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Abstract

Introduction: Visceral adiposity has been inconsistently associated
with clinicopathologic features and outcomes of clear cell renal
cell carcinoma (ccRCC); however, most studies were conducted in
non-Western populations. We evaluated the associations between
visceral and subcutaneous adiposity and clinicopathological char-
acteristics of non-metastatic ccRCC patients in a Western popula-
tion.

Methods: The medical records of 220 surgically treated ccRCC
patients with documented preoperative body mass index (BMI) and
computed tomography (CT) scans were retrospectively reviewed.
Nineteen patients with stage IV disease were excluded. Visceral
(VFA) and subcutaneous fat area (SFA) were computed from pre-
operative CT scans. Correlations between obesity measures were
assessed with Pearson correlation. Associations between obesity
measures and pathologic features were evaluated using logistic
regression models adjusted for sex. Overall survival (OS) prob-
abilities were estimated using Cox regression analysis. The log-rank
test was used for group comparisons.

Results: The study cohort comprised 150 men and 51 women.
Women had higher SFA (p = 0.01) but lower VFA (p < 0.001) than
men. BMI was highly correlated with SFA (r = 0.804) and moder-
ately correlated with VFA (r = 0.542). SFA and VFA were weakly
correlated (r = 0.367). An increased BMI was associated with a
better OS (p = 0.028). When adjusting for sex, neither SFA nor
VFA was significantly associated with tumour grade, stage, or OS.
Conclusions: Consistent with prior reports, our study suggests that
increased BMI is associated with a better OS for patient with non-
metastatic ccRCC. Despite the high correlation between SFA and
BMI, neither SFA nor VFA were significantly associated with tumour
stage, grade, or OS in the current study; however, further studies
in larger cohorts are required to validate this finding.

Introduction

Obesity, as measured by body mass index (BMI), is an
established risk factor for renal cell carcinoma (RCC)."?
Paradoxically, higher BMI appears to be associated with
better prognosis among RCC patients.>* As BMI is an indi-
rect measure of adiposity that does not distinguish between
adipose tissue and lean mass,® other metrics of body size
should be considered in relation to RCC prognosis.

Visceral adipose tissue has multiple endocrine, meta-
bolic, and immunological functions and is associated with
metabolic syndrome and tumorigenesis. Possible mecha-
nisms for the promotion of tumour development include
alterations in adipokine production, insulin and insulin-like
growth factor pathways, cancer cell signaling and inflam-
matory pathways.® Visceral fat has been identified as an
independent risk factor and a predictor of outcome in sev-
eral cancers, including breast, esophageal, colorectal and
pancreatic cancers.”"

Altered metabolism has a central role in RCC patho-
genesis, possibly explaining the link between obesity and
RCC.*'> While the reported effects of BMI on RCC have been
uniform, reports concerning the effect of visceral adiposity
on the pathological and clinical outcomes of RCC are incon-
sistent.’>'7 Moreover, most previous studies evaluating the
predictive value of visceral fat in non-metastatic RCC were
conducted among Asian populations, which have relatively
lower BMIs than Western populations, and may display a
different relationship between BMI and body fat.'®'°

The aim of the current study was to evaluate whether
visceral fat area (VFA) and subcutaneous fat area (SFA) were
related to tumour characteristics and treatment outcomes in
a group of surgically treated, non-metastatic, clear cell RCC
(ccRCC) patients from the United States.
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Table 1. Patient characteristics of 201 ccRCC patients, stratified by sex

Total (n =201)
Median age (range) 59.0 (34.0-86.0)

Race, n (%)

White 182 (90.5)

Other 19 (9.5)
Hypertension, n (%)

Yes 117 (58.2)

No 84 (41.8)
Hypercholesterolemia, n (%)

Yes 69 (34.3)

No 132 (65.7)
Diabetes, n (%)

Yes 26 (12.9)

No 175 (87.1)

Male (n = 150; 75%) Female (n = 51; 25%) p value*

60.0 (34.0-86.0) 58.0 (37.0-79.0) 0.662
0.010

141 (94.0) 41 (80.4)

9 (6.0) 10 (19.6)
0.512

85 (56.7) 32 (62.7)

65 (43.3) 19 (37.3)
1.000

52 (34.7) 17 (33.3)

98 (65.3) 34 (66.7)
1.000

20 (13.3) 6(11.8)

130 (86.7) 45 (88.2)

*p value from Fisher's exact test when categorical, and Wilcoxon test when continuous; ccRCC: clear cell renal cell carcinoma.

Methods

After obtaining Institutional Review Board approval, we ret-
rospectively reviewed the medical records of 220 ccRCC
patients, who were surgically treated between 2001 and
2011 at a single institute, and had both a pre-surgical BMI
value and CT scan available for review. Nineteen patients
with American Joint Committee on Cancer (AJCC) stage IV
disease?® were excluded from the study, as their weight at
diagnosis could have been affected by their disease.
Patient and disease characteristics were recorded. All
tumours were identified as ccRCCs and graded according
to the Fuhrman grading system.?' For data analysis, tumour
grade was dichotomized as grade Il (low grade) or grades IlI
and IV (high grade). Tumours were measured for their maxi-
mal diameter and staged according to the 2002 AJCC TNM
classification.?® Due to the low number of pathological T2
disease (n = 17), we combined the pT1 and pT2 stages and
compared them to the pT3 stage in the data analyses.
Presurgical BMI was calculated as patient’s weight in kilo-
grams divided by their height in meters squared, and cat-
egorized into normal weight (BMI <25 kg/m?), overweight

(25 kg/m? = BMI <30 kg/m?), and obese (BMI =30 kg/m?)
according to the World Health Organization classification.?
VFA, SFA and total fat area (TFA) measurements were derived
from presurgical CT scans at the level of the umbilicus with
the patient in the supine position using the ImageJ software,
as previously described (Fig. 1).2* In separate measure-
ment sessions, the subcutaneous and intra-abdominal adi-
pose areas were manually outlined and measured on the
basis of predefined Hounsfield unit thresholds (-190 to -30).
Measurements of the adipose area were performed by 2
radiologists blinded to the clinical and pathological data.
The percentage of visceral fat (VFA%) was calculated using
the formula VFA% = (VFA/TFA) x 100.

Patient characteristics, disease variables and obesity
measures were reported using descriptive statistics, and
compared between the genders using Fisher’s exact test for
categorical measures and Wilcoxon rank sum test for contin-
uous variables. Median, minimal and maximal values were
calculated for continuous variables; categorical values were
described as number and percentage. Inter-reader agree-
ment analysis was performed using the intra-class correlation
coefficient. Pearson correlation coefficients were calculated

Fig. 1. Measurement of visceral fat area (VFA) and subcutaneous fat area (SFA) using the ImagedJ software. (A) A computed tomography scan at the level of the
umbilicus; (B) A total fat area is highlighted on the ImagedJ software using predefined Hounsfield units (-30 to -190); (C) VFA is manually outlined and measured. (D)

Similarly, SFA is manually outlined and measured.
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Table 2. Disease characteristics of 201 ccRCC patients, stratified by sex

Total (n = 201) Male (n = 150; 75%) Female (n = 51; 25%) p value*
Presentation, n (%) 0.552
Incidental 161 (80.1) 121 (80.7) 40 (78.4)
Local 36 (17.9) 25 (16.7) 11 (21.6)
Systemic 4(2.0) 4(2.7) 0 (0.0)
Laterality, n (%) 0.198
Left 102 (50.7) 72 (48.0) 30 (58.8)
Right 99 (49.3) 78 (52.0) 21 (41.2)
Grade, n (%) <0.001
2 85 (42.3) 50 (33.3) 35 (68.6)
3 102 (50.7) 87 (58.0) 15 (29.4)
4 14 (7.0) 13 (8.7) 1(2.0)
Median tumour size (range) 4.2 (1.0-15.2) 4.5 (1.0-13.1) 3.9 (1.5-15.2) 0.169
T stage, n (%) 0.160
T 103 (51.2) 73 (48.7) 30 (58.8)
T2 17 (8.5) 11 (7.3) 6(11.8)
T3 81 (40.3) 66 (44.0) 15 (29.4)
N stage, n (%) 1.000
NX 121 (60.2) 90 (60.0) 31 (60.8)
NO 78 (38.8) 58 (38.7) 20 (39.2)
N1 2 (1.0) 2 (1.3) 0 (0.0)
AJCC stage, n (%) 0.130
| 102 (50.7) 72 (48.0) 30 (58.8)
1l 17 (8.5) 11(7.3) 6(11.8)
I 82 (40.8) 67 (44.7) 15 (29.4)

*p value from Fisher’s exact test when categorical, and Wilcoxon test when continuous; ccRCC: clear cell renal cell carcinoma; AJCC: American Joint Committee on Cancer.
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Fig. 2. Scatterplot matrix of the different obesity measures (lower

panels) and their associated Pearson correlation values (upper panels).

among the different obesity measures and a scatterplot
matrix was plotted. To examine the associations between
obesity measures and the presence of medical comorbidities,
advanced tumour stage (T3) and high-grade disease (l1l/1V),
we used fitted logistic regression models adjusting for sex.

Overall survival (OS) time was calculated from date of
surgery to date of death or last contact. Patients still alive or
lost to follow-up were censored at the last follow-up date.
Associations with OS were assessed using Cox regression,
adjusted for sex, and the log-rank test. All statistical analy-
ses were two-sided. Statistical significance was defined as
p < 0.05. Statistical analyses were conducted using SAS
v.9.2 (SAS Institute, Cary, NC) and R version 2.13.1 (R Core
Development Team, Vienna, Austria), including the “sur-
vival” package.

Results

The analytic cohort included 150 male and 51 female
patients with a median age of 59 (interquartile range [IQR]:
51-68) years. Women were more likely to be non-white
(20% vs. 6%; p = 0.010) as compared to men (Table 1).
Disease characteristics stratified by sex are summarized in
Table 2. Tumour grade was Il in 85 patients (42%) and IlI/IV
in 116 patients (58%). The median tumour size was 4.2 cm
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Table 3. Obesity measurements of 201 ccRCC patients, stratified by sex

Total (n = 201) Male (n = 150; 75%) Female (n = 51; 25%) p value*
BMI category, n (%) 0.083
<25 34 (16.9) 20 (13.3) 14 (27.5)
25-<30 68 (33.8) 53 (35.3) 15 (29.4)
=30 99 (49.3) 77 (51.3) 22 (43.1)
Median TFA (range) 48423 (11697-109671) 48202 (11697-104010) 49888 (13433-109671) 0.807
Median SFA (range) 27913 (7377-79789) 26418 (7377-79789) 32765 (10685-78819) 0.010
Median VFA (range) 19009 (2748-42375) 21862 (3075-42375) 15649 (2748-35898) <0.001
Median VFA% (range) 39.2 (14.9-98.6) 41.9 (21.0-68.9) 27.7 (14.9-98.6) <0.001

*p value from Fisher's exact test when categorical, and Wilcoxon test when continuous; ccRCC: clear cell renal cell carcinoma; BMI: body mass index; TFA: total fat area; SFA: subcutaneous fat

area; VFA: visceral fat area.

(IQR: 3.2-7). Pathological T-stage was T1/T2 in 120 patients
(60%) and T3 in 81 patients (40%). Women were more
likely to have grade Il disease (69% vs. 33%; p < 0.001) as
compared to men.

The inter-reader agreement analysis for the 2 radiologists
showed a high level of agreement for all obesity measures
performed on the CT scans. The intra-class correlation coeffi-
cient was 0.994 (95% confidence interval [CI] 0.992-0.995)
for TFA, 0.995 (95% Cl 0.994-0.997) for SFA, and 0.937
(95% C1 0.918-0.951) for VFA. As a result of the high levels
of agreement, the 2 measurements were averaged for all
remaining analyses. The median BMI, VFA and SFA were
29.9 kg/m? (IQR: 26-33.8), 19 009 mm? (IQR: 14 248-
24 940) and 27 913 mm?(IQR: 20 518-37 459), respectively
(Table 3). Women had higher SFA (p = 0.010) but lower
VFA (p < 0.001) as compared to men, but did not differ with
regard to BMI or TFA.

BMI was highly correlated with SFA (r = 0.804), and mod-
erately correlated with VFA (r = 0.542). SFA and VFA were
weakly correlated (r = 0.367) (Fig. 2). The lowest correlation
was seen between BMI and VFA% (r = -0.156). Correlations
were also calculated separately by sex, with similar patterns
seen for both men and women.

The association between the obesity measures and medi-
cal comorbidities are summarized in Table 4. Hypertension
was significantly associated with higher BMI, TFA, VFA,
and SFA. Diabetes was significantly associated with higher
TFA and VFA.

Table 5 summarizes the obesity measures by tumor stage
and grade. The odds of having advanced stage or high-grade

disease did not differ significantly with regard to TFA, SFA,
VFA, or VFA% after adjusting for sex (all p > 0.05). Median
follow-up time among survivors was 4 years (range: 0.04—
9). During follow-up, 26 patients died from various causes.
Consistent with prior reports, an increased BMI was associ-
ated with a better OS on univariable analysis (p = 0.028).
However, we found no statistically significant associations
between TFA, SFA, VFA, or VFA% and OS after adjusting for
sex (Table 5). Nevertheless, while not statistically significant,
there was a trend toward an association between higher SFA
and longer OS (HR 0.72, 95% CI 0.50-1.05; p = 0.091), sug-
gesting that SFA may show a similar paradoxical relationship
with survival as BMI.

Discussion

The current study examined the associations between differ-
ent measures of body size in relation to clinicopathological
variables among a group of non-metastatic ccRCC patients
in the United States. While SFA and BMI were highly cor-
related, SFA and VFA were poorly correlated and differed
by sex, suggesting these obesity measures represent different
aspects of body size. No statistically significant associations
were observed between SFA or VFA and grade, stage or OS.
However, there was a trend toward an association between
SFA and OS, similar to the pattern seen with BMI in this and
other studies.

Body fat tissue is traditionally distributed in two main
compartments, subcutaneous and visceral adipose tissue,
each of which has unique cellular, physiological, clini-

Table 4. Associations between obesity measures and medical comorbidities

Hypertension Hypercholesterolemia Diabetes
OR (95% CI)* p Value** OR (95% CI)* p Value** OR (95% CI)* p value**
BMI (per 10) 2.13 (1.26-3.59) 0.005 1.18 (0.73-1.91) 0.501 1.46 (0.76-2.81) 0.254
TFA (per 10,000) 1.38 (1.16-1.63) <0.001 0.98 (0.84-1.15) 0.831 1.29 (1.05-1.59) 0.017
SFA (per 10,000) 1.42 (1.13-1.79) 0.003 1.00 (0.81-1.23) 0.979 1.29 (0.99-1.69) 0.060
VFA (per 10,000) 2.12 (1.42-3.16) <0.001 0.89 (0.62-1.29) 0.554 1.91 (1.12-3.27) 0.018
VFA% (per 10%) 1.16 (0.88-1.51) 0.290 0.91 (0.69-1.19) 0.493 1.12 (0.78-1.60) 0.533

*Adjusted for sex; **p value from logistic regression; BMI: body mass index; TFA: total fat area; SFA: subcutaneous fat area; VFA: visceral fat area; OR: odds ratio; Cl: confidence interval.
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Table 5. Associations between obesity measures and stage, grade and overall survival
Advanced stage (T3) High grade (3/4)

Overall survival

OR (95% CI)* p Value** OR (95% CI)* p Value** HR (95% CI)* p valuet
TFA (per 10 000) 0.97 (0.84-1.13) 0.734 0.91 (0.78-1.06) 0.218 0.83 (0.65-1.05) 0.116
SFA (per 10 000) 0.98 (0.80-1.20) 0.825 0.90 (0.73-1.11) 0.318 0.72 (0.50-1.05) 0.091
VFA (per 10 000) 0.97 (0.68-1.39) 0.868 0.84 (0.57-1.22) 0.349 0.82 (0.49-1.36) 0.446
VFA% (per 10%) 1.05 (0.81-1.37) 0.687 1.05 (0.80-1.37) 0.732 1.13 (0.80-1.59) 0.503

*Adjusted for sex; **p value from logistic regression; tp value from Cox regression; BMI: body mass index; TFA: total fat area; SFA: subcutaneous fat area; VFA: visceral fat area; OR: odds ratio;

Cl: confidence interval.

cal and prognostic characteristics.?>?¢ Visceral fat, but not
subcutaneous fat, was associated with an increased risk for
cardiovascular disease, cancer and all-cause mortality in
men.>*?” Due to its excellent resolution for adipose tissue,
CT enables quantitative assessment of visceral and subcuta-
neous fat.? VFA, as measured at the level of the umbilicus,
is highly correlated with the total visceral fat volume, and
can be used to evaluate visceral fat accumulation.”
Previous reports reveal stronger correlations for BMI with
TFA and SFA than with VFA when controlling for age and
race. Furthermore, regardless of BMI, women appear to
have higher levels of SFA and fat mass than men.8101017.28
Similarly, in the current study the correlation between BMI
and VFA (r = 0.542) was relatively weak when compared to
that of BMI and SFA (r = 0.804) and BMI and TFA (r = 0.846).
In addition, women had higher SFA but lower VFA than
men, but did not differ from men with regard to BMI or TFA.
The amount of visceral fat differed significantly according
to ethnic origin, which brings into question the ability to
generalize the findings of previous reports performed on
specific study populations.’®' In the current study, 90% of
participants were white, so comparisons by race could not
be made and results are not generalizable to non-whites.
Different obesity measures have been associated with
clinical and pathological outcomes of RCC. In a recent meta-
analysis, higher BMI was inversely associated with mortality
(HR 0.57; 95% Cl 0.43-0.76 when comparing the highest
and the lowest BMI).>'® Visceral adiposity has been incon-
sistently associated with clinicopathological characteristics
of RCC. Naya and colleagues reviewed 117 male patients
treated with nephrectomy for ccRCC. They found that higher
VFA was significantly associated with lower stage disease,
fewer events of microvascular invasion, and a higher cumu-
lative cancer-specific survival.’* Similarly, Steffens and col-
leagues noted that a higher than median VFA was associated
with lower tumour stage, whereas patients with low VFA
suffered more frequently from advanced disease at diag-
nosis.’® More recently, Zhu and colleagues evaluated the
association between visceral obesity and Furhman grade in
patients with clinical TTa RCC. Unlike previous reports, they
demonstrated that high VFA% was associated with a higher
grade of RCC."” Two previous studies evaluated the predic-

tive value of visceral adiposity in metastatic RCC patients
treated with anti-angiogenic therapy, reporting contradicting
results. While one study showed that higher than median
VFA values were significantly associated with a shorter
progression-free survival and OS, the other demonstrated
an opposite correlation.'' Finally, greater perirenal fat dis-
tance, a proxy of visceral fat, was a significant predictor of
ccRCC histopathology in clinical T1a tumours.?’

In the current study, while different obesity measures were
significantly associated with hypertension and diabetes, we
did not find statistically significant associations between SFA,
VFA or VFA% and grade, stage or OS. However, while not
statistically significant, there was a trend toward an associa-
tion between SFA and OS similar to that seen with BMI. The
strong correlation between SFA and BMI, which has been
associated with a better prognosis in the current as well as
previous studies, suggested that both are similar metrics that
may favourably influence survival in RCC patients. Therefore
the use of BMI, a parameter which is easier to obtain, may
be sufficient when assessing treatment outcome in this group
of patients. The difference between our findings and those
of previous reports may be partially related to the different
study population, which had substantially higher obesity
values than previously studied cohorts.

The study limitations include its retrospective nature with
the inherent possibility of selection bias. It is also possible
that our ability to detect small affect sizes was limited due
to the sample size in this study. Due to the small number
of deaths in our cohort, we were unable to perform a mul-
tivariable analysis to evaluate whether BMI and SFA are
independent predictors of clinicopathological outcomes in
RCC. In addition, we could not evaluate the significance
of visceral adiposity in predicting outcome of patients with
metastatic disease and non clear cell RCC histologies, as
these were excluded from our study. While our study may
suggest previous findings regarding the associations between
visceral adiposity and RCC may not be generalizable to
Western populations, future studies with larger sample sizes
and multiple histological subtypes are needed to clarify the
role of body size in predicting tumour histology, character-
istics and prognosis in this population.
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Although the current study showed that BMI was associated
with OS, neither SFA nor VFA were significantly associ-
ated with tumour stage, grade or OS in a non-metastatic
ccRCC cohort from the United States. While the use of BMI,
a more easily obtained measure, may be sufficient when
evaluating patient outcomes, further studies in larger cohorts
are required to clarify the role of SFA and VFA in Western
populations.
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