cancer
in women who have not used hormone replacement therapy
(HRT). In contrast, in women with previous use of HRT, the
risk of developing endometrial cancer is significantly lower
1,09. At the same time, 1,13 is the risk for women who are not
obese and have not used HRT to develop ovarian cancer [7]. It is
certainly apostrophized that obesity is an important risk factor
for the development of gynecological malignancies, much more
significant than the use of HRT.

Metabolic dysregulation and carcinogenesis
Comprehensive studies in oncology and obesitology, published
in recent years, have helped us understand, at the molecular
level, carcinogenesis in obese patients [18].

The mechanism by which obesity is associated with carcino-
genesis is multidimensional. Obesity is considered a disease
with a low degree of inflammation. Due to the lipotoxicity
in adipose tissue, there is damage to the cellular membrane,
consequently leading to cellular injury, and exacerbating the
inflammatory process. As a response, adipose tissue infiltra-
tion occurs primarily by the anti-inflammatory M2 subtype of
macrophages, but there is also infiltration of proinflammatory
macrophages of the M1 subpopulation. The M1 subfraction of
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Table 1. Signal pathways of inflammatory cytokines and their role in cancerogenesis

Cytokine The pathway Effect

IL-6 ↑ JAK-STAT Proliferation inhibition

IL-6+EGFR ↑ JAK2-STAT3
↑PI3K/AKT
↑ERK

Angiogenesis stimulation
Apoptosis inhibition

TNF-α Modulation of NF-κB, ERK1/2 Angiogenesis stimulation

IL-6: Interleukin 6; EGFR: Epidermal growth factor receptor; JAK-STAT: Janus kinase/signal transducer and activator of tran-
scription; PI3K/AKT: Phosphatidylinositol 3-kinase/protein kinase B; ERK: Extracellular signal-regulated kinase; TNF-α: Tumor
necrosis factor alpha; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells.

macrophages secretes the inflammatory cytokines interleukin-
6 (IL-6), tumor necrosis factor α (TNF-α), and interleukin 1β
(IL-1β), activating the nuclear factor-κB (NFκB) and c-Jun N-
terminal kinase (JNK) signaling pathway and leading to oxida-
tive DNA damage and, thus, carcinogenesis [19].

Signaling pathways of inflammatory cytokines are listed in
Table 1. Although it is noted that IL-6, through the JAK-STAT
family signaling pathway, is supposed to have a protective
effect by inhibiting proliferation, its synergistic action with
EGFR demonstrates carcinogenic potential through the specific
JAK2-STAT3 pathway along with other mentioned signaling
cascades [20].

The previously mentioned lipotoxicity interferes with
insulin signaling pathways, leading to insulin resistance and
elevated insulin levels in the circulation. Hyperinsulinemia
stimulates the growth of various organs and tissues, most likely
through overexpression of the receptor for insulin-like growth
factor-1 (IGF-1). This sensitizes cells to the proliferative effect
of insulin, contributing primarily to endometrial hyperplasia.
In addition, hyperinsulinemia leads to increased production of
IGF and stimulation of the Ras/MAPK signaling pathway and
angiogenesis [21].

Adipose tissue, primarily visceral, is associated with a high
lipolytic rate, most likely initiated by IL-6 [22].

Lipotoxicity is closely associated with defects in intrahep-
atic lipolysis due to decreased ATGL/CGI-58 activity, defects
in triglyceride export (e.g., defective Apo-B 100, MTTP activ-
ity), increased glucokinase activity resulting in increased
hepatic DNL, reductions in hepatic mitochondrial/peroxisomal
β-oxidation [23].

The balance of reactive oxygen species (ROS) is disrupted
under conditions of lipotoxicity. Disruption of the redox bal-
ance has been proven to be one of the most important causes of
carcinogenesis, proliferation, and metastasis. Elevated levels of
ROS activate the cancer cell survival signaling cascade, involv-
ing MAPK/ERK1/2, p38, JNK, and PI3K/AKT to activate nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-κB),
matrix metalloproteinases (MMPs), and vascular endothelial
growth factor (VEGF), thereby promoting cancer angiogenesis
and metastasis [24]. Adipose tissue also secretes many hor-
mones, among which the effects of adiponectin and leptin have
been best studied.

Adiponectin has an oncoprotective impact, but the level of
adiponectin is reduced in obese people, especially those with

visceral obesity. Reducing the fat mass size in obese people can
increase the adiponectin level and, thus, contribute to oncopro-
tection. The most likely mechanism of adiponectin’s oncopro-
tection is its positive correlation with insulin sensitivity, as well
as its positive physiological influence on glucose and free fatty
acid (FA) metabolism [4]. There is also controversy in inter-
preting adiponectin levels in obese individuals. It is believed
that if an oncogenic mutation occurs in an obese individual,
an increase in adiponectin levels can also increase the risk for
proliferation and metastasis of malignant neoplasms, as well
as their resistance to neoadjuvant therapy [4]. This contro-
versy is the subject of further research in the field of oncology
based on obesity. A low level of adiponectin, characteristic of
obesity, leads to decreased production of sex hormone binding
globulin (SHBG), and consequently to increased levels of free
estrogen, which is considered as one of the additional reasons
for the occurrence of gynecological carcinoma incidence in this
population [12].

In obese people, a high level of leptin is a result of leptin
resistance, similar to insulin resistance. The carcinogenicity
of hyperleptinemia is most likely a consequence of direct
stimulation of the STAT3 signaling pathway and stimulation
of angiogenesis. Current studies indicate that hyperleptine-
mia in obese individuals and the overexpression of the
leptin receptor are associated with estrogen receptor (ER)-
positive lung carcinoma, leading to cellular proliferation
through ERα-dependent transcription. Hyperleptinemia in
this type of tumor positively correlates with proliferative
potential, mitogenicity, infiltrative and metastatic poten-
tial, as well as with epithelial–mesenchymal transition
(EMT) [4].

In obese people, adipocytes are hypertrophied and show
increased expression of aromatase, so obese people face the
problem of increased aromatization of androstenedione and
testosterone, converting them into estrone and estradiol.
Thereby, adipose tissue becomes an additional source of estro-
gen, which in conditions of obesity turns into oxidized metabo-
lites of estrogen, which, in turn, also leads to oxidative damage
to DNA. In obesity, as a negative metabolic indicator, there is a
reduced level of SHBG, favoring an increase in free estrogen and
the carcinogenesis of tissues sensitive to this hormone. These
activities stimulate the mitogenic PI3K/AKT/mammalian target
of rapamycin (mTOR) signaling pathway, which is suitable for
oncogenesis [7].
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In addition, elevated levels of estrogen activate
the G-protein-coupled ER 1 (GPER1), which through a
ligand-dependent signaling mechanism stimulates endometrial
proliferation via activation of the MAPK and AKT signaling
pathways [12].

Hypercholesterolemia is one of the most common comor-
bidities associated with obesity. The effect of hypercholes-
terolemia on oncogenesis is explained in the following way: It
leads to increased free radical production, that results in gene
mutations [21], accumulating the lipid droplet (LD) content in
porcine oocytes after maturation and upregulating the expres-
sion of genes related to mitochondria biogenesis (ACACA,
FASN, PPARγ, SREBF1, ATGL, HSL, and PLIN2) [25].

The increased cholesterol level in obese people interferes
with hematopoiesis and the differentiation of stem cells, leading
to dysregulation of the natural killer cell production. In addi-
tion, fat droplets accumulate in dendritic cells in the state of
hypercholesterolemia, which prevents adequate presentation
of oncoantigens to the immune system [7, 26].

Cholesterol weakens anti-tumor immunity, leading to the
depletion of CD8+ T-lymphocytes [27].

Considering this, previous experience shows that statins can
lead to cancer cell apoptosis, which releases neoantigens and
leads to an adaptive immune response to malignant disease [28].

The intricacy of the relationship between lipid metabolism
and cancer is highlighted in the latest findings, emphasizing
the significance of LDs as dynamic organelles with multiple
functions intertwined in signaling, metabolism, and the pro-
duction of inflammatory molecules. Specifically, it has been
demonstrated that metabolic dysregulation in obesity creates
a favorable milieu for ectopic accumulation of LD, which is
associated with carcinogenesis, as well as insulin resistance and
cardiovascular comorbidities [29, 30]. The structure of LD com-
prises a phospholipid monolayer membrane and a hydropho-
bic core consisting of cholesterol esters and triacylglycerols,
supplemented by a broad spectrum of cell-specific proteins.
Within the cytoplasm, these meticulously structured organelles
stand as lipid-rich entities. Perilipin 1–3, belonging to the fam-
ily of PAT proteins, constitute a group of structural proteins
that envelop LD [31, 32]. These organelles are formed in the
endoplasmic reticulum (ER). Research has shown that LD, orig-
inating in the ER, intricately interplay with all phases of com-
plex carcinogenic cascades, from initiation to promotion and
progression [29, 32]. The accumulation of LD in cancer cells
involves three crucial processes: increased lipid uptake, mod-
ulation of lipolysis, and de novo lipid synthesis. Considering
all those mentioned earlier, the complex relationship between
carcinogenesis and lipid metabolism can be understood from
fundamental steps involving the synthesis of FA as the main
structure elements of complex lipids, ensuring anabolic pro-
cesses crucial in malignant diseases [29, 33]. Various signaling
pathways represent key points enabling lipogenesis, leading to
the buildup of freshly synthesized LD. Thus, we encountered
two critical elements in this process: sterol regulatory elements
binding proteins (SREBPs) and mTOR. Upregulated expression
of SREBPs leads to the promotion of lipogenesis and subsequent
accumulation of LD, resulting in enhanced growth of tumor

cells. Additionally, mTOR contributes to those by regulating
the accessibility of extracellular nutrients and is closely asso-
ciated with SREBPs. Previous studies have demonstrated an
intriguing link between hyperleptinemia in obesity and mTOR,
contributing to an excess of FAs [29, 34–37]. Ultimately, we
can conclude that carcinogenesis is tangled with lipolytic and
lipogenic enzymes, forming a complex interplay between can-
cer processes and lipid metabolism [29], as partly illustrated in
Figure 1.

The enzyme proprotein convertase subtilisin/kexin type 9
(PCSK9) is essential in the metabolism of cholesterol, which
recent tests in the field of oncology have shown to be a potential
biomarker of malignant diseases, while tests in the course of
studies suggest that PCSK9 inhibitors, which are used in the
treatment of hypercholesterolemia, could also be used in the
treatment of some forms of cancer. Those drugs negatively
affect cell proliferation, invasion, and metastasis of malignant
cells. On the other hand, they stimulate apoptosis, anti-tumor
immunity, and decrease radioresistance, thus resulting in a
better prognosis of malignant disease [38].

Hyperglycemia, whether it full developed or impaired
glucose tolerance (IGT), increases the risk of developing
endometrial carcinoma 1.8 times [39]. Long-term hyper-
glycemia impairs cellular respiration, producing superoxide
anion, and stimulates VEGF expression, which promotes
angiogenesis and tumorigenesis [21]. In 1956, Otto Warburg
noticed that malignant cells show increased glycolysis even in
aerobic conditions, i.e., increased consumption of glucose and
accumulation of a large amount of lactate was observed. The
phenomenon, called aerobic glycolysis or the Warburg effect,
is observed in almost all malignant cells and is used today for
diagnostic purposes as the main characteristic of malignancy
when using positron emission tomography (PET) [21].

Through the Warburg effect, under aerobic con-
ditions, glucose-6-phosphate is oxidized, providing
ribose-5-phosphate, necessary for nucleotide synthesis, and
erythrose-4-phosphate, which participates in amino acid
synthesis. This stimulates anabolic activities in tumor tissue,
leading to the development and proliferation of malignant
tissue [20].

Hyperinsulinemia is one of the best-studied metabolic dis-
orders associated with obesity. One of the pathways by which
hyperinsulinemia promotes carcinogenesis is described in the
chapter on lipotoxicity and is illustrated in Figure 2. On the
other hand, hyperinsulinemia also leads to the activation of
mTOR and mitogen-activated protein kinase (MARK) signaling
pathway, which further leads to the growth of cancer cells and
resistance to neoadjuvant therapy [40].

Hypoxia is one of the common disorders associated with
obesity. It arises due to insufficient mobility of the diaphragm
caused by the accumulation of visceral fat tissue on the one
hand, and on the other hand, it is caused by insufficient
permeability of the alveolar membrane due to previously
described inflammatory cascades associated with obesity.
Hypoxia induces distress in the development of the ER, and
upregulation of hypoxia-inducible factor 1α (HIF1α), which
contributes to aerobic glycolysis and increased glucose uptake,
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Figure 1. Lipid droplets, metabolism, and cancer crosstalk. LD: Lipid droplets; Plip: Perilipin; LDL: Low-density lipoprotein; LDLR: Low-density
lipoprotein receptor; FA: Fatty acid; CD36: Fatty acid translocase; Ly: Lysosome; FC: Free cholesterol; ACAT: Cholesterol acyltransferases; DGAT: Diglyceride
acyltransferase; FABP: Fatty-acid-binding protein; PPAR-γ: Peroxisome proliferator-activated receptor gamma; RXR: Retinoid X receptor; SREBP: Sterol
regulatory elements binding proteins; PI3K: Phosphoinositide 3-kinase; mTOR: Mammalian target of rapamycin. Photo and design software: https://www.
canva.com/. Source: https://www.canva.com/.

leading to the promotion of malignancy development. This
pathway of carcinogenesis is particularly characteristic of the
development of breast carcinoma [20].

Extracellular matrix (ECM) remodeling and adipose tissue
plasticity play a role in carcinogenesis. Adipocytes, in addi-
tion to adipocytokines and inflammatory cytokines, also pro-
duce components of the ECM, such as collagen I, III, and VI,
MMPs, fibronectin, elastin, and fibrillin-1. In obese individuals,
the occurrence of more pronounced collagen deposits has been
proven, leading to fibrosis. Consequently, tissue fibrosis and
interstitial stiffness initiate tumor migration/invasion and poor
survival in patients with malignancies [41]. Myofibroblasts/-
fibroblasts, activated by adipocytes, but also the processes of
inflammation and macrophage infiltration, are directly respon-
sible for the onset of fibrosis in adipose tissue. This mechanism
has been well studied and published, particularly in the case
of breast carcinoma in obese women [41]. Increased stiffness of
visceral adipose tissue is caused by the activation of transcrip-
tion factors YAP/TAZ, which among other things, also promote

tumor growth. The other mechanism involves the NG2/EGFR
and beta1 integrin pathways, which activate the MAPK signal-
ing cascade (Figure 3) [41, 42].

Treatment options for metabolic
dysregulation in patients with gynecological
malignancies
Apart from the difficulties related to the examination and oper-
ative treatment of obese patients (specific beds for the exam-
ination and operation of obese patients, instruments adapted
to obese patients, greater distance between the vulva and the
cervix, the accumulation of fatty tissue on the front abdominal
wall and around the internal organs), the challenges are also
reflected in the more significant cytotoxicity and pronounced
resistance to neoadjuvant therapy [43].

Taking into account the facts mentioned in the previ-
ous paragraphs, in order to address this problem in obese
patients, it is necessary to carry out weight reduction
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Figure 2. Signaling cascade from hyperinsulinemia to oncogenesis. IGF: Insulin-like growth factor; IGF-bp: Insulin-like growth-factor binding protein;
PI3K: Phosphoinositide 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of rapamycin. Photo and design software: https://www.canva.com/.
Source: https://www.canva.com/.

(with medical nutritional therapy, medication, or bariatric
surgery), use statins and other hypolipidemic drugs in dyslipi-
demias, improve glycoregulation by using insulin sensitizers
(Figure 4) [43].

Medical nutritional therapy
As already described in this study, the association of gyneco-
logical cancers with obesity suggests that dietary habits and
lifestyle changes would benefit public health, aiming to pre-
vent obesity and its comorbidities [12]. This could be achieved
through organized campaigns via mass media, social networks,
and improved health education starting from a young age.

Reducing diets are reserved for treating obese individuals
without malignancies or for preventing obesity. Although the

Mediterranean diet is often emphasized, modern findings sug-
gest that it reduces cardiovascular risk but does not lead to a
rapid decline in body mass. It is necessary to achieve an energy
deficit when implementing a diet, which is why low-calorie
diets (LCDs) and very low-calorie diets (VLCDs) (400–800 kcal)
are described [44].

LCDs involve a caloric deficit diet, usually calculated based
on the current needs for an individual’s ideal body weight minus
500 kcal. In outpatient settings, it is recommended that the
caloric intake not fall below the basal metabolic rate and not
below 1200 kcal.

VLCDs are implemented briefly under controlled conditions,
often as a precursor to bariatric surgery. The daily energy
intake is 400–800 kcal, with 30–50 grams of carbohydrates,
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Figure 3. Impact of adipose tissue extracellular matrix remodeling on obesity-related carcinogenesis. PDGF: Platelet-derived growth factor; TGF-β:
Transforming growth factor beta; Wnt: Wingless/integrated; MMPs: Matrix metalloproteinases; NG2: Neuron glial antigen 2; EGFR: Epidermal growth factor
receptor; MAPK: Mitogen-activated protein kinase; YAP: Yes-associated protein; TAZ: Transcriptional coactivator with PDZ-binding motif. Photo and design
software: https://www.canva.com/. Source: https://www.canva.com/.

20–40 grams of fat, and 1.2–1.4 grams of protein per kilogram of
body weight. This type of diet reduces the volume of a fatty liver,
visceral fat mass, and perioperative complications in obese
individuals [45].

It has been proven in an animal model that chronic caloric
reduction lowers the incidence and mortality of cancer [46].

These findings are, for now, limited to the human pop-
ulation, considering the possibility of developing tumor
cachexia. However, recently, studies have shown that cycles
of short-term starvation (STS) can increase the sensitivity of
cancer cells to cytoreductive therapy [43].

Pateras et al. concluded that intermittent fasting for 48 h
in combination with chemotherapy significantly reduces
the potential of tumors to grow and metastasize. This
phenomenon is explained by cancer cells’ dependence
on nutrients and tumor cells’ insufficient adaptability to
oxidative stress [43]. Namely, the VLCD triggers the pro-
duction of ketone bodies, which induce the synthesis of
adenosine monophosphate-activated protein kinase (AMPK),
leading to an anti-oxidative, anti-inflammatory effect,
improvement of mitochondrial functions, and the ability of

cells to self-regenerate. However, this mechanism occurs in
healthy cells, while tumor cells do not have this adaptive
mechanism [8].

It is known that cholesterol metabolism is crucial for cancer
development through an immunomodulatory mechanism in the
cancer’s microenvironment, caused by suppressing the activity
of type I natural killer T (NKT) cells [47].

Hypolipidemic drugs
It is shown that statins are effective in normalizing the function
of NKT cells when used to reduce LDL cholesterol. The study
was conducted on an animal model of hepatocellular carcinoma,
but the normalization of NKT lymphocytes was observed in both
hepatocytes and circulation. This effect has been demonstrated
for rosuvastatin [48].

Evolocumab and alirocumab, monoclonal antibody PCSK9
inhibitors, increase LDL receptor expression on hepatocytes.
This mechanism leads to the utilization of LDL cholesterol
in hepatocytes, thereby reducing the availability of choles-
terol particles necessary for metabolizing tumor particles
and producing steroid hormones. Increased LDL receptor
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Cancerogenesis Adjuvant treatment

Obesity
- Short term starvation (48h)

Metabolic disorders:

- Very low-calorie diet
- Bariatric surgery

- Inflamation
- Metformin (controversial)
- PCSK9 inhibitors
- Rosuvastatin
- GLP-1RA

- Impaired glucose tolerance
- Dyslipidemia

Figure 4. Metabolic disorders, tumorogenesis, and adjuvant treatment options in obese women. PCSK9: Proprotein convertase subtilsin-kexin type 9;
GLP-1RA: Glucagon-like peptide-1 receptor agonists. Photo and design software: https://www.adobe.com/products/illustrator.html and Microsoft Office –
Word 2021.

expression ultimately affects the growth rate of gynecological
cancers [49, 50].

In a human model of hormone-dependent breast cancer,
even natural PCSK9 inhibitors, such as Pseurotin A (PS) (iso-
lated from the culture of the fungus Pseudeurotium ovalis), have
been shown to have a beneficial effect on suppressing tumor-
ogenesis and tumor growth [49]. The role of PCSK9 synthe-
sis inhibitors (siRNA) on cancer behavior remains undefined
for future research, given that this type of drug is assumed
not to have the same systemic effect as PCSK9 inhibitory
antibodies [49].

Medications affecting glucose metabolism
Metformin achieves its role as an insulin sensitizer through the
activation of the central energy sensor AMPK. Activated AMPK
downregulates PI3K/AKT/mTOR signaling, directly targeting
respiratory complex I of the electron transport chain in mito-
chondria, reducing energy supply, and activating an integrated
stress response involving ROS and DNA damage. They induce
the expression of regulated in DNA damage 1 (REDD1) [51].

It was considered that metformin has a beneficial effect
on cancer prevention and better outcomes for patients with
malignancy who use metformin since 2005, in 2012, there were
doubts about this issue and the assumption that metformin can
influence the outcome of the disease only in the diabetic pop-
ulation. After 2022, the American Diabetes Association (ADA)
does not provide clear recommendations for using metformin
as adjuvant therapy, and numerous clinical randomized studies
are ongoing, which should shed light on this dilemma [52].

Signals from oncologists in 2022 suggest that metformin can
be used, and there is a clear benefit in T2D and HER2-positive

breast cancer patients. On the other hand, there is a clear need
for new clinical randomized studies focused on HER2-positive
breast cancer disease, which would clarify the dilemma and
the possibility of individualizing metformin therapy in indi-
viduals with malignancies [51]. Regarding the treatment of
early endometrial carcinoma, the results of the meta-analysis
by Adamyan et al. suggest that adding metformin to progestin
therapy improves remission and pregnancy rates in atypical
endometrial hyperplasia. Still, it does not significantly affect
relapse or live birth rates [53].

Although there are no recommendations from gynecological
oncology regarding gynecological malignancies and the benefit
of using GLP-1 analogs in these diseases, the results of using
GLP-1 analogs in women with polycystic ovary syndrome are
well known. Namely, in this population, it was proven that
GLP-1 analogs with or without metformin lead to a significant
reduction in BMI and the proportion of fat tissue in the body
composition, with benefits on insulin resistance indicators [52].
Taking into account the statements of Yu et al. and knowing
that BMI and percentage of fat mass positively correlate with
the occurrence of endometrial cancer, cervical cancer, and some
histological forms of ovarian cancer opens a wide field for
research and publication of the experiences of applying GLP-1
analogs as adjuvant therapy for gynecological malignancies.

Bariatric surgery
The most effective method for treating obesity is bariatric
surgery, which can achieve sustainable weight loss of over 25%,
and it is undoubtedly superior to medical therapy, where the
effect of reduction achieved through clinical randomized stud-
ies is around 10%. The sustainability of the results remains
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to be discovered. Bariatric surgery is indicated for individuals
with BMI >35 kg/m2, regardless of the presence or severity of
co-morbidities, and for individuals with a BMI of 30–34.9 kg/m2

and metabolic disease.
BMI should be adjusted in the Asian population, where a

BMI >25 kg/m2 suggests clinical obesity and individuals with a
BMI >27.5 kg/m2 should be offered bariatric surgery. Selected
children and adolescents should be considered [54].

Aminian et al. published a study involving 30,318 obese
patients (5053 treated with bariatric surgery and 25,265 treated
conservatively with a reduced-calorie nutritional diet and med-
ication). Over an average follow-up period of 6.1 years, all
obesity-related malignancies were observed in both groups.
Breast cancer and endometrial cancer emerged as the two
most common malignancies. This study’s results indicate a
significant difference in weight loss between the two groups
under investigation (the group treated with bariatric surgery
had an average weight loss of 27.5 kg, while the conservative
treatment group achieved a loss of 2.7 kg). The cumulative
incidence of the observed cancers was lower in the bariatric
surgery-treated group. The cumulative incidence in patients
treated with bariatric surgery depended on the achieved weight
loss in quartiles. Individuals with a weight loss of less than 24%
had the highest incidence of cancer, while the best prevention
of malignancies was achieved in the group that lost more than
39% of their initial body weight [55].

The reduction in the incidence of malignancies after
bariatric surgery likely occurs through a reduction in the
proportion of dysfunctional adipose tissue, thereby reducing
inflammation, reducing hyperinsulinemia and IGF-1 levels, as
well as modulating, or balancing the levels of sex hormones
and adipokines, bringing their levels into desirable ratios
characteristic of a healthy individual, and reducing markers
of proliferation and oncogenic signaling pathways described in
earlier chapters [56, 57].

This effect has been particularly well studied in the case
of endometrial cancer, and these results may have important
implications for the screening, prevention, and treatment of
this disease. MacKintosh et al. conducted a study demonstrating
that in women with stage II and III obesity (BMI >35 kg/m2

and BMI >40 kg/m2), after bariatric surgery, the median
Ki-67 score was 15.1% lower at two months and 15.8% lower at
12 months after surgery. Additionally, compared to baseline,
glandular phosphorylated AKT (pAKT) was 15% lower at two
months and 11.7% lower at 12 months after bariatric surgery, and
a statistically significant decrease in the expression of ER and PR
was observed after bariatric surgery [58].

As the authors note, bariatric surgery, with consequent
weight loss, changes the proinflammatory milieu suitable for
endometrial carcinogenesis [58].

Given this knowledge about the rapid change in the proin-
flammatory and carcinogenic milieu after bariatric surgery,
and since endometrial cancer, among gynecological cancers,
is most commonly associated with obesity, bariatric surgery
should certainly be recommended to women with stage II and
III obesity to prevent this malignancy. Preparation for bariatric
surgery is a complex process that requires a team of experts,

including endocrinologists, cardiologists, psychologists, and
surgeons. For this reason, it is necessary to ensure fast and
easy communication between gynecologists and the mentioned
specialties and to provide patients with easy access through the
healthcare network.

Physical activity
Physical activity, or exercise, is recommended, given evidence
that it positively affects the prevention of malignancies and
the survival of individuals with cancer [59]. Exercise is an
indispensable form of treatment for individuals diagnosed with
cancer during therapy and in the recovery period. It must
be individualized according to the person’s physical perfor-
mance, nutritional status, degree of malignant disease, and cur-
rent symptoms. Any form of activity is recommended, from
passive exercises in bed and aerobic exercises to resistance
exercises [60]. Exercise contributes to improving the metabolic
environment mainly through insulin-dependent pathways,
which, as we have already described, by activating numerous
signaling pathways, contribute to oncogenesis and the biologi-
cal behavior of cancer [61].

Conclusion
Knowing the consequences of metabolic dysregulation, the
future in the prevention and treatment of all malignan-
cies, including gynecological malignancies, would undoubtedly
require, in addition to surgical and adjuvant therapy, personal-
ized therapy concerning obesity in terms of weight reduction
or bariatric surgery and nutritional and medical influence on
the metabolic reprogramming of the tumor microenvironment,
which is proven to participate in the etiopathogenesis of malig-
nancy and compromise the outcome of treatment.
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Metabolic dysregulation, obesity, and carcinogenesis 795 www.biomolbiomed.com

http://www.biomolbiomed.com
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1126/scitranslmed.aad8842
https://doi.org/10.1126/scitranslmed.aad8842
https://doi.org/10.1002/cam4.3925
https://doi.org/10.4093/dmj.2021.0077
https://doi.org/10.4093/dmj.2021.0077
http://www.biomolbiomed.com


studies. Sci Rep 2019 Jun 12;9(1):8565. https://doi.org/10.1038/s41598-
019-45014-4.

[6] Karra P, Winn M, Pauleck S, Bulsiewicz-Jacobsen A, Peterson L,
Coletta A, et al. Metabolic dysfunction and obesity-related cancer:
Beyond obesity and metabolic syndrome. Obes Silver Spring Md 2022
Jul;30(7):1323–34. https://doi.org/10.1002/oby.23444.

[7] Wichmann IA, Cuello MA. Obesity and gynecological cancers: a toxic
relationship. Int J Gynecol Obstet 2021 Oct;155(S1):123–34. https://doi.
org/10.1002/ijgo.13870.

[8] Lorenzo PM, Sajoux I, Izquierdo AG, Gomez-Arbelaez D, Zulet MA,
Abete I, et al. Immunomodulatory effect of a very-low-calorie keto-
genic diet compared with bariatric surgery and a low-calorie diet
in patients with excessive body weight. Clin Nutr Edinb Scotl 2022
Jul;41(7):1566–77. https://doi.org/10.1016/j.clnu.2022.05.007.

[9] Wang L, Jin G, Yu C, Lv J, Guo Y, Bian Z, et al. Cancer incidence in
relation to body fatness among 0.5 million men and women: findings
from the China Kadoorie Biobank. Int J Cancer 2020 Feb 15;146(4):
987–98. https://doi.org/10.1002/ijc.32394.

[10] Kölbl H, Bartl T. Obesity in gynecologic oncology. Geburtshilfe Frauen-
heilkd 2020 Dec;80(12):1205–11. https://doi.org/10.1055/a-1124-7139.

[11] Di Donato V, D’Oria O, Giannini A, Bogani G, Fischetti M, Santangelo G,
et al. Age-Adjusted Charlson comorbidity index predicts survival
in endometrial cancer patients. Gynecol Obstet Invest 2022;87(3–4):
191–9. https://doi.org/10.1159/000525405.

[12] Onstad MA, Schmandt RE, Lu KH. Addressing the role of obesity in
endometrial cancer risk, prevention, and treatment. J Clin Oncol Off
J Am Soc Clin Oncol 2016 Dec 10;34(35):4225–30. https://doi.org/10.
1200/JCO.2016.69.4638.

[13] Sheikh MA, Althouse AD, Freese KE, Soisson S, Edwards RP, Welburn S,
et al. USA endometrial cancer projections to 2030: should we be con-
cerned? Future Oncol Lond Engl 2014 Dec;10(16):2561–8. https://doi.
org/10.2217/fon.14.192.

[14] Emaus MJ, Van Gils CH, Bakker MF, Bisschop CNS, Monninkhof EM,
Bueno-de-Mesquita HB, et al. Weight change in middle adulthood and
breast cancer risk in the EPIC-PANACEA study: weight change in mid-
dle adulthood. Int J Cancer 2014 Dec 15;135(12):2887–99. https://doi.
org/10.1002/ijc.28926.

[15] Hillers-Ziemer LE, Kuziel G, Williams AE, Moore BN, Arendt LM.
Breast cancer microenvironment and obesity: challenges for therapy.
Cancer Metastasis Rev 2022 Sep;41(3):627–47. https://doi.org/10.1007/
s10555-022-10031-9.

[16] Zhou S, Li D, Xiao D, Wu T, Hu X, Zhang Y, et al. Inhibition of PKM2
enhances sensitivity of Olaparib to Ovarian cancer cells and induces
DNA damage. Int J Biol Sci 2022;18(4):1555–68. https://doi.org/10.
7150/ijbs.62947.

[17] Sitarz K, Czamara K, Szostek S, Kaczor A. The impact of HPV infection
on human glycogen and lipid metabolism—a review. Biochim Bio-
phys Acta Rev Cancer 2022 Jan;1877(1):188646. https://doi.org/10.1016/
j.bbcan.2021.188646.

[18] Wei W, Giulia F, Luffer S, Kumar R, Wu B, Tavallai M, et al. How can
molecular abnormalities influence our clinical approach. Ann Oncol
2017 Nov;28:VIII16–24. https://doi.org/10.1093/annonc/mdx447.

[19] Bocian-Jastrzea̧bska A, Malczewska-Herman A, Kos-Kudła B. Role
of Leptin and Adiponectin in carcinogenesis. Cancers 2023 Aug
24;15(17):4250. https://doi.org/10.3390/cancers15174250.

[20] Sergeeva E, Ruksha T, Fefelova Y. Effects of obesity and calorie restric-
tion on cancer development. Int J Mol Sci 2023 May 31;24(11):9601.
https://doi.org/10.3390/ijms24119601.

[21] Li J, Yang H, Zhang L, Zhang S, Dai Y. Metabolic reprogramming and
interventions in endometrial carcinoma. Biomed Pharmacother 2023
May;161:114526. https://doi.org/10.1016/j.biopha.2023.114526.

[22] Wueest S, Item F, Lucchini FC, Challa TD, Müller W, Blüher M, et al.
Mesenteric fat lipolysis mediates obesity-associated hepatic steatosis
and insulin resistance. Diabetes 2016 Jan;65(1):140–8. https://doi.org/
10.2337/db15-0941.

[23] Loomba R, Friedman SL, Shulman GI. Mechanisms and disease
consequences of nonalcoholic fatty liver disease. Cell 2021 May
13;184(10):2537–64. https://doi.org/10.1016/j.cell.2021.04.015.

[24] Wu ZS, Huang SM, Wang YC. Palmitate enhances the efficacy of Cis-
platin and Doxorubicin against human endometrial carcinoma cells. Int
J Mol Sci 2021 Dec 22;23(1):80. https://doi.org/10.3390/ijms23010080.

[25] Jin JX, Lee S, Taweechaipaisankul A, Kim GA, Lee BC. Melatonin
regulates lipid metabolism in porcine oocytes. J Pineal Res 2017
Mar;62(2):e12388. https://doi.org/10.1111/jpi.12388.

[26] Molendijk J, Robinson H, Djuric Z, Hill MM. Lipid mechanisms in
hallmarks of cancer. Mol Omics 2020;16(1):6–18. https://doi.org/10.
1039/C9MO00128J.

[27] King RJ, Singh PK, Mehla K. The cholesterol pathway: impact on immu-
nity and cancer. Trends Immunol 2022 Jan;43(1):78–92. https://doi.
org/10.1016/j.it.2021.11.007.

[28] Pisanti S, Picardi P, Ciaglia E, D’Alessandro A, Bifulco M. Novel
prospects of statins as therapeutic agents in cancer. Pharmacol Res
2014 Oct;88:84–98. https://doi.org/10.1016/j.phrs.2014.06.013.

[29] Cruz ALS, Barreto E de A, Fazolini NPB, Viola JPB, Bozza PT. Lipid
droplets: platforms with multiple functions in cancer hallmarks. Cell
Death Dis 2020 Feb 6;11(2):105. https://doi.org/10.1038/s41419-020-
2297-3.

[30] Walther TC, Farese RV. Lipid droplets and cellular lipid metabolism.
Annu Rev Biochem 2012;81:687–714. https://doi.org/10.1146/annurev-
biochem-061009-102430.

[31] Tauchi-Sato K, Ozeki S, Houjou T, Taguchi R, Fujimoto T. The surface
of lipid droplets is a phospholipid monolayer with a unique Fatty Acid
composition. J Biol Chem 2002 Nov 15;277(46):44507–12. https://doi.
org/10.1074/jbc.M207712200.

[32] Jackson CL. Lipid droplet biogenesis. Curr Opin Cell Biol 2019
Aug;59:88–96. https://doi.org/10.1016/j.ceb.2019.03.018.

[33] Röhrig F, Schulze A. The multifaceted roles of fatty acid synthesis
in cancer. Nat Rev Cancer 2016 Nov;16(11):732–49. https://doi.org/10.
1038/nrc.2016.89.

[34] Shimano H, Sato R. SREBP-regulated lipid metabolism: convergent
physiology—divergent pathophysiology. Nat Rev Endocrinol 2017
Dec;13(12):710–30. https://doi.org/10.1038/nrendo.2017.91.

[35] Kim J, Guan KL. mTOR as a central hub of nutrient signalling and
cell growth. Nat Cell Biol 2019 Jan;21(1):63–71. https://doi.org/10.1038/
s41556-018-0205-1.

[36] Li J, Huang Q, Long X, Zhang J, Huang X, Aa J, et al. CD147
reprograms fatty acid metabolism in hepatocellular carcinoma
cells through Akt/mTOR/SREBP1c and P38/PPARα pathways.
J Hepatol 2015 Dec;63(6):1378–89. https://doi.org/10.1016/j.jhep.
2015.07.039.

[37] Lee G, Zheng Y, Cho S, Jang C, England C, Dempsey JM, et al. Post-
transcriptional regulation of De Novo Lipogenesis by mTORC1-S6K1-
SRPK2 signaling. Cell 2017 Dec 14;171(7):1545–58.E18. https://doi.org/
10.1016/j.cell.2017.10.037.

[38] Bhattacharya A, Chowdhury A, Chaudhury K, Shukla PC. Propro-
tein convertase subtilisin/kexin type 9 (PCSK9): a potential multi-
faceted player in cancer. Biochim Biophys Acta (BBA) Rev Cancer 2021
Aug;1876(1):188581. https://doi.org/10.1016/j.bbcan.2021.188581.

[39] Wartko PD, Beck TL, Reed SD, Mueller BA, Hawes SE. Association
of endometrial hyperplasia and cancer with a history of gestational
diabetes. Cancer Causes Control 2017 Aug;28(8):819–28. https://doi.
org/10.1007/s10552-017-0908-9.

[40] Zhang AMY, Wellberg EA, Kopp JL, Johnson JD. Hyperinsuline-
mia in obesity, inflammation, and cancer. Diabetes Metab J 2021
May;45(3):285–311. https://doi.org/10.4093/dmj.2020.0250.

[41] Li J, Xu R. Obesity-associated ECM remodeling in cancer pro-
gression. Cancers 2022 Nov 19;14(22):5684. https://doi.org/10.3390/
cancers14225684.

[42] Wishart AL, Conner SJ, Guarin JR, Fatherree JP, Peng Y, McGinn RA,
et al. Decellularized extracellular matrix scaffolds identify full-length
collagen VI as a driver of breast cancer cell invasion in obesity and
metastasis. Sci Adv 2020 Oct;6(43):eabc3175. https://doi.org/10.1126/
sciadv.abc3175.

[43] Pateras IS, Williams C, Gianniou DD, Margetis AT, Avgeris M,
Rousakis P, et al. Short term starvation potentiates the efficacy of
chemotherapy in triple negative breast cancer via metabolic repro-
gramming. J Transl Med 2023 Mar 3;21(1):169. https://doi.org/10.1186/
s12967-023-03935-9.

[44] Hollis G, Franz R, Bauer J, Bell J. Implementation of a very low calo-
rie diet program into the pre-operative model of care for obese gen-
eral elective surgery patients: Outcomes of a feasibility randomised
control trial. Nutr Diet 2020 Nov;77(5):490–8. https://doi.org/10.1111/
1747-0080.12601.

[45] Barrea L, Verde L, Schiavo L, Sarno G, Camajani E, Iannelli A, et al. Very
Low-Calorie Ketogenic Diet (VLCKD) as pre-operative first-line dietary
therapy in patients with obesity who are candidates for bariatric
surgery. Nutrients 2023 Apr 14;15(8):1907. https://doi.org/10.3390/
nu15081907.
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