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Abstract: Obesity is a recognized risk factor for renal cell carcinoma (RCC) the commonest form of kidney

cancer. Both obesity and RCC are serious diseases with increasing incidence yearly. This review examined

certain obesity associated measurements and adipokines as detection/prognostic indicators for RCC. The

obesity related measurements such as body mass index (BMI), waist circumstance (WC), waist-hip ratio

(WHR) in predicting RCC are valid when used in conjunction with other risk factors such as age and sex

or with histological findings. The adipokine adiponectin holds promising outcomes as a predictive marker

in assessing the risk of developing RCC. In addition, tissue leptin/leptin receptor may be a distinguishing

marker for RCC subtypes. However, circulating leptin may not be a suitable detection or prognostic

biomarker for RCC. The other less investigated adipokines; omentin, visfatin, apelin and resistin are also

expressed in RCC but their prognostic capabilities are still inconclusive. BMI, WC and adipokines may be

useful additions in a nomogram which includes TNM staging and pathological grading system to detect,

confirm and follow-up RCC cases.
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Introduction

Kidney cancer accounts for 2% to 3% of all malignancies
internationally and majority (90% and above) are renal cell
carcinomas (RCCs) (1). Kidney cancer is the 9" and 13"
commonest cancer in males and females respectively, with
an increasing incidence rate worldwide (2,3). It is considered
to be the most fatal of all the common urologic cancers (3).
Equally, obesity is considered a worldwide debilitating
disease as it leads to many chronic diseases. Obesity is
a leading contributor to the global burden of chronic
diseases. Obesity is one of the known risk factors of RCC.
Consequently, the increase in obesity rate could directly
increase the risk of RCC in an individual (4). Hence, this
review explores various obesity related parameters and
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proteins as potential detection or prognostic indicators

for RCC.

Conventional diagnosis and prognosis of RCC

RCC is categorized into numerous subtypes based on the
histopathological features of which clear cell carcinoma
clear cell RCC is the commonest (5,6). Fuhrman grading or
the International Society of Urological Pathology (ISUP)
is used to grade RCC. The cancer cells are graded based on
the shape and size of tumour cell nuclei and nucleoli and
stage reflects how much the cancer has spread. The Tumour
Node Metastasis (TNM) staging is used to assign stages
of cancer and used for staging kidney cancers including

RCCs (7).
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The classic triad symptoms of RCC are haematuria,
abdominal pain and palpable abdominal mass but many
patients may be asymptomatic until detection (8). Some
patients may not be diagnosed until the tumour has reached
an advanced stage or has metastasized. The management
approach to RCC is guided by the probability of cure,
which is related directly to the stage or degree of tumour
dissemination (9). A survey from the American Cancer
Society revealed that higher stages (Stage III & IV) have a
lower survival rate compared to low stages (Stage I & 1I),
post-nephrectomy. The survival rate in Stage I was 81%,
Stage II was 74%, Stage III was 53% and Stage IV was
8% (10). Therefore, early detection or prognostic indicators
for RCC are essential for early diagnosis and to aid in the
management of patients.

Obesity: a RCC risk factor

Obesity rate has been increasing all over the world. New
studies have concluded that, being overweight, having excess
body weight (obesity) and being in an obese state have been
established as a risk factor for RCCs in several case-control
and cohort studies (11,12). Similar to obesity, males are
more prone to develop RCCs compared to females (13).
One of the larger studies linking RCCs to obesity involved
362,552 Swedish men followed-up for an average of
19 years between 1971 and 1992. This study concluded that
being overweight or obese was associated with a statistically
significant increase in kidney cancer compared with non-
overweight/obese controls (14). Other epidemiological
studies suggested a strong association between obesity and
RCC risk (15-17).

Being overweight is often defined as having more body
weight than is considered normal or healthy at a specific
age and the term “obese” is used for overweight people
who have a high percentage of body fat (18). Obese state
can be characterized via an extreme development of adipose
tissue mass, which manifests as adipocyte hypertrophy,
hyperplasia and increased intracellular lipids (19). A
number of factors contribute to obese circumstances
including metabolic imbalance (20), inactive lifestyle and
environment (21), genetics or family history (22), health
conditions and medicines, smoking (23), age (24), pregnancy
and lack of sleep. Such factors lead to the imbalance
secretion of adipocytes (fat connective tissue/cells) around
organs in the human body (20,21,23,24).
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Obesity measurements tools in RCC
prognostication

Body mass index (BMI), waist-bip ratio WHR) and RCC

Most studies investigated BMI using self-reported body
weight and height. One of the first meta-analysis of
prospective studies provided evidence for an association
between BMI and risk of RCCs with summary risk estimates
(per 5 kg/m’ increase in BMI) of 1.24 in men and 1.34 in
women over 30 years ago (25). Currently, more than half
of the US adult population is considered to have a surplus
weight, which means their (BMI) is more than 25 and nearly
one quarter are clinically obese which means their BMI is
more than 30. Therefore, the increased obesity cases, at
least partly, explained the increase in RCC incidence (26).

A study that considered BMI as an indicator using
1,017 Korean RCC subjects revealed that overweight and
obese patients had less aggressive tumours and had more
favourable pathological features and a better prognosis
than those with a normal BMI (27). However, current
studies appear to indicate BMI as a valued instrumental
measurement for RCC progression, just not independently.
A study revealed that a higher BMI was a favourable
predictive factor in patients with clear cell RCC, a poor
predictor in patients with chromophobe RCC and
was indicated to have no prognostic value in regards
to papillary RCC hence suggesting that an association
between BMI and RCC prognosis may differ by histologic
subtypes (28). Other recent work in non-metastatic clear
cell RCC patients with high BMI (>25 kg/m’) was linked
with better prognosis in the older patients (>45 years)
compared to the younger patients (<45 years) as well as sex
as it been shown that men with clear cell carcinoma and
higher BMIs have worse prognosis compared to women
with higher BMIs (29).

Alternatively, body fat distribution studies suggested an
increased risk of RCC with increasing waist-to-hip ratio,
but the evidence is too limited to conclude that abdominal
obesity is a risk factor of RCC independently of BMI.
However, these additional measurements may perhaps hold
added worth towards RCC prognostication. For example,
Pischon and colleagues [2006] found that obesity increased
the risk of RCC regardless of fat distribution in women,
while a low hip circumference increased RCC risk for
men (30). Last year, Bertrand and colleagues [2017] in a
small prospective RCC cohort assessed BMI, radiographic
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Figure 1 Leptin and leptin receptor activation pathway. Leptin activates cytokine signalling transduction by inducing Janus kinase (JAK2)

pathways through leptin receptor. Activation of JAK2 initiates downstream signalling of suppressor of cytokine signalling 3 (SOCS3) and

signal transducer and activator of transcription 3 (STAT3). Leptin binds to the leptin receptor results in autophosphorylation and activation
of JAK2, which then leads to phosphorylation of tyrosine residues (pY-985 and pY-1138). Image modified from Karimi ez a/. [2011] (46).

waist circumference (WC) and retrorenal fat pad distance
and interestingly showed that WC was associated with
higher renal mass complexity and while BMI and WC were
associated with lower-grade tumours (31).

Obesity prognostic biomarkers associated to
RCC—the usual suspects

Although abundant amount of adipokines are secreted by
adipose tissue to maintain homeostasis of human body, there
are many molecules and protein involved in the regulation
of fat metabolism. When this mechanism fails to function
and regulate correctly, it leads to metabolic imbalance and
the obese state (32). Since RCC is an obesity related cancer
and is considered a metabolic disease (33,34), there are
several adipokines that have been investigated in RCC and
the most frequently studied adipokines are leptin/leptin
receptor and adiponectin (35). Other emerging adipokines
explored in RCC are omentin, visfatin, and resistin are
some examples (20).

Leptin

Leptin is a biological-polypeptide secreted by adipocytes
into the blood circulation (36,37). The hormone leptin was
initially discovered in 1994 through its association in the
homeostatic regulation of body weight (38). When leptin
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reaches the brain via regions outside the blood-brain barrier
including parts of hypothalamus, it decreases appetite and
enhances the metabolic rate (39,40).

The primary role of leptin is to sustain the food
consumption and energy expenditure in the human body,
thus leptin is thought of as a satiety hormone (41). Leptin
is found at increased levels in the serum of obese people
(42,43). The high level of circulating leptin in obese people
reflects higher amounts of adipose tissue in the body, with
a deficiency or resistance to leptin perhaps contributing to
severe obesity (44,45). Leptin activates cytokine signalling
transduction by inducing Janus kinase (JAK2) pathways
through leptin receptor (Figure 1) (46). Studies have
proven that leptin also initiate other molecular pathways
such as Janus kinase (JAK)2/3, phosphoinositol-3 kinase
(PI3K) and extracellular signal regulating kinase (ERK)1/2
which may promote cancer cell survival, proliferation and
migration (47-50).

For the past 10 years, the connection between leptin and
RCC has been studied, in particular to correlate underlying
mechanisms with RCC development and progression. To
date, lack of studies focused on mechanisms of circulating
leptin and its contribution to the development of RCC
(37,51). Studies evaluating the association of circulating
leptin levels and risk of RCC have given contradictory
results. A study by Spyridopoulos et 4. [2009] showed that
circulating leptin levels were inversely associated with
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RCC risk after adjusting for confounding factors such as
BMLI, history of diabetes mellitus and other adipokines
such as adiponectin (52). In contrast, Liao er /. reported
that higher serum leptin levels were significantly associated
with RCC in Caucasians but there was no correlation of
leptin levels and RCC risk in African Americans (53,54).
A recent systematic review and meta-analysis by Zhu
et al., highlighted that serum leptin level was reduced in
men compared to women with RCC (55). In addition, from
the findings of the meta-analysis, Zhu and team [2018]
concluded that leptin level might not be correlated to the
risk and progression of RCC (55).

Leptin receptor

Leptin acts through a cell surface leptin receptor that is type
1 cytokine receptor (Figure I) (46). Alternative splicing of the
transcript from a single leptin receptor produces multiple
leptin receptor isoforms, but a single isoform appears
to account for all of leptin action. Leptin receptor (long
form) may be expressed in other tissues, central nervous
system. Leptin receptor accounts for the majority of leptin
action (56). Leptin receptor has a role in energy homeostasis
and associated with obesity in humans and elevated soluble
leptin receptor concentrations are linked with sleep
apnoea, independent of BMI (57). Leptin receptors are also
expressed in many tumour cell types (58,59).

Lee et al. [2017] recently investigated leptin receptor
expression in upper tract urothelial carcinoma including
some RCC tissue samples and found there were some
significant correlation with patients with increased BMI
and high serum creatinine levels. In addition, leptin
receptor expression in these cases were associated with
poor recurrence-free and cancer-specific survival and
suggest leptin receptor to be independent predictor of poor
recurrence-free survival and cancer-specific survival in their
cohort of patients (60) however its value as a prognosis
marker for RCC still remain debatable as unpublished
evidence from our research team looking at leptin receptor
in RCC tissue from a cohort of clear cell RCC patients
diagnosed at a Malaysian single-centre revealed that that
leptin receptor was not a prognostic indicator nor disease
progression indicator. However, the expression levels of
leptin receptor in RCC tissue may be able to differentiate
RCC subtypes as immuno-staining in an Australia cohort
showed leptin and leptin receptor to be higher in renal
oncocytoma compared to clear cell RCC and chromophobe
RCC (61).
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Adiponectin

Adiponectin is secreted by the adipose tissue, and it
functions to regulate glucose and lipid metabolism.
Adiponectin can be found in the plasma where it has an
insulin sensitizing effect, which increases glucose uptake
in muscles and reduces liver glucose production or fat
accumulation (62). Low plasma levels of adiponectin
levels are seen in individuals with metabolic syndrome,
obesity and obesity related disease such as type 2 diabetes
(63-65). Adiponectin regulation of energy metabolism
and carcinogenesis and its contribution towards the risk
of obesity and RCC is illustrated in Figure 2 (66). Besides
that, low circulating adiponectin levels has also been
shown to be associated with obesity related cancers such
as breast, prostate and colorectal cancers (66-69). In RCC,
several studies have evaluated the predictive or prognostic
significance of adiponectin (11,53,54,70,71).

Studies looking at the pre-diagnosis and pre-operative
levels of circulating adiponectin in RCC patients reported
significantly lower or a trend of lower adiponectin
level compared to controls who did not have RCC
(11,12,53,54,69,72,73). Therefore, it is likely that lower
circulating adiponectin levels conferred a risk for RCC. In
addition, this was supported by studies which found that
single nucleotide polymorphism in ADIPOQ rs1802052
affects circulating adiponectin level and RCC risk (73,74).
A study looking at the circulating adiponectin level after
surgical removal of the RCC tumour found that circulating
adiponectin was higher in RCC patients compared to
controls (53). It is unclear if surgical removal affected the
circulating adiponectin level as none of the studies evaluated
adiponectin before and after nephrectomy.

Results for circulating adiponectin as a prognostic
factor in RCC are contradictory. Three studies reported
that size at a cut-off of 4 cm can affect adiponectin levels
(12,71,75). Ito et al. [2017] and Wang et al. [2016] found
lower adiponectin level in tumours <4 cm but Pinthus
et al. [2008] found significantly higher adiponectin level in
tumours <4 cm (12,71,75). Similarly, studies have reported
conflicting results for circulating adiponectin levels in
patients with metastasis and also adiponectin levels in
affecting patient survival (70-72,75,76). More studies are
still required to determine the exact effects or mechanism
of circulating adiponectin on tumour progression and
patient survival. In terms of tissue expression, studies have
found that adiponectin receptors AdipoR1/R2 expressions
were not correlated with RCC tumour aggressiveness or
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Figure 2 Adiponectin in the regulation of energy metabolism and carcinogenesis which modulates the risk of obesity and RCC. Referenced

from Ye and Scherer [2013] (66).

survival (75,77).

Trending adipokines as prognostic biomarkers
related to RCC

Omentin

Omentin is a recently identified fat-specific adipokine
codified by omentin gene 1 and gene 2. It is considered
to be highly and selectively expressed in visceral omental
adipose tissue. This protein is predominantly found in
adipose tissue but it is also expressed in heart, lung, ovary
and placenta. A recent study found that omentin plays a
role in the development of prostate cancer (78). Shen and
colleagues illustrated that a small cohort of newly diagnosis
RCC patients had significantly decrease serum omentin
levels compared to healthy controls. They revealed a
significant negative correlation among omentin-1 with
WHR and BMI, however long-term studies are yet to be
establish to determine its prognostic value (79).

Visfatin

Visfatin is an adipokine identified in 2004 that is produced
and secreted in visceral fat (80). It has a molecular
weight of 52 KDa and its gene encodes 491 amino acids.
Visfatin is also known as pre-B cell colony-enhancing
factor (PBEF) and is also recognized as Nicotinamide
Phosphoribosyltransferase (Nampt) (81). Visfatin was found
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to be released predominantly from macrophages rather
than from adipocytes (82). It was found to play a role in
human diseases and involved in the enhancement of cell
proliferation and hypoglycaemic effects. One study revealed
increased visfatin leads to development and progression
of cancer by the activation of signalling pathways, such
as PI13K/AKT, ERK1/2 and JAK2/STAT3 (83). RT-PCR
experiments by Zhang and co-authors [2017] found that
visfatin gene expression was significantly higher in clear cell
RCC compared to adjacent normal tissues signifying that it
is associated with an increased risk of clear cell RCC (84).

Apelin

Apelin is a 77 amino acid bioactive peptide discovered
lately, proven to be an endogenous ligand of the apelin
(APJ) receptor (85) which is widely expressed in various
organs including kidney, adipose tissue and human plasma (86).
Recently, apelin has been described as a beneficial adipokine
related to obesity, and there is growing awareness of a potential
role for apelin in glucose and energy metabolism (87). In
cancer, it is associated with clinical features and prognosis
of gastric cancer (88). Although Apelin is a tumour growth
stimulator and suggested diagnostic biomarker for cancers,
even RCC (86) and preliminary work by Zhang and
colleagues [2017] displayed significant upregulated mRNA
expression of apelin in clear cell RCC samples compared
to adjacent normal tissue (84). This warrants further
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correlation studies to confirm its RCC prognostic capability.

Resistin

Resistin is a cysteine-rich peptide hormone secreted by
adipocytes and found in the circulation (89) and studied in
various cancer (90,91). Having proposed to be involved in
RCC development via its effects on proliferation, mitosis
and inflammation, a study presented resistin mRNA
expression to be significantly increased in clear cell RCC
compared to its adjacent normal tissues (84). Although
there are no studies done in regards to prognostication of
resistin for RCC, it may be an imperative subsequent area
for exploration.

Conclusions

This review distinguished certain obesity related
measurements and adipokines (such as adiponectin)
as potential detection/prognostic markers for RCC as
elaborated earlier. Furthermore, it appears extremely
probable that certain metrics [such as BMI, waist
circumstances (WC)] (28,29,31,92,93) and proteins (i.e.,
adiponectin) may provide better value if used together
with existing practice tools (such as TNM staging and
Fuhrman grade) (70,71,75) to detect, confirm and follow-
up RCC cases holistically compared to the traditional use
of a singular prognostication marker or tool. In addition,
more work needs to be done with the other adipokines as
well as correlation and pathophysiology studies before these
obesity related proteins and measurements can be used in
standard clinical practice for RCC prognostication.
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