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Abstract.
Background: Partial nephrectomy is the standard treatment for T1a and select T1b tumors. Tumor location is very important
because it may predict surgical complications and malignant potential. The aim of this study was to investigate the association
between adipose tissue, especially around the kidney, and the growth pattern of RCC.
Methods: We retrospectively reviewed computed tomography scans of 153 patients with stage 1 renal cell carcinoma
who underwent radical or partial nephrectomy at our hospital between January 2013 and July 2016. We calculated
visceral/subcutaneous/perirenal fat volumes using SYNAPSE VINCENT®. In 60 patients, perirenal fat was immunohis-
tochemically stained for leptin, adiponectin, COX-2 and UCP1, and the association with outward tumor protrusion was
evaluated.
Results: Among the 153 cases, 88 had confirmed outward expansion (57.5%), 110 were classed as pT1a (52 and 58 with
outer and inner expansion, respectively), and 43 were classed as pT1b (36 and seven with outer and inner expansion, respec-
tively; pT1a vs. pT1b, P < 0.0001). A multivariate logistic regression model showed a trend towards significance in pT1b
(vs. pT1a; odds ratio [OR] 6.033; 95% confidence interval [CI] = 2.409–15.108; P = 0.0001) and perirenal fat percentage
>1.0 (vs. ≤1.0; [OR] 2.596; 95%CI = 1.205–5.591; P = 0.014) as independent predictors for outer protrusion. Immunohisto-
chemical staining was positive for UCP1 expression in 31 out of 41 outgrowth types (75.6%) and in all 19 endogenous types
(100%; P = 0.003).
Conclusions: Renal cell carcinoma with thick perirenal fat correlates with an increased likelihood of developing outward
tumor protrusion; therefore, fat distribution may affect the development of renal cell carcinoma.
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INTRODUCTION

In recent years, partial nephrectomy has been the
standard surgical treatment for T1a tumors (≤4 cm)
and select T1b tumors (>4 cm, 7 cm≥). Among these
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tumor classes, the tumor location can be divided into
inner or outer sites. RCC location is very impor-
tant to surgeons because intraparenchymal tumors
are relatively hard to partially resect and have high
perioperative complications [1]. Furthermore, slow
growing RCCs tend to be outwardly located in com-
parison with rapidly growing types [2]. Therefore,
the tumor location may predict surgical complica-
tions and malignant potential. However, to date, little
attention has been paid to the mechanism of RCC
growth pattern.
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There is much epidemiological evidence to sug-
gest that long-standing obesity is one of the primary
causes of cancer, including cancers of the breast,
colon, esophagus, pancreas, and kidney [3]. In the
human body there are two types of adipose tissue:
white adipose tissue (WAT) and brown adipose tis-
sue (BAT) [4]. WAT is important for energy storage
and releases hormones and cytokines that regulate
metabolism and insulin sensitivity [5–7]. In contrast,
BAT is important for thermogenesis. BAT expresses
uncoupling protein 1 (UCP1), which is rich in mito-
chondria and uncouples mitochondrial respiration
from ATP synthesis to facilitate heat production [5,
8]. BAT is mainly located in the thyroid and medi-
astinal, supraclavicular, and perirenal tissues [8]. The
kidney is surrounded by perirenal fat; however, no
studies have been undertaken to investigate the rela-
tionship between RCC and BAT. Perirenal fat is
located in the retroperitoneum and is a type of visceral
fat [9]. Adipose tissue is generally considered as the
storage site of excess energy, although recently it has
been revealed that adipocytes have endocrine activity
and produce hormones, inflammatory cytokines, and
adipocytokines [10].

A previous study found that prostate cancer (PCa)
patients that had higher levels of periprostatic fat had
more aggressive PCa [11]. Moreover, patients with
metabolic syndromes, including obesity, have poorer
outcomes after radical prostatectomy [12], and obe-
sity is a risk factor for aggressive PCa [13]. For breast
cancer patients, obesity is associated with advanced
disease at diagnosis and with a poor prognosis [14].
Also, in RCC patients, thickness and stranding of
perirenal fat affect progression-free survival of clin-
ically localized kidney cancer [15]. These results
suggest that adipose tissue may also affect RCC
growth.

Based on these results, we hypothesized that an
investigation of the anatomical characteristics of
stage 1 renal tumor may lead to the identification of
factors involved in the development of renal tumors.
The kidney is usually surrounded by perirenal fat,
therefore, to elucidate anatomical factors, we con-
ducted this study to examine the association between
adipose tissue, especially around the kidney, and the
growth pattern of RCC.

MATERIALS AND METHODS

Study population

After receiving the approval of the institu-
tional review board (approval nr. 30-197), we

retrospectively included 153 consecutive patients
who were diagnosed with cT1 RCC and who under-
went partial or radical nephrectomy. All patients were
treated at Kyushu University from January 2013 and
July 2016. Patients who had undergone hemodialysis
were excluded. All the patients had a single kidney
tumor.

Computed tomography measurement of fat
volume

Computed tomography (CT) studies were per-
formed using a 4-slice multidetector CT scanner
(Aquilion; Toshiba Medical Systems, Tokyo, Japan).
Adipose tissue was identified as the pixels rang-
ing from –250 to –50 Hounsfield units. All imaging
data were transferred to a computer workstation for
analysis of the total abdominal fat volume. The vis-
ceral fat (VF) volume, subcutaneous fat (SF) volume,
perirenal fat (PF) volume, and abdominal volume
were calculated using SYNAPSE VINCENT® soft-
ware (Fuji Film, Tokyo, Japan). Subcutaneous fat
and abdominal volume were calculated from the
diaphragm to pubic bone level. To calculate the vis-
ceral fat/subcutaneous fat ratio (V/S ratio), the VF
volume was divided by the SF volume. The PF vol-
ume was measured by marking the area of adiposity
on each CT image (Fig. 1A, B). To calculate the
PF percentage, the PF volume was divided by the
abdominal volume. To minimize inter-observer vari-
ation, adipose tissue assessments were carried out by
the same examiner. When a tumor was 50% or more
exophytic it was classified as an ‘outer location’ and
if it was less than 50% exophytic it was classified
as an ‘inner location’. In this study, when the maxi-
mum section of a tumor protruded from the kidney in
the horizontal or coronary view of a preoperative CT
scan, it was defined as exophytic.

Immunohistochemistry

Immunohistochemistry was performed on 5 �m-
thick adipose tissue sections taken from partial
or radical nephrectomy specimens attached to
tumor. Primary antibodies against leptin (dilution
1 : 100; SC-842; Santa Cruz, Dallas, TX, USA),
adiponectin (dilution 1 : 100; ab22554; Abcam, Cam-
bridge, MA, USA), UCP1 (dilution 1 : 500; U6382;
Sigma, St Louis, MO, USA), or COX-2 (dilution
1 : 100; 160112; Cayman, Ann Arbor, MI, USA)
were applied, followed by a broad-spectrum sec-
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Fig. 1. Measurement of fat area using 5 mm CT slices and
SYNAPSE VINCENT® software. (A) Perirenal adiposity mea-
surement (left side, RCC is outer type). (B) Perirenal adiposity
measurement (right side, RCC is inner type).

ondary antibody (Invitrogen, Carlsbad, CA, USA),
as described previously [16].

For scoring of leptin, adiponectin, UCP1 and COX-
2 expression, stained cells were divided into three
categories as follows: 0, negative; 1, positive; and 2,
strong positive. All stains were visually quantified
by a single pathologist (T. A.) blinded to the sample
identity.

Statistical analysis

All statistical analyses were performed using
JMP13 software (SAS Institute, Cary, NC, USA).
Univariate and multivariate analyses were performed
using the logistic regression model. Correlations
between parameters were examined by χ2 test. P
values <0.05 were considered significant.

Table 1
Patients’ characteristics (n = 153)

Variable

Median age, Years (range) 62 (34–83)
Gender, n (%)

Male 112 (73.2%)
Female 41 (26.8%)

Laterarity, n (%)
Right 73 (47.7%)
Left 80 (52.3%)

Expansion pattern, n(%)
Outer 88 (57.5%)
Inner 65 (42.5%)

Histology, n (%)
Clear cell 132 (86.3%)
Papillary 11 (7.2%)
Chromophobe 9 (5.9%)
Collecting duct 1 (0.6%)

pT stage, n (%)
PT1a 110 (71.9%)
PT1 b 43 (28.1%)

Fuhrman nuclear grade, n (%)
1 23 (15.9%)
2 100 (69.4%)
3 20 (13.8%)
4 1 (0.7%)

Median BMI, kg/m2 (range) 23.5 (16.0–36.5)
Median visceral fat, % (range) 33.0 (5.1–59.9)
Median subcutaneous fat, % (range) 15.7 (2.0–37.9)
Median body fat, % (range) 32.8 (5.0–54.8)
Median V/S ratio, ratio (range) 1.00 (0.11–2.73)
Median Perirenal fat, % (range) 1.01 (0.03–3.59)
Hypertension, n (%)

Negative 76 (49.7%)
Positive 77 (50.3%)

Diabetes mellitus, n (%)
Negative 137 (89.5%)
Positive 16 (10.5%)

Hyperlipidemia, n (%)
Negative 121 (79.1%)
Positive 32 (20.9%)

V/S ratio: Visceral fat/subcutaneous fat ratio; Body fat percent-
age: (Visceral fat+Subcutaneus fat)/abdominal volume Perirenal
fat percentage: perirenal fat/abdominal volume.

RESULTS

Clinical characteristics

The clinical features of the patients are shown in
Table 1. The median age at diagnosis was 62 (34–83)
years, and of the 153 patients, 112 (73.2%) were
men and 41 (26.8%) were women. Seventy-three
patients (47.7%) had right-sided RCC and 80 (52.3%)
had left-sided RCC; 88 (57.5%) were outer and 65
(42.5%) were inner expansion. A total of 132 (86.3%)
had clear cell RCC, 11 (7.2%) had papillary RCC, and
nine (5.9%) had chromophobe RCC; 110 (71.9%)
of the patients presented with pT1a tumors and 43
(28.1%) with pT1b. Twenty-three (15.9%) of the
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patients had Fuhrman nuclear grade 1, 100 (69.4%)
had grade 2, 20 (13.8%) had grade 3, and one (0.7%)
had grade 4. The median body mass index (BMI) was
23.5 (range, 16.0–36.5). The median V/S ratio was
1.00 (range, 0.11–2.73) and the median perirenal fat
percentage was 1.01% (range, 0.03%–3.59%).

Univariate and multivariate analyses of patient
characteristics and expansion pattern

Table S1 summarizes the expansion pattern and
characteristics of the patients. To determine the
important factors that are required for outward
growth, we performed univariate and multivariate
analyses. Patients were divided into two groups
according to the median of each of the following
parameters: BMI, body fat, subcutaneous fat, visceral
fat, perirenal fat percentage, and V/S ratio. In the
univariate analysis, sex (odds ratio [OR] 2.129; 95%
confidence interval (CI) 1.030–4.400; P = 0.041), pT
stage (OR 5.736; 95% CI 2.351–13.995; P = 0.0001),
and PF percentage (OR 2.713; 95% CI 1.399–5.258;
P = 0.003) were associated with expansion pattern
(Table 2). The multivariate analyses showed that pT
stage (OR 6.033; 95% CI 2.409–15.108; P = 0.0001)
and PF percentage (OR 2.596; 95% CI 1.205–5.591;
P = 0.014) were independent factors.

Leptin, adiponectin, COX-2, and UCP1
expression in perirenal fat of RCC patients

We immunohistochemically stained samples from
60 patients for leptin, adiponectin, COX-2, and
UCP1. Positive signals representing these proteins
were predominantly detected in adipocytes (Fig. 2),

and their expression patterns are summarized in
Table 3. Leptin was detected in three (7.4%) of the
41 outer expansion samples (3 [7.4%] 1+) and two
(10.5%) of the 19 inner expansion samples (2 [10.5]
1+; P = 0.681, 0 vs. 1+/2+). Adiponectin was positive
in all 41 (100%) of the outer expansion samples (3
[7.3%] 1+, 38 [92.7%] 2+) and all 19 (100%) of the
inner expansion samples (1 [5.2%] 1+, 18 [94.8%]
2+; P = 0.762, 0/1+ vs. 2+). COX-2 was also positive
in all 41 (100%) of the outer expansion samples (41
[100%] 2+) and all 19 (100%) of the inner expansion
samples (1 [5.2%] 1+, 18 [94.8%] 2+; P = 0.126, 0/1+
vs. 2+). UCP1 was positive in 31 (75.6%) of the 41
outer expansion samples (31 [75.6%] 1+) and all 19
(100%) of the inner expansion samples (14 [73.7%]
1+, 5 [26.3%] 2+; P = 0.003, 0 vs. 1+/2+).

DISCUSSION

The aim of this study was to determine whether
body fat affects the pattern of RCC expansion. Our
starting hypothesis was that visceral/perirenal fat
affects the growth direction of RCC. Our results sup-
port this hypothesis and suggest that perirenal fat has
an important role in RCC growth pattern.

Around 80% of all body fat is located subcuta-
neously, and 20% is located in visceral areas [17].
The area of visceral fat increases with age, and accu-
mulation of visceral fat increases the risk not only of
metabolic diseases [18], but also PCa in men [19].
The V/S ratio is useful for classifying obesity into
subgroups: generally, a V/S ratio of 0.4 or above is
considered as visceral obesity, and a V/S ratio below
0.4 is considered as subcutaneous obesity [20, 21].

Table 2
Univariate and multivariate analyses between characteristics of patients and outer expansion pattern

Univariate analysis Multivariate analysis
Variable OR 95% CI P value OR 95% CI P value

Gender (Male vs. Female) 2.129 1.030–4.400 0.041 1.420 0.601–3.357 0.423
Laterarity (Right vs. Left) 0.899 0.473–1.709 0.746
Historogy (clear vs. non-clear) 0.809 0.314–2.084 0.661
pTstage (pT1b vs. pT1a) 5.736 2.351–13.995 0.0001 6.033 2.409–15.108 0.0001
BMI (>23.5 vs.<23.5) 1.146 0.601–2.184 0.677
Body fat percentage (>32.8 vs.<32.8) 1.400 0.736–2.675 0.304
Subcutaneous fat percentage (>16 vs.<16) 0.819 0.430–1.556 0.542
Visceral fat percentage (>33 vs.<33) 1.400 0.735–2.663 0.305
V/S ratio (>1.0 vs.<1.0) 1.738 0.910–3.321 0.093
PF percentage (>1.0 vs.<1.0) 2.713 1.399–5.258 0.003 2.596 1.205–5.591 0.014
Hypertension (positive vs. negative) 0.747 0.703–2.543 0.375
Diabetes mellitus (positive vs. negative) 0.402 0.138–1.171 0.094
Hyperlipidemia (positive vs. negative) 0.493 0.224–1.086 0.079

Clear: clear cell RCC, non-clear: papillary RCC and chromophobe RCC. pT stage: pathological T stage, T1a: <4 cm, T1b: 4–7 cm. V/S ratio:
Visceral fat/Subcutaneus fat ratio. PF percentage: Perirenal fat/abdominal volume.
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Fig. 2. Immunohistochemistry of adiponectin (A), COX-2 (B), leptin (C), and UCP1 (D) in perirenal fat (original magnification: 200×).

Table 3
Expression of leptin, adiponectin, COX-2 and UCP-1 in perirenal fat

Expression levels P value
n Negative Positive 0 vs 1+/2+ 0/1+ vs 2+

0 1+ 2+

Leptin
Outer expansion 41 38 (92.6%) 3 (7.4%) 0 (0%) 0.681 NA
Inner expansion 19 17 (89.5%) 2 (10.5%) 0 (0%)

Adiponectin
Outer expansion 41 0 (0%) 3 (7.3%) 38 (92.7%) NA 0.762
Inner expansion 19 0 (0%) 1 (5.2%) 18 (94.8%)

COX-2
Outer expansion 41 0 (0%) 0 (0%) 41 (100%) NA 0.126
Inner expansion 19 0 (0%) 1 (5.2%) 18 (94.8%)

UCP-1
Outer expansion 41 10 (24.4%) 31 (75.6%) 0 (0%) 0.003 0.287
Inner expansion 19 0 (0%) 14 (73.7%) 5 (26.3%)

Table 2 shows that pT stage and PF percentage
were also independent factors for tumor location.
When the tumor becomes larger, it is difficult for it to
remain in the kidney, and therefore, it is reasonable
that pT stage is a risk factor. Even in pT1a tumors less
than 4 cm, PF percentage was correlated with growth
pattern (Table S2). Together, these results suggest that
perirenal fat can affect the growth direction of renal
tumors even if pT stage is the important factor.

Conversely, we hypothesized that the growth pat-
tern alters the thickness/amount of fat tissue. The
visceral fat and PF percentages showed a positive cor-
relation (R = 0.46, P < 0.0001; data not shown) but
tumor size (e.g., pT1a vs. pT1b) and the visceral
fat/PF percentages showed no significant correlation
(data not shown). This means that when a tumor
becomes larger, and as a result, more exophytic, it
did not accumulate adipose tissue.
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Recent studies showed that accumulation of perire-
nal adipose tissue is related to clinical outcome.
Perirenal fat thickness is a predictor of clear cell
RCC pathology [22] and is a risk factor of poor
progression-free survival [23]. Thickness and strand-
ing are also associated with RCC aggressiveness [15].
In an in vitro study, conditioned medium derived from
perineoplasm perirenal fat of clear cell RCC pro-
moted ACHN and Caki-2 cell migration via WNT
signaling [24]. These studies indicate that PF may
have an important role in RCC growth.

In this study, a 50% or more exophytic mass
was defined as ‘outer expansion’ followed by the
RENAL nephrectomy score, a classification system
based on RCC anatomy [25]. Exophytic properties
are an important nephrectomy score, and if the tumor
location is more endophytic it scores more points.
Tumor location is a predictive factor of malignancy
and Fuhrman nuclear grade [26, 27], and high total
RENAL nephrectomy score contributes to pathologi-
cal malignancy [28] and upstaging [29]. Furthermore,
tumor location is also important for renal func-
tion outcomes after partial nephrectomy. The contact
surface area (CSA) of the RCC–renal parenchyma
correlates with tumor protrusion, and the CSA can
be a useful predictive marker of postoperative renal
function [30]. We also investigated the relationship
between fat distribution and Fuhrman nuclear grade
but did not find a significant difference (data not
shown). Furman nuclear grade correlates with tumor
stage [31] and size [27], but in this study we investi-
gated mainly T1a and few T1b, thus this may be the
reason why there was no statistical difference.

Anatomically, kidney cancer can grow into the
renal parenchyma or into the perirenal fat. The pres-
sure inside the perirenal fat may be lower than that
inside the renal parenchyma; therefore, it may be
easier for tumors to grow outside the kidney. This
easier growth may also influence the RCC shape and
give rise to asymmetrical and/or non-cubic tumors.
However, most masses are symmetrical and cubic
[25], and it has been reported that RCCs with regular
shapes localize to the outside of the kidney and grow
more slowly [2]. These studies suggest that the pres-
sure around the RCC may not have a large influence
on the direction of growth. We found that perirenal
fat may stimulate the RCC to grow into the perire-
nal fat. Adipose tissue is recognized as an endocrine
organ and secretes not only adipocytokines, but also
biologically effective molecules such as vascular
endothelial growth factor, interleukin 6 (IL 6), and
TNF� [6]. IL6 and TNF� can induce inflammation

and tumorigenesis [32, 33]. However, whether perire-
nal adipose tissue secretes these molecules was not
revealed in this study. Therefore, how the perirenal
fat induces the progression and/or carcinogenesis of
RCC is unclear and further studies are required to
explore the precise molecular mechanisms involved.

Correlations between adipocytokines, such as lep-
tin and adiponectin, and the clinical characteristics
of RCC have been studied. Serum leptin concentra-
tion is associated with RCC progression and invasion
[34]. In contrast, serum adiponectin is inversely
associated with the incidence of RCC [35], and
reduced serum adiponectin levels are correlated with
increased tumor size and metastasis [36]. Serum lep-
tin concentration is directly associated with BMI,
while adiponectin levels are inversely associated
with BMI [10]. Leptin interacts with its receptor
(ObR) and activates many signals, including VEGF
via hypoxia-inducible factor-1� (HIF-1�) and NF-
κB [37], and the Janus kinase/signal transducer and
activator of transcription 3 (JAK/STAT3) [38]. In
contrast, adiponectin deficiency suppresses AMPK
activation and, as a result, increases angiogenesis
in RCC cell lines [39]. These results suggest that
adipocytokines have important roles in RCC and may
be useful therapeutic targets.

We immunohistochemically stained leptin,
adiponectin, COX-2, and UCP1 in perirenal fat.
The expression patterns of leptin and adiponectin
did not correlate with the growth pattern (Table 3),
in contrast with the results of previous studies
of serum levels. In most of our cases, leptin was
negative (55 of 60 cases) and adiponectin was
positive (60 of 60 cases), and there were few cases
in which the expression of both adipocytokines was
detected. More sensitive modalities will be required
in future to quantify these adipocytokines. We also
examined COX-2 because obesity can cause adipose
tissue overgrowth and inflammation associated with
tumorigenesis [40], and COX-2 is expressed at sites
of inflammation [41]. However, COX-2 expression
also did not correlate with growth pattern in our
study. UCP1 is a marker of BAT mitochondria
[8] but the relationship between BAT and cancer
has not yet been reported. We found that UCP1
expression was associated with inner-type growth,
suggesting that BAT prevents outwards RCC growth.
TNF�, which is also secreted by adipose tissue,
inhibits UCP1 expression via extracellular-regulated
kinases (ERKs) [6], and inflammation also inhibits
UCP1 in mice [42]. These results suggest that low
expression of UCP1 may reflect the inflammation
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around the kidney. Furthermore, PTEN, a tumor
suppressor gene, affects metabolism and regulates
UCP1 transcription [43], therefore UCP1 also
reflect the expression of PTEN, and, as a result,
may suppress RCC protrusion. Furthermore, in this
study UCP1 expression was inversely correlated
with PF percentage (data not shown). Accumulation
of adipose tissue in the body decreases BAT [44],
compatible with our data. Amassing fat around the
kidney may decrease BAT and the tumor may grow
outwardly as a result. Further studies are needed to
clarify how UCP1 may influence RCC expansion.

We propose that adipose tissue stimulates renal
cancer in two ways: (i) adipocytokines that are gener-
ated in visceral and/or perirenal fat reach the kidney
through the blood stream; or (ii), adipocytokines
directly activate RCC through paracrine mechanisms.
In this study, we showed that RCCs in patients with
thick perirenal fat tend to grow outwardly, such that
the RCCs protrude into areas that are rich in adipocy-
tokines and/or inflammatory cytokines. This suggests
that paracrine mechanisms are more important for
RCC growth direction.

In this study, we also investigated the relationship
between radiographic/immunohistochemical find-
ings and tumor location. We clearly showed that
perirenal fat affected the growth direction of renal
tumors, but whether the thickness of perirenal fat
can affect clinical outcome is inconclusive. Further-
more, the sample size was relatively small, and future
studies are required to investigate the precise role of
adipocytes in renal tumor promotion.

In conclusion, an increased perirenal fat percent-
age may predict RCC protrusion. Adipose tissue,
especially BAT, may have some influence on RCC
extension. Further studies are needed to investigate
the mechanisms involved.
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