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Simple Summary: This review aims to provide an outline of the potential use of plant-based foods,
nutraceuticals, and derived micronutrients—particularly those typically found in the Mediterranean
diet—as anticancer agents, with a focus on their mechanism of action as cyclin-dependent kinase
inhibitors (CDKIs) by inactivating the CDK 4/6 pathway and the regulation of the cell-cycle cascade.
We discuss the preclinical and pharmacological significance of some already approved CDK blockers
as a promising therapeutic approach against breast and ovarian cancers.

Abstract: Overweight and obesity constitute the most impactful lifestyle-dependent risk factors
for cancer and have been tightly linked to a higher number of tumor-related deaths nowadays.
The excessive accumulation of energy can lead to an imbalance in the level of essential cellular
biomolecules that may result in inflammation and cell-cycle dysregulation. Nutritional strategies
and phytochemicals are gaining interest in the management of obesity-related cancers, with several
ongoing and completed clinical studies that support their effectiveness. At the same time, cyclin-
dependent kinases (CDKs) are becoming an important target in breast and ovarian cancer treatment,
with various FDA-approved CDK4/6 inhibitors that have recently received more attention for
their potential role in diet-induced obesity (DIO). Here we provide an overview of the most recent
studies involving nutraceuticals and other dietary strategies affecting cell-cycle pathways, which
might impact the management of breast and ovarian cancers, as well as the repurposing of already
commercialized chemotherapeutic options to treat DIO.

Keywords: CDK inhibitors (CDKIs); diet-induced obesity (DIO); ovarian cancer; breast cancer;
cell-cycle inhibitors; RB1; CDK4/6

1. Introduction

Cancer constitutes the second leading cause of death globally [1–3]. Although the
cancer death rate has been steadily declining in the past years owing to improved ability in
prevention [3], detection, and also treatment, cancer remains a significant concern. Indeed,
cancer is mostly a disease of aging, and the number of people aged 60 years or more is
expected to double by 2050 reaching 1.5 billion worldwide [4]. Therefore, huge efforts must
be done in cancer prevention.

Cancers 2022, 14, 2709. https://doi.org/10.3390/cancers14112709 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14112709
https://doi.org/10.3390/cancers14112709
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-5543-7686
https://orcid.org/0000-0002-5959-016X
https://orcid.org/0000-0003-4740-6801
https://doi.org/10.3390/cancers14112709
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14112709?type=check_update&version=2


Cancers 2022, 14, 2709 2 of 25

Obesity is a deadly preventable disease that has trebled its incidence within the last 45
years, affecting almost 40% of adults and 340 million children and teenagers in 2016 [5].
Excessive body weight and body mass index (BMI) constitute the highest non-inherited
risk factors in cancer development. It is estimated that nearly 50% of the most common
cancers could be avoided by reducing exposure to high-risk factors and adopting healthy
behaviors, including diet and physical activity [6]. Harmful dietary patterns that contribute
to fatness, including overeating processed meat, refined sugars, or junk food, have been
linked to a major risk of tumor onset (20–30%) and about an 11 to 24% lower chance of
cancer survival [7], being even more hazardous in postmenopausal women [8,9]. On the
contrary, proper food habits such as those typically adopted in the Mediterranean diet-style
patterns—high consumption of legumes, fiber, fruits, and vegetables—are associated with a
lower risk of developing malignancies. Additionally, various clinical and preclinical studies
point to nutraceuticals and phytonutrients as cheap and available sources of anticancer
compounds, which could be used to support cancer care in clinical practice [10].

Obesity is also a well-established risk factor for breast cancer (BC) [11] and ovarian
cancer (OC) [12], which are among the most commonly diagnosed tumors in women
worldwide, and a leading cause of cancer mortality [13–16]. Although epidemiologic data
have associated obesity with increased risk of cancer development and progression for
a variety of tumors long ago, only recently the underlying molecular mechanisms have
begun to be characterized [17,18]. The relationship linking fatness and cancer is so strong
that certain drugs already FDA approved for DIO are now under study for their potential
applications in different cancer types, including breast and ovarian tumors [19–21] and vice
versa [22].

Cell-cycle deregulation is a hallmark of cancer, and increased expression of cell cycle-
related proteins (such as cyclins and cyclin-dependent kinases—CDKs) is a feature of
many neoplasms. Recently, potent selective inhibitors of CDK4 and CDK6 have been
approved for the treatment of advanced BC and are being tested against other tumor types.
Iqbal and colleagues recently showed that obesity-induced deregulation of the cell cycle
through retinoblastoma RB1 phosphorylation in hypothalamic neurons that are crucial for
energy-balance regulation. Interestingly, they showed that reinstating RB1 function using
CDK4/6 inhibitors was an effective treatment against DIO [22,23]. Their seminal work
suggests a possible repurposing of pharmacological CDK inhibitors from antitumoral to
anti-obesity agents.

Indeed, the increased expression of intrinsic CDKIs such as Cip1/p21 and Kip1/p27
proteins, as well as their enhanced binding to CDKs, have been demonstrated to diminish
tumor cell proliferation, invasion and promote apoptosis, and increase patient survival in
several tumor types, including BC and OC [24–27].

Given these premises, a thorough analysis of the shared mechanisms of action in cancer
and obesity, with a special deepening in the cell-cycle cascade, is of utmost importance.
This review also highlights the last clinical trials (CTs) employing phytochemicals and
other dietary interventions in breast and ovarian carcinomas, as well as the most recent
and noteworthy Phase II/III trials assessing the use of CDK blockers in these malignancies,
which may constitute pivotal treatment strategies for BC and OC.

2. Obesity and Cell-Cycle Progression in Cancer

Obesity has become an emergent pandemic involving 1/3 of the population worldwide,
a multifaceted disorder characterized by the overabundant accumulation of adipocytes—fat
cells—which in turn may aggravate the course of different types of chronic diseases. In fact,
more aggressive tumor profiles have been seen in overweight breast cancer patients, where
adipocytes can secrete hormones, growth factors, and adipokines and release free fatty acids
(FFA). The energy obtained from the β-oxidation of FFA can be used by adipocytes to accelerate
tumor cell growth and cancer progression, stimulating the oncogenic signaling and leading to
angiogenesis and malignant cell migration [28,29]. Similarly, OC risk has also been correlated
with elevated BMI and lipid levels. A significant 16–30% increased predisposition to OC has
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been identified in obese women, with a major risk assigned to specific histological subtypes—
mostly endometrioid and mucinous carcinomas—and postmenopausal patients [30]. This
pathological condition is frequently associated with the overexpression of pro-inflammatory
factors, cytokines, and adipokines, a process promoted by macrophage infiltration within the
adipose tissue and able to exert tumor-promoting effects [31]. Actually, the delivery of pro-
inflammatory metabolites in the bloodstream may degenerate into hypothalamus deregulation,
cause the loss of energy homeostasis, and bring to the disruption of crucial biological pathways,
including those determining cell-cycle regulation (https:/grantome.com/grant/NIH/F30-DK1
16532-04, accessed on 4 November 2022). As a result, elevated levels of markers of inflammation
such as tumor necrosis factor-alpha (TNF-α), interleukins (IL) 1—6-8, plasminogen activator
inhibitor 1 (PAI1 or SERPINE1), and C-reactive protein (CRP) are also frequently found in
obese patients.

The maintenance of energy and body weight balance are critical processes mainly
led by the hypothalamic neurons, which constitute one of the most essential targets for
adipokines such as leptin, a product of the obese gene (Ob). Altered levels of leptin and
related hormones with a key role in food intake and appetite stimuli—such as ghrelin or
insulin—are also generally present among overweight patients [32].

2.1. Adipokines' Role in Cell-Cycle Progression

Adipokines are a group of cytokines secreted in the adipose tissue involved in the
metabolic signaling in the brain, with an extensively demonstrated function in fostering
cancer development. The most likely molecular mediators of inflammation from the adipose
tissue itself are the adipokines leptin (discovered in 1994) and adiponectin (described for
the first time in 1995)—critical for the maintenance of balanced bodyweight—and pro-
inflammatory agents.

2.1.1. Leptin

A wide number of epidemiological studies are focusing on leptin hormone and its receptor
(LepR) as good targets for the treatment approach of DIO, and have directly correlated the
respective anorexigenic effects with the tumor cascade outgrowth. Leptin has been suggested
to strongly take part in cancer onset and proliferation, by activating several growth signaling
pathways such as PI3K/Akt, MAPKs (ERK1/2), and JAK/STAT3 [32,33], which drive cell-cycle
progression acting on different target genes (Figure 1). These properties joined with the ability
of leptin to promote angiogenesis, confer to this adipokine the main role as a growth factor
for cancer cells [34]. Indeed, some options presently under study are devoted to inhibiting the
leptin cytokine cascade by using multiple approaches, including antibodies [35], peptides [36],
and PPAR ligands [37,38]. Some of these leptin antagonists have been seen to efficiently
arrest the leptin-induced cell-cycle progression at the S-phase in triple-negative breast cancer
(TNBC) [39–41].

Ptak et al. examined the relationship between OC development and leptin rates
in obese women, identifying a key role of adipokine in stimulating cell cycle-related
effectors. The research group connected the tumor proliferation role of leptin with a greater
expression of cyclin D—indicative of a poorer prognosis—and cyclin A in an in vitro model;
also identifying a downregulation of p21 [33]. These results indicate leptin as a cell-cycle
promoter, driving G1/S-phase transition in an OC model. Furthermore, an anti-apoptotic
role of leptin was also observed in ovarian carcinogenesis through the blockade of caspase
expression, which further stimulates cancer cell proliferation.

The expression levels of leptin constitute an interesting diagnostic tool that can be
used to determine cancer risk, grade and type, stage, lymph node involvement, hormone
receptors, and prognosis in breast [42–44] and ovarian tumors [45]. High leptin levels have
been also correlated with lower chemosensitivity, and a common nexus between leptin
and several mechanisms that come usually activated in breast tumors—such as VEGF and
other pro-angiogenic pathways or estrogen/progesteron receptor signaling—have also
been identified [46–49]. Moreover, LEPR expression has been seen to be able to increase the
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cancer stem cell state in breast tumors, further promoting cell proliferation, stemness, and
poorer survival [50].

Therefore, targeting leptin/LEPR signaling pathways is considered a potential thera-
peutic strategy for breast and ovarian cancer treatment.
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and tumor development.

2.1.2. Adiponectin (APN)

In contrast to leptin’s effects on cancer, APN has been demonstrated to exert a pro-
tective role in the course of different malignancies, especially BC. APN is gaining interest
in the management of obesity, where the extremely low levels of this hormone have been
linked to insulin resistance, glucose metabolism, and thermogenesis processes. Interest-
ingly, insulin promotes MCF-7 breast tumor cells proliferation and migration via PI3K
activation [51], and APN is able to downregulate the PI3K/Akt/mTOR cascade, resulting
in an overall decrease in cancer cell viability, survival, and growth (Figure 1). Focusing
on cancer signaling, this adipokine also activates AMPK, which induces cell-cycle arrest,
apoptosis, and senescence via p21 activation and p53 phosphorylation (Figure 1). Moreover,
APN upregulation also impedes STAT3 signal pathway activation, which in turn is unable
to endorse angiogenesis and invasion and incapable of evading anticancer immunity, hence
blocking tumor progression. The anti-inflammatory and pro-apoptotic effects of APN also
involve the abolition of the NF-kB cascade by hampering NF-kB phosphorylation [52,53].

In an in vitro model of TNBC (MDA-MB-231 cell line), APN enhanced the overexpres-
sion of master genes that control cell-cycle progression, such as p53, and apoptosis (BAX,
BCL2) [54,55]. This study also showed how the repression of the proto-oncogene MYC
prevented cyclin D1 activation, consequently arresting the cell cycle at the G1/S-phase
and hampering TNBC expansion. Nonetheless, the antiproliferative effects of APN in
mammary cancers seem reliant on ERα expression, as an opposite role was observed in
ERα + BC, where APN seems to promote cancer cell growth. On the opposite, low APN
levels stimulate MAPK activation, which consequently phosphorylates SP1 and ER and
enhances cyclin D1 expression, stimulating BC growth.
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Despite the potential ERα-dependent effect of APN, patients with low leptin/APN
ratios have shown a statistically longer cancer-specific survival for OC, which may show
APN as a good candidate against DIO and derived metabolic diseases, including cancer [56].

2.2. Additional Pro-Inflammatory Cytokines

The relationship between chronic inflammation, obesity, and several types of cancer
has been extensively investigated, correlating the aggressiveness of tumor disease with
higher levels of circulating inflammatory biomarkers such as cytokines [57]. These func-
tional proteins released by immune, stromal, and tumor cells affect cell proliferation via
cell-cycle-regulatory proteins. As an example, the transforming growth factor-beta (TGF-β),
is a key cytokine that in normal conditions induces tolerance and suppresses inflammation
and in the early phases of tumorigenesis acts as a cytostatic tumor suppressive agent acting
through p21 and p27 CDKI expression and inducing cancer cell apoptosis (Table 1) [58,59].
During tumor progression, however, TGF-β or its pathway is altered and decoupled from
their tumor suppressor activity leading them to promote EMT and favoring a tumor im-
munosuppressive microenvironment that further enhances tumor invasiveness, as has been
seen in HER2- BC [59,60].

Inflammatory cytokines such as IL-6, IL-21, IL-1β, and TNF-α diminish the cytotoxic
capacity of immune CD8+ T cells to produce IFN-γ, which plays a main role in angiogenesis
and MHC expression—tumor recognition (Table 1). Higher values of these cytokines
directly increase IL-17 production, activating angiogenesis and tumor growth [61]. Indeed,
risen expression of IL-1, IL-5, IL-6, IL-17, and NFκB were linked to aggressive phenotypes
in BC patients and were correlated to a poorer prognosis and lower survival rates [62,63].

Interestingly, IL-6 has been demonstrated to switch on the JAK/STAT3 pathway and
enhance EMT, which in turn promotes cancer proliferation, metastasis, and chemoresistance
(Table 1). Moreover, IL-6 is the main pro-inflammatory factor responsible for inducing
the overexpression of tumor-related RAC1B, known to sustain tumor cell survival and
promote escape from oncogene-induced senescence. Finally, increased levels of serum IL-6
have been correlated with poor prognosis, tumor size, and disease status [64]. IL-17 can
trigger the production of IL-6, which increases tumor cell migration and invasion, therefore
contributing to tumor drug sensitivity and resistance to chemotherapy [65].

IL-8 is also frequently found at high levels in BC, exerting inflammatory and angiogenic
actions. In fact, a recently published study has shown that the pro-tumorigenic and
metastatic effect of IL-8 passes by the activation of PI3K-Akt/MAPK and EMT signaling
pathways leading to tumor cell migration (Table 1) [66]. IL-4 instead upregulates adhesion
molecules, inhibits cell proliferation and apoptosis, and mediates signal transduction in
breast (MDA-MB-231) and ovarian tumors (SKOV-3), among others [67]. Controversially, it
has also been claimed that IL-4 possesses potent antitumor activity against various cancer
types, including breast tumors, a reason by which additional research is needed prior to
reaching a unique conclusion for this pro-inflammatory factor.

Interleukin-9 (IL-9) is a cytokine with pleiotropic functions that plays an important
role in regulating tumor cell growth. IL-9 is increasingly produced by tumor-infiltrating T
cells (TILs), as well as tumor cells themselves and a subset of Foxp3 expressing regulatory
T cells (Tregs). FoxP3+ Treg cells are known to suppress antitumor immunity, suggesting
that IL-9 derived from these cells might control immune responses [68].

IL-10 is an immunosuppressive cytokine that can inhibit the ability of dendritic cells
and macrophages to activate CD4 + T cells. IL-10 is frequently present at sites of chronic
inflammation, promoting immunosuppression of humoral responses through the induction
of isotype switching to IgG4. In a recent study, authors found a significant expression of
IL-10 in tumor-infiltrating B-cells of TNBC patients, driving isotype switch to the IgG4
isotype in an IL-10 dependent manner [69].

These observations suggest that IL-10 may play a role in directing antitumor immune
escape. Moreover, both IgG4 and tumor IL-10 are associated with shorter recurrence-free
survival (RFS) and overall survival (OS). In BC, IL-10 expression positively correlates
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with locally advanced disease and higher tumor grade and has been proposed as a good
prognostic indicator of disease-free survival (DFS) [70]. In melanoma, IL-10 expression by
tumor cells is associated with melanoma progression [71], while overexpression of serous
IL-10 leads to an adverse survival in most cancer types [72].

Pro-inflammatory stimuli have been seen to be able to raise pro-angiogenic factors
in TNBC cells that physically interact with mesenchymal stem cells—MSCs—and stromal
cells, accelerating the metastatic phenotype [73]. Additionally, the Notch pathway, probably
via CXCL8 cytokine release, has been demonstrated to promote the cell-to-cell interaction,
affecting proliferation, differentiation, and death of cells—fostering TNBC spreading and
invasion [74]. In the same way, TNF-α has been seen to exert a tumor-promoting role in BC
progression and induce metastasis, fostering tumor escape from immune system control
(Table 1) [75]. Nonetheless, some studies have recently addressed a controversial role of
TNF-α, showing pro-apoptotic and anticarcinogenic functions towards different tumor
types, which could also be dependent on TME or specific conditions such as the TNFR that
controls the pathway or the ER/PR molecular BC type [76,77].

Table 1. Functional roles of pro-inflammatory cytokines in tumor progression and immune response.

Cytokine Cytokine Family Activity References

CXCL8 Chemokines Cell-to-cell interaction, tumor proliferation, and differentiation
Enhances TNBC spreading and invasion [73]

CXCL14 Chemokines CXCL14 overexpression is associated with high cancer invasiveness in
BC patients [78,79]

IFNs-1 (IFN-α) Interferons Apoptosis induction and repression of malignant tumor progression
(via STAT-3) [80]

IL-2
IL-12 Interleukins

Anticancer activity
Tumor size reduction

Enhance anticancer immune response by cytotoxic immune cells
activation

[58]

IL-4 Interleukins
Exerts antitumor and immunosuppressive action

Supports tumor cell spread, migration, and clonogenicity
Reduce IFN-γ and TNF-α expression during the inflammatory response

[67]

IL-6 Interleukins

Pro-tumorigenic and anti-apoptotic effects
EMT-inducer

ROS and RNS release
Potential target for NSCLC

[81,82]

IL-8 Interleukins Promotes inflammation, EMT signaling, and angiogenesis via PI3K-Akt
Bad prognostic factor in BC [66]

IL-9 Interleukins Enhances tumor progression and causes metastases in BC patients
avoiding antitumor immunity [68,83]

IL-10 Interleukins Induces immunosuppression and tumor immune evasion
Correlates with higher tumor grade and lower survival rates [71,72]

IL-21, IL-1β, and
TNF-α Interleukins

Reduce IFN-γ production by CD8 + T cells
Elevate IL-17 secretion
Activate angiogenesis

Promote tumor growth

[61,65]

IL-11 Interleukins Promotes growth in BC and gastric most invasive cancer types [84]

IL-17 Interleukins Enhances tumor cell migration and invasion
Decreases chemosensitivity and promotes chemoresistance [85]

TGF-β Transforming Growth
Factors

Affects cell proliferation
(also acts on p21 and p27)

Often deregulated in cancers where it promotes EMT, immune escape,
and angiogenesis, which in turn lead to cancer invasion and metastases

and induce anti-apoptotic pathways

[59,60]

TNF-α Adipokine/TNFR

Induces EMT signaling
Cell proliferation and pro-angiogenic role

Contributes to the metastasis of BC cells and increases resistance to
chemotherapy

[86,87]
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3. A Common Strategy in Cancer and DIO: Targeting Cell-Cycle Progression/CDKs

Several anti-obesity drugs are being tested for their potential interest as antitumoral
agents, including lipid-lowering agents [88]. For instance, the antihyperlipidemic agent
orlistat has extensively proven to induce S-phase cell-cycle arrest and apoptosis in BC [89];
whereas recently Harborg et al. carried out a cohort study that explored the link between
the use of statins and the risk of developing BC, confirming an indirect relationship between
them in postmenopausal early BC patients [90]. Similarly, a noticeable 19% decrease in the
OC demises was also noticed in a parallel study comparing mortality among statin users
versus patients who never took statins before, with a major benefit assigned to Simvas-
tatin [91]. Furthermore, statin therapy not only did not entail a comparable toxic profile
versus chemotherapy, but evidence also supports the ability of these antilipidemic drugs to
promote apoptosis in malignant cells, reducing cancer progression and invasiveness [92].

Iqbal et al. (2020) have recently pointed out the importance of approaching the obese
state as a neuronal disorder, where RB1 acquires a crucial role as a cell-cycle inhibitor that
can be switched off by CDKs [23]. As one of the primordial purposes of oncosuppressors is
to avoid cell-cycle progression by directly altering cyclin-dependent kinases expression,
and CDK proteins are important players in cell-cycle modulation cascades, novel CDK
inhibitors-based strategies have been proposed not only for the management of cancer but
also for DIO and vice versa. The activity of these serine/threonine protein kinases is highly
dependent on the activation of phase-specific cyclins, and the employment of CDKIs has
emerged as an innovative strategy in tumor treatment [25,93,94]. In the same way, multiple
plant-derived biomolecules and by-products have shown CDK inhibitory functions raising
interest as antitumoral agents [95–97].

In the following sections, some of the most relevant clinical studies involving dietary
approaches and CDKIs in breast and ovarian carcinomas will be addressed.

3.1. Food-Based Approaches in Cancer Therapy

Many anti-DIO strategies based on food intake time restrictions are being tested
in vivo to better understand how specific nutritional deprivations affect different types
of malignancies. These include several types of periodic fasting and intermittent food
supply diets such as time-restricted feeding, short-restricted fasting, short-term starvation,
alternate-day fasting, or fasting-mimicking diet (FMD). These fasting and dietary limita-
tions are showing encouraging results in the management of obesity, notably impairing
chronic disease burden and cancer onset [98,99].

Moreover, these strategies also represent a good and safe alternative that minimally
affects non-tumoral cells, while selectively altering the survival chances of neoplastic cells,
mainly by decreasing insulin and related factors, glucose, leptin, and cytokines [100].

The ratio and specific type of macronutrients assumed can importantly change the
course of the disease. Dietary patterns with a high content of animal-based proteins were
correlated with a major risk of cancer demises compared with feeding habits mainly entail-
ing vegetable-derived proteins [101]. Following this thought, plant-based nutraceuticals
are bringing attention as antitumor strategies, and micronutrients and phytochemicals of
particular interest are undergoing clinical and preclinical trials in the cancer field. Table 2
highlights some of the most relevant completed and ongoing studies targeting breast and
ovarian tumors through different dietary approaches.

To exemplify, more than 50 CTs have investigated the beneficial properties of broccoli-
derived molecules (mainly sulforaphane and glucoraphanin) in cancer disease remis-
sion [102,103]. Nevertheless, only a few of them have brought into focus the molecular
mechanisms involving the downregulation of cell cycle-related proteins such as cyclins and
CDKs [104], or the induction of CDKIs and correlated pathways involving signaling cas-
cades such as the mammalian target of rapamycin (mTOR) [105] or STAT 3 (Table 2, [106]).
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Table 2. Selected clinical trials with nutritional/dietary approaches on breast and ovarian cancer therapy.

Dietary Intervention Outcomes N Therapeutic
Intervention Cancer Type Phase References

Structured exercise training plus a
Mediterranean diet

Positive results observed in BRCA1/2
mutation carriers regarding BMI,

eating habits, physical fitness, and
stress levels

69 NO
Breast and

ovarian
cancer

N/A [107–109]

Usual care plus ketogenic diet
(experimental group) or dietary

recommendations (control)

Reduced fasting levels of glucose and
insulin and increased fasting

β-hydroxybutyrate in the ketogenic
group

Decrease of cancer growth-related
factors: CA-125, IGF-1, and IGFBP-1

57 NO
Ovarian and
endometrial

cancer
N/A [110]

Tocotrienol (Vit. E)

Improved prognosis and PFS resulted
from co-treatment of bevacizumab and
tocotrienol in chemotherapy refractory

ovarian cancer

60 Bevacizumab Ovarian
cancer Phase II [111]

Ascorbic acid (Vit. C)
Mixed natural carotenoids with

vitamin A
vitamin E

Intravenous Vit. C enhanced
chemosensitivity and reduced toxicity

of chemotherapy
27

Standard
chemother-

apy
(carboplatin

and
paclitaxel)

Ovarian
cancer Phase II [112]

Supplementation with sietary
nthocyanins

Dietary anthocyanins diminished the
inflammatory response and skin

toxicity in BC patients undergoing
radiotherapy

300 Radiotherapy Breast cancer Completed [113]

Short-term fasting (STF)

STF improves fatigue, side effects, and
QOL. Extended randomized CTs

presently undergoing to extend the
findings to a large-scale study (150

participants). The aim is to investigate
the effectiveness of fasting strategies

vs. plant-based and healthy diets (low
protein, low carbohydrates/sugar)

50 Chemotherapy
Breast and

ovarian
cancer

Phase I [114,115]

Fasting-mimicking diet (FMD)

FMD improved clinical response to
neoadjuvant chemotherapy, QoL, and

illness perception (lower fatigue,
nausea, and insomnia; and better

emotional, physical, cognitive, and
social functioning scores) compared to

a regular diet

131
Neoadjuvant
chemother-

apy

Her2- breast
cancer Phase III [116,117]

SFX-01 (Sulforaphane)

SFX-01 diminished mammosphere
formation efficiency in ER+ primary

and metastatic tumor samples by
blocking STAT3 activation, both alone

and combined with conventional
anti-estrogen chemotherapy

68 Fulvestrant
Tamoxifen Breast cancer Phase II [106]

Polyphenol-rich dietary supplement
(commercial lemon, orange,

pomegranate, olive, grape, cocoa,
curcuma, and broccoli extracts)

Patients consumed simple phenolics
(hydroxytyrosol) and polyphenols

(procyanidins, hesperidin, eriocitrin,
curcumin, resveratrol, punicalagin,

and ellagic acid) enriched diet
Cocoa extract also contains the

methylxanthines theobromine and
caffeine

40 NO Breast cancer N/A [118,119]

Curcumin

i.v. Curcumin plus chemotherapy
exerted significantly higher ORR and
fewer fatigue symptoms vs. paclitaxel

+ placebo

150 Paclitaxel Breast cancer Phase II [120]

BC: breast cancer, BMI: body mass index, CA-125: cancer antigen 125, ER: estrogen receptor, IGF-1: insulin-like
growth factor 1, IGFBP-1: insulin-like growth factor-binding protein 1, i.v.: intravenously, QoL: quality of life,
ORR: overall response rate, PFS: progression-free survival.

Indole-3-carbinol (I3C) represents an additional natural anticancer agent belonging
to the same broccoli vegetable family (Brassicaceae). It was found to block G1/S cell-cycle
progression in breast and endometrial cancers, including MCF-7, BT20, and MDA-MB-231
cell lines [121]. The effective reduction of cyclins D1, E, CDK-2, -4, and -6 and the increase
of p21, p27, and p15 expression were also validated in response to I3C treatment [97,122].

Roscovitine constitutes another biological molecule employed in anti-DIO therapy
with a key role in cell-cycle modulation. Specifically, its activity results in an accumulation
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of cells in the G2 phase on (ER-α)+ MCF-7 breast cancer cells, preventing them from
entering the next cell cycle [123].

Concomitantly to the inhibition of cell-cycle progression, roscovitine—later commer-
cialized as Seliciclib®, a first-generation CDKI—showed a remarkable ability to induce
apoptosis via a p53-dependent pathway [124]. Additionally, fangchinoline, an alkaloid
isolated from the Menispermaceae plant family, has been seen to impede G1/S cell cycle
transition in MDA-MB-231 and MCF-7 breast cancer cells. The cell cycle blocking effects
of fangchinoline alkaloid were further confirmed by a drop in the levels of cyclins D1, D3,
and E; CDK-2, -4, and -6, as well as an increased expression of CDKIs p21 and p27 tumor
suppressor proteins [125].

The alkaloid Berberine has proved to have cytotoxic and antiproliferative actions
in BC [126] and OC cells [127,128], by targeting the Akt downstream pathway, whereas
the flavonoid quercetin (Quercus sp.) was able to stop the cell cycle at G1/S and G2/M
checkpoints. Downregulation of Quercetin-3-methyl ether significantly prompted cell-cycle
arrest at the G2-M phase in MDA-MB-231 and MCF-7 human BC cells, decreasing cell
proliferation, invasion, and migration and inducing apoptosis [129,130]. A fall in CDK-2,
-6, -7, and cyclins A, D1, and E were also confirmed [131].

Curcumin is widely known to promote cell-cycle arrest at G1/S and G2/M phases
and to stimulate the expression of tumor suppressor proteins p53, and the p21 and p27
endogenous CDKIs [132,133]. Preclinical studies indicated a beneficial effect of this Cur-
cuma longa-derived polyphenol in reducing severe skin side effects of radiotherapy in BC
patients [134]. Furthermore, a synergistic apoptotic action via PARP and p53 activation was
seen in combined therapies of curcumin and citral extract, as well as an activation of the
oxidative stress signaling via ROS production [135].

Recent clinical data show how multiple dietary changes involving calorie intake
reduction or FMDs are able to counteract growth-promoting factors—such as glucose,
IGF-1, or insulin—in cancer [136]. Additionally, different kinds of natural compounds have
exerted good antimitotic and cell-cycle progression inhibition properties. This anticancer
activity could be exploited to include food interventions as co-adjuvants in chemo-, radio-
and tumor immunotherapy, as they all have shown anticancer immunity-stimulating
functions [137].

3.2. Cyclin-Dependent Kinase Inhibitors as Anticancer Drugs

Flavopiridol was the first and most extensively studied CDK inhibitor entering human
clinical trials to treat various cancer types, including breast, lung, and bladder [138,139].
This non-selective CDK inhibitor alkaloid initially proved to induce cell-cycle arrest in
G0/G1 and an S-phase delay, showing a high specificity against the CDK1/cyclin B complex
in BC [140]. Even if the efficacy of flavopiridol in vivo has not been demonstrated to
be sufficient to enable it to enter Phase III trials [139] since the FDA approval of this
CDKi as an orphan drug for acute myeloid leukemia in 2015, a larger set of molecules
have entered clinical testing to evaluate their feasibility in the cancer treatment approach.
Indeed, flavopiridol has opened a new window of opportunity for next-generation CDKIs,
which means a higher drug specificity by the abolition of cyclin/CDK binding, which
consequently impedes the protein complex-associated kinase activity and the subsequent
cell-cycle progression. Among these new CDKIs, selective inhibitors of CDK4/6 are
particularly gaining the major focus of interest [141], whose activation is mainly dependent
on cyclin D-type linkage.

Additional second-generation CDKIs include dinaciclib, a potent inhibitor that targets
CDK1, CDK2, CDK5, and CDK9. Despite contrasting results arising, a Phase III randomized
study revealed enthralling results in refractory leukemia patients in terms of efficacy, safety, and
progression-free survival (PFS) [142]. Moreover, in vitro tests guaranteed the major ability of
dinaciclib to suppress Rb phosphorylation versus flavopiridol, subsequently validating a notable
cell-cycle arrest in a huge number of malignant cell-based assays [143]. CDK7 inhibitors are
also emerging as anticancer therapeutic drugs by targeting diverse pathways, chiefly involving
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cell-cycle regulators such as CDK-activating kinase, that finally hinder the initiation of oncogenic
transcription [93,144]. To date, four different CDK7i are under Phase II studies with encouraging
outcomes in breast [145] and ovarian cancers [146,147].

CDK-4 has been identified as a potential blocking target in diet-related anti-obesity
treatment, as it promotes adipogenicity [148]. The previously mentioned work of Iqbal and
co-workers also described how lipid-enriched diets can induce pRb phosphorylation in the
hypothalamus, which consequently inactivates the protein and promotes obesity in vivo.
In fact, experiments carried out in mice treated with a first-generation CDKI—abemaciclib—
have reported promising results in fat mass reduction and weight loss, and future assays
are aimed to deduct which are the molecular mechanisms that may link the abrogation of
CDK4/6 and the unphosphorylated form of pRb with the blockade of DIO in neurons [22].
For this purpose, current studies are pointing to anticancer CDK4/6 inhibitors as potential
players in the prevention and therapy of DIO via pRb function stimulation [23].

Interestingly, three different CDKIs 4/6 have recently been FDA approved for the treat-
ment of lifelong aggressive and refractory HR+, Her2- BC therapy (palbociclib, PD0332991;
ribociclib, LEE011; abemaciclib, LY835219) [149–151]. Several biomolecular pathways in-
duced during the obese condition have been demonstrated to be in common with cancer
mechanisms of tumor evasion, prompting the study of CDK inhibitors for the manage-
ment of obesity disease [22]. With this scope, a common strategy linking FDA-authorized
CDKIs, nutraceuticals, and dietary approaches could become a feasible tactic to handle
overweight-related problems that may potentially favor cancer development.

Palbociclib (PD-0332991) was the first CDKI 4/6 demonstrating a substantial efficacy
against breast cancer cells in combination with endocrine therapy in ER+ tumor models
in vitro [152]. From 2009 onwards, palbociclib has undergone successful studies in concomi-
tance with hormonal therapies—HT—that led to its FDA approval in 2015 [153], including
selective estrogen receptor degraders (SERDs) [154], aromatase inhibitors—AIs—[155],
and fulvestrant [156]. Some CTs also show the activity of this CDK4/6 blocker as a single
agent both in ovarian [157] and in metastatic breast cancers [158], illustrating a good drug
side-effect profile.

Konecny and co-workers (2011) put the basis for the first clinical studies involving pal-
bociclib in ovarian malignancies, corroborating the effectiveness of this second-generation
CDKI over a screen of 40 different human tumor cells of several OC subtypes (serous, clear
cell, endometrioid, and mucinous) [159]. Cytotoxicity was dose-dependent but showed
some variability from one cell line to another; moreover, a direct correlation between p16
hypoexpression, high RB1 levels, and a significant response to palbociclib treatment was
verified, both in vitro and in a clinical cohort of 263 OC patients. Inhibition of RB1 phos-
phorylation and promotion of G1 cell-cycle arrest and apoptosis further supported the
promising use of palbociclib in OC, also in later clinical studies [160].

Another noteworthy observation was carried out in TNBC models, a highly aggressive
BC subtype characterized by the lack of expression of targetable receptors and a rapid
tendency to metastasize to lungs, brain, and bones. Liu and colleagues (2017) performed
preclinical studies that enabled them to hypothesize the potential benefit of CDK4/6
inhibition against TNBC invasiveness, where a poor clinical effect had been previously
observed. The authors correlated the stunting of tumor growth with the antagonizing
role of palbociclib in DUB3-driven CDK4/6 activation, consequently preventing EMT and
metastases [161].

Abemaciclib exhibited the highest potency and best delivery efficiency among the
three next-generation CDKIs, also showing effects on other kinases such as CDK9 and
PIM1 [162,163]. Patnaik et al. (2016) performed preclinical studies in OC human xenografts
and patients undergoing abemaciclib therapy [164]. Promising results showed a good
safety profile and clinical significance for this CDK 4/6 inhibitor, and a favorable and
extended CA-125 response to treatment in advanced OC models. Novel studies concerning
abemaciclib monotherapy have also been conducted in HR+/Her2- MBC patients who
become refractory to endocrine therapy (Table 3). Among these, the MONARCH-1 trial
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showed an overall response that accounted for 19.7% of total enrolled patients, whereas
clinical benefit exceeded the 42% [165], additionally confirming the antitumor activity and
manageable toxicity profile of abemaciclib administered alone [166].

Table 3. Selected randomized and ongoing clinical trials evaluating CDKIs therapy in advanced
breast and ovarian cancers.

CDKI Target Outcome N Disease Phase Study

PD-0332991
Palbociclib CDK 4/6

Palbociclib efficacy and
safety were confirmed in
recurrent ovarian cancer.

Biochemical response rate
was determined by CA125

26 Ovarian epithelial
carcinoma Phase II [157]

Palbociclib CDK 4/6

Palbociclib monotherapy is
effective and well tolerated

in endocrine-resistant
HR+/Rb+ breast cancer

patients.
Treatment-related
neutropenia was

significantly associated with
extended PFS, suggesting

neutropenia as a useful
marker to set up palbociclib

dosing

196

(1) Metastatic breast
cancer (MBC)

(2) Metastatic colorectal
cancer

(3) Metastatic melanoma
with CDK4 mutation
or amplification

(4) Cisplatin-refractory,
unresectable germ cell
tumors

Phase II [158,167]

Palbociclib CDK 4/6

Palbociclib plus endocrine
therapy (Letrozole;

PALOMA-2; or Fulvestrant,
PALOMA-3) showed

significant and extended
efficacy and good drug
tolerance regardless of

molecular cancer subtype.
CDKI 4/6 median PFS was

twice vs. endocrine
monotherapy

666 ER+/Her2- advanced breast
cancer (ABC) Phase III PALOMA

[156,168,169]

Palbociclib CDK 4/6

Palbociclib exhibited
promising clinical activity in

monotherapy and may
become a potential strategy
to overcome resistance in

patients with prior response
to ET

The median clinical benefit
was two times higher when

combined with HT
(anastrozole, letrozole,

exemestane, fulvestrant) vs.
palbociclib alone

115 ER+/Her2- postmenopausal
ABC Phase II TREnd trial

[155]

Palbociclib CDK 4/6

Palbociclib plus letrozole
therapy decreased BC cell

proliferation and induced a
full cell-cycle block in ER+

patients compared with the
letrozole group. Slight

neutropenia levels were
observed

306 ER+ primary breast cancer Phase II PALLET
[170]

LY2835219
Abemaciclib CDK 4/6

Abemaciclib monotherapy
exhibited promising clinical

activity and safety in
refractory HR+/Her2- MBC
patients.Extended CT also
confirmed good biological

effects of abemaciclib in
co-treatment with

anastrozole

224
132

HR+/Her2-
metastatic breast cancer Phase II

MONARCH-
1

[165,171]
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Table 3. Cont.

CDKI Target Outcome N Disease Phase Study

Abemaciclib CDK 4/6

PFS improvement for
patients receiving

abemaciclib + fulvestrant or
fulvestrant monotherapy
regardless of menopausal

status. The combined
treatment was safe and
effective, significantly
delaying successive

chemotherapy cycles

669 HR+/HER2- ABC Phase III
MONARCH-

2
[172,173]

Abemaciclib CDK 4/6

Abemaciclib plus ET
significantly ameliorated

IDFS in patients at high risk
of recurrence compared
with ET monotherapy

5637 HR+, Her2-, node-positive
early breast cancer Phase III monarchE

[174,175]

Abemaciclib CDK 4/6

Good safety profile and
efficacy in combinations of
abemaciclib with different
ET in HR+, HER2- MBC

patients. Evidence of
antitumor activity: ORR of

38.9% and CBR of 55.6%
First study that evaluates

anticancer effect of
abemaciclib + exemestane

37 Rb+, triple negative MBC Phase Ib [176]

Abemaciclib CDK 4/6

Estimation of the PFS and
clinical benefit rate

Patients with HR+ tumors
also receive AIs

(anastrozole/letrozole) for
standard of care (SOC)

32 Recurrent ovarian and
endometrial cancer Phase II [177]

LEE011
Ribociclib CDK 4/6

Ribociclib showed clinical
activity in some tumor types
The association between the

genomic mutation profile
and the observed clinical

benefits is still under study,
in order to assess the

co-treatment potential with
additional drugs

106 Tumors with CDK4/6
pathway activation Phase II [178]

Ribociclib CDK 4/6

The addition of ribociclib to
letrozole treatment (low

clinical activity as a single
agent) generated 50% and
55% PFS in patients with
ER+ relapsed OC and EC,

respectively

40 Ovarian and endometrial
cancer Phase II [179,180]

Ribociclib CDK 4/6

The co-treatment of
ribociclib and fulvestrant

exerted a significant overall
survival benefit vs. placebo

and fulvestrant in
HR+/Her2-ABC patients,

opening a new
first/second-line of

treatment for this cancer
subtype

725 ER+ breast cancer Phase III
MONALEESA-

3
[181,182]

Ribociclib CDK 4/6

Ribociclib plus multiple
first-line ETs

(tamoxifen/NSAI +
goserelin) significantly

increased PFS and showed a
moderated toxicity profile

672 HR+/Her2-
advanced breast cancer Phase III

MONALEESA-
7

[183]
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Table 3. Cont.

CDKI Target Outcome N Disease Phase Study

Ribociclib CDK 4/6

To understand the ability of
Ribociclib plus ET to

prevent or delay acquired
resistance to ET in BC

patients, so as to improve
IDFS

5000 HR+/Her2-
early breast cancer Phase III NATALEE

[184]

G1T28
Trilaciclib

CDK
4/6

Prevention of
chemotherapy-

induced myelosuppression
in TNBC is being tested
Low-toxicity regimen

generally well tolerated
exerting encouraging

survival rates
No treatment-related deaths

were identified

102 Triple negative breast cancer Phase II [185]

SY-1365 CDK 7

SY-1365 inhibited cancer cell
growth in vitro and murine

xenograft models
Enhanced activity was

observed in combinations
with BCL2 inhibitor

(venetoclax)

137 Ovarian cancer
breast cancer Phase I

First selective
CDK7

inhibitor to
enter clinical
development

[144]

ABC: advanced breast cancer, AI: aromatase inhibitor, CBR: clinical benefit rate, CT: chemotherapy, EBC: early
breast cancer, EC: endometrial cancer, ER: estrogen receptor, ET/HT: endocrine/hormonal therapy; HR: hormonal
receptor, IDFS: invasive disease-free survival, MBC: metastatic breast cancer, OC: ovarian cancer, ORR: objective
response rate, OS: overall survival PFS: progression-free survival, SOC: standard of care, TNBC: triple-negative
breast cancer.

In 2018, the MONALEESA-3 clinical trial outcomes prompted the FDA approval of
ribociclib plus fulvestrant in postmenopausal HR+, Her2- advanced BC patients [182]. Fol-
lowing studies of Iyengar and co-workers evaluated the effectiveness of selective CDK4/6
inhibitor ribociclib in different models of high-grade serous ovarian cancer both in vitro
and in vivo and identified a pivotal and very selective dose-response activity against cancer
cells viability [186]. Cytotoxicity was even more evident upon ribociclib plus cisplatin
association, showing a pronounced synergism in co-treatment therapies. The wide ability
of CDK4/6 inhibitors to impede cell-cycle progression through the G0/G1 phase was
confirmed, whereas the accumulation of cells at the G2/M phase suggested a potential
role of ribociclib at this checkpoint as well. Interestingly, the addition of ribociclib also
prevented cisplatin chemotherapy-surviving cells to progress over the G2/M cell-cycle
phase. Combinations of ribociclib and letrozole also revealed promising results in early
HR+ mammary tumors, identifying CDKIs as valuable alternatives to reduce relapses and
side effects derived from ET [184,187].

So as the main mechanism underlying G1-targeted CDK4/6 inhibitors go through
avoiding RB1 tumor suppressor phosphorylation and its subsequent inactivation, the effects
of some agents such as palbociclib require the presence of a functional pRb protein to work
properly [188]. Cancers presenting deletions at the pRb protein level represent a treatment
challenge, as the lack of a functional target makes these tumors resistant to CDKIs 4/6,
making single-agent therapy ineffective [189].

For this reason, CDK 4/6 inhibitors are presently experiencing multiple large, ran-
domized clinical trials to test the prospective combined approaches with anti-estrogen and
hormonal therapies [153,171,190,191] (see Table 3). Actually, therapies targeting ER such as
tamoxifen, aromatase inhibitors, or fulvestrant that also affect cyclin D1 expression and
promote G1 phase cell accumulation may potentiate the blocking function of a CDK4/6
inhibitor in cell-cycle progression [153,155,173]. As a matter of fact, cyclin D1 has strongly
exhibited a main role in the development of Her2-driven breast tumors [192].
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Intriguing early stage trials are also investigating possible CDKIs and PI3K inhibitors
combinations in TNBC. Both palbociclib and ribociclib were administered together with
taselisib/alpelisib—respectively—showing a greater synergistic response in terms of cell-
cycle arrest and apoptosis compared to single-agent use [193,194].

There are several ongoing and completed Phase II/III studies testing dual CDK4/6
inhibitors against breast and ovarian carcinomas (Table 3), further verifying the antitu-
mor effectiveness of this group of drugs, some of which already manifesting superiority
over ET in monotherapy. Additional trials combining palbociclib with other agents (e.g.,
capecitabine) did not exert comparable results in terms of clinical benefit, QoL, and safety
profile [195].

Recently, a new and very efficient CDK4/6–RB1 axis blocker has emerged as an
antitumor drug thanks to its interesting efficacy in breast and ovarian cancers, among other
malignant neoplasms [196]. The SPH3643 molecule displayed a stronger inhibition pattern
and better specificity than abemaciclib and palbociclib, opening a new window for future
CTs focused on the development of specific strategies in RB1-positive cancers.

4. Discussion

Obesity is a leading cause and a risk factor in cancer development. Bad dietary habits
and high BMI are estimated to account for 15–20% of all cancer-related deaths and joined
to physical inactivity, these three preventable factors contribute to around 20 to 30% of
the most commonly diagnosed malignancies. DIO has been seen to interfere with several
cellular and molecular mechanisms that set off the bases for tumor development. Indeed,
the present research is focused on the understanding of the molecular mechanisms favoring
cancer development in obese patients, as well as the underlying pathways that unleash the
inflammatory state, characterized by high levels of cytokines and adipokines (IL-1, IL-6,
TNF-α, leptin) and CRP, and lower concentrations of circulating APN. New elucidations
within this research field could greatly contribute to improving the treatment approaches
for breast and ovarian cancers, two of the most frequent female tumors with high rates of
fatal outcomes.

Cyclins and CDKs are essential players that regulate cell cycle-related biological
pathways. Clinical use of first-generation, pan-CDKIs such as flavopiridol or seliciclib has
been replaced to avoid side effects and improve efficacy by new potent selective CDKI
agents. The FDA has already approved three CDK4/6 inhibitors for lifelong breast cancer
therapy (palbociclib, abemaciclib, ribociclib), which mainly work by avoiding the G1 to S
cell-cycle phase transition. Interestingly, Iqbal et al., 2018 proposed CDK blockers for the
management of obesity, as CDK-4 proved to be an effective target in the treatment of DIO,
mostly by preventing RB1 protein from hyperphosphorylation. The RB1 unphosphorylated
form allows its biological activation, which consequently reinstates POMC neuron function
and leptin sensitivity, driving increased lipid peroxidation and fat mass drop.

In those terms, along with this article, we have exemplified how the next-generation
CDK inhibitors targeting CDK4/6 not only represent a beneficial alternative in ovarian and
breast tumors—both in monotherapy or in combination with ETs or AIs—with several CTs
presently supporting this choice (monarchE, MONALEESA, NATALEE, PALLET, among
others), but we have also evaluated their potential as future players in the treatment of DIO.

As has been introduced at the beginning of this article, blocking CDK proteins also
induces endogenous cyclin inhibitor proteins such as p21 and p27, which are common
targets of many phytochemicals and plant-based foods such as those mentioned in this
review (p.e. curcumin, vitamins A, C, E; anthocyanins . . . ), that further decrease RB1
phosphorylation and consequently avoid tumor cells invasion, migration, and angiogenesis.
Regarding the potential introduction of CDKi drugs for the management of obesity, it would
be important to estimate the anti-DIO effect in several cohorts of patients treated with
CDK4/6 antagonists, as well as to identify which biomarkers could be the most useful to
detect and quantify the connection existing between the anti-obesogenic role of a specific
molecule and the achieved antitumoral effect. An example of these biomarkers linking both
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diseases has been recently reviewed last year [11], where the authors have deeply examined
the accumulation of reactive oxygen species (ROS) and other free radicals responsible for
causing DNA damage in DIO and cancer, some of them already outlined in this review
(p.e. adipokines and cytokines). High levels of these molecules can generate cellular DNA
damage, altering additional biomolecules throughout the cell that subsequently affect the
normal function of lipids and proteins as well.

The second aim of this review was to delve into the meaningful anticancer properties
that dietary approaches and nutraceuticals have in the management of breast and ovarian
tumors, including a better clinical response to chemotherapy and a significant reduction
of adverse drug events. Several CTs have recently brought into light the likeliness of
introducing nutritional and plant-based supplements in a regular diet to lower the risk
of suffering or ameliorate the course of a pathological condition, by decreasing cancer
growth-related factors and increasing PFS and prognosis. These studies highlight the role
of phytochemicals as agents that can not only prevent but also treat chronic diseases. These
new diet-based alternatives have been proposed as good tools that could be synergistically
employed together with CDKIs to increase their effectiveness in breast and ovarian cancers,
by targeting CDK-related proteins.

In summary, the molecular mechanisms linking obesity and cancer are getting profound
interest, and many studies devoted to understanding the impact of the metabolic inflammatory
state associated with obesity upon cell-cycle progression and tumor proliferation—two of the
main hallmarks of cancer—are still ongoing, with a novel focus on blocking the CDK4/6 protein.

Nonetheless, several limitations need to be overcome so as to include in the treatment
guidelines for cancer and obesity all the beneficial outcomes that nutraceuticals have been
seen to exert both in vitro and in CTs.

One of the main difficulties of testing phytochemicals in vivo that may also hamper
more accurate CTs is the quantitation and identification of which specific phytochemical
or compound—usually administered as a mix of active ingredients—comes effectively ab-
sorbed into the bloodstream, especially when administered orally. Indeed, inter-individual
variabilities and phytonutrient’s metabolic differences among several groups may increase
the arduousness in making these molecules representative of a regular diet; this issue could
additionally become more insidious if we consider that the extract’s richness in a specific
metabolite can be very variable according to the extraction method of natural compounds
from the plant, their purification, conservation, and climatic conditions, specific variety
or specie, etc., which may further mislead the identification of the most active compound
within a complex plant extract mixture of bioactive forms that can or not act synergistically.

A second hurdle in carrying out clinical studies with nutritional compounds is the lack
of accurate methods that help to understand the molecular mechanisms underlying the
anticancer and/or anti-obesogenic effects of these dietary phytonutrients. It is extremely
complicated to design clinical studies that precisely assess the impact of a specific kind of
diet on the expression of particular genes of interest, which would make it easy to predict a
better treatment response within these patients. Furthermore, the majority of the studies
involving nutritional approaches in breast and ovarian cancers that have been reviewed
here (see Table 2) are early Phase I/II CTs, which, joined to the huge heterogeneousness
among different tumor types in terms of grade, tissue, invasiveness, or genes involved,
make the achievement of a common and general conclusion even more difficult.

Contrastingly, many of the studies cited in this review showed the advantages of using
nutraceuticals in cancer patients, particularly those affected by obesity. These promising
metabolites could become good agents to specifically increase the sensitization of tumor
cells to standard chemotherapeutic drugs such as tamoxifen, paclitaxel, carboplatin, or
bevacizumab—among others—and reduce different types of breast and ovarian cancers.
Furthermore, the synergistic effect of chemotherapy and phytonutrients may be of great
help to diminish chemoresistance and/or the toxicity typically related to these drugs,
improving the prognoses of diagnosed cancers. Thus, it is important to further investigate
the use of phytochemicals in future CTs, as well as to extend their applications to other
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human malignancies, to deduct to what extent they may effectively become a potent
long-term strategy.

A future challenge consists in the development of novel personalized medicine to treat
obesity and related diseases, repurposing some already commercialized cancer-associated
therapeutic strategies such as CDK4/6 inhibitors or CDK druggable proteins that have been
presented along with this review. Furthermore, the potential combination of nutraceuticals
and/or dietary supplements with CDKi could open a new research pathway to be further
exploited in the cancer research field. As a matter of fact, a recently published work
has also shown Camptothecin—an anticancer-proved molecule targeting topoisomerase
enzymes—to be effective in treating DIO in vivo, probably throughout the activation of the
growth differentiation factor GDF15, therefore decreasing BMI, blood glucose, and hepatic
fatness [197]. This newfound article represents another example of the increasing interest
that antitumor agents may have in the management of obesity, linking cancer mechanisms
with those underlying DIO development, which undoubtedly need further investigation
and CTs set up to effectively understand their efficacy and safety of use.

5. Conclusions

The strong correlation linking obesity and cancer has been widely investigated and
ascertained among the last years. Nonetheless, the specific pathways that may help to
understand this essential association have not been completely deciphered. Along this
review we have highlighted the specific and potential mechanistic similarities conecting
both kind of diseases, underlining the outcomes reached by several related and very recent
studies and clinical trials, with a special focus given to cyclins and CDKs. We have also
emphasized the anticancer properties of plant-derived compounds and nutraceuticals that
are frequently found in the Mediterranean diet, which may represent a safe and beneficial
option that complement the antitumor therapy.

In conclusion, the data here summarized support the fact that DIO and cancer are two
tightly connected conditions, and CDK-pathways represent a key molecular link between
breast and ovarian malignancies with obesity. We hope that this review may contribute to
promote additional research that explore the promising properties of CDKIs as valuable
anticancer agents in obese patients and viceversa.
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