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Abstract

Objectives—Obesity, typically defined as a body mass index (BMI) = 30 kg/m2, is an
established risk factor for renal cell carcinoma (RCC) but is paradoxically linked to less advanced
disease at diagnosis and improved outcomes. However, BMI has inherent flaws, and alternate
obesity-defining metrics that emphasize abdominal fat are available. We investigated three obesity-
defining metrics, to better examine the associations of abdominal fat versus generalized obesity
with renal tumor stage, grade, or R.E.N.A.L. nephrometry score.

Methods and Materials—In a prospective cohort of 99 subjects with renal masses undergoing
resection and no evidence of metastatic disease, obesity was assessed using three metrics: body
mass index (BMI), radiographic waist circumference (WC), and retro-renal fat (RRF) pad
distance. R.E.N.A.L. nephrometry scores were calculated based on preoperative CT or MRI.
Univariate and multivariate analyses were performed to identify associations between obesity
metrics and nephrometry score, tumor grade, and tumor stage.

Results—In the 99 subjects, surgery was partial nephrectomy in 51and radical nephrectomy in
48. Pathology showed benign masses in 11 and RCC in 88 (of which 20 had stage T3 disease).
WC was positively correlated with nephrometry score, even after controlling for age, sex, race,
and diabetes status (p = 0.02); whereas BMI and RRF were not (p = 0.13, and p = 0.57,
respectively). WC in stage T2/T3 subjects was higher than in subjects with benign masses (p=
0.03). In contrast, subjects with Fuhrman grade 1&2 tumors had higher BMI (p < 0.01) and WC (p
= 0.04) than subjects with grade 3&4 tumors.
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Conclusions—Our data suggest that obesity measured by WC, but not BMI or RRF, is
associated with increased renal mass complexity. Tumor Fuhrman grade exhibited a different
trend, with both high WC and BMI associated with lower grade tumors. Our findings indicate that
WC and BMI are not interchangeable obesity metrics. Further evaluation of RCC-specific
outcomes using WC versus BMI is warranted to better understand the complex relationship
between general versus abdominal obesity and RCC characteristics.
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1. Introduction

Obesity, defined as a body mass index (BMI) score of > 30 kg/m?, is an established risk
factor for renal cell carcinoma (RCC) with multiple studies showing a positive association
between obesity as determined by BMI and increased RCC risk [1, 2]. Clear cell histology is
the most common subtype of RCC and is most strongly associated with obesity [3]. Despite
increasing RCC risk, prior studies have found that obesity as measured by BMI is associated
with better pathologic features [4] and improved survival [5] in RCC patients with organ-
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confined tumors. These findings of increased survival in RCC patients with high BMI has
been called an “obesity paradox” [1].

However, additional evidence suggests that associations between obesity and RCC are
complex and not fully explained by the obesity paradox paradigm. One prior study found
that increased visceral adipose tissue was an independent predictor of higher Fuhrman grade
in T1a RCC [6]. This is notable as abdominal and subcutaneous adipose tissue may
differentially contribute to obesity-related pathologies [7, 8], and abdominal obesity as
measured by waist circumference (WC) has been associated with greater all-cause mortality
in U.S. adults, independent of BMI [9]. Additionally, Gonzales et a/. found that in breast and
other cancer patients, the obesity paradox existed only when BMI was used to define
obesity, but not the more definitive bioelectrical impedance analysis [10].

Given the growing discrepancies reported in biological and outcome data with respect to fat
distribution and obesity characteristics, our goal was to examine potential associations
between various metrics of obesity and indicators of renal tumor histology, stage, and
complexity in one cohort of RCC subjects.

2. Materials and Methods

2.1 Study subjects

Between October 2012 and May 2014, adult patients with no evidence of metastatic disease
undergoing resection of renal masses suspicious for RCC at the University of lowa Hospitals
and Clinics were offered enrollment in an Institutional Review Board-approved study.
Informed consent was obtained for 99 subjects. Exclusion criteria included: active secondary
malignancy, immune modulating medications, and metastatic disease. Demographic
information, including age, race, BMI, and clinical data, including final pathology, were
obtained from the electronic health record.

2.2 Evaluation of obesity

BMI was calculated from subject height/weight information as documented in patient
medical records. As per World Health Organization guidelines, BMI = 30 kg/m? was used as
the principal metric to define obesity. Subjects’ preoperative computed tomography (CT)
and / or MRI scans were reviewed to determine two metrics of abdominal fat accumulation:
retro-renal fat (RRF) pad distance (i.e. distance from the posterior aspect of the kidney to the
posterior abdominal wall), and waist circumference (WC), which encompasses
subcutaneous, visceral, and RRF depots. RRF pad distance was measured on the contra-
lateral kidney at the level of the renal vein, as described [11]. Radiographic WC was utilized
to measure WC at 1 cm above the umbilicus [12].

2.3 Evaluation of renal mass complexity

Preoperative imaging was available for 97 of 99 patients. R.E.N.A.L. nephrometry scores
were calculated for each subject. R.E.N.A.L. nephrometry scoring includes tumor radius,
exophytic versus endophytic characteristics, nearness to the collecting system, anterior/
posterior location, and location to polar lines [13]. Maximum mass diameter was obtained
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from imaging (L.B.). Masses were categorized as hilar or non-hilar, as this has been shown
to correlate with tumor grade [14]. Subjects who had undergone a previous radical or partial
nephrectomy or those with polycystic kidney disease were excluded, given the effect their
distorted anatomy might play in calculating both nephrometry score and RRF. A single
investigator performed all RRF, WC, and nephrometry score calculations (L.B.) with
randomly selected subjects” measurements confirmed by a separate investigator (K.N.). Prior
studies showed high inter-observer correlation and reproducibility when utilizing
nephrometry scores [15].

2.3 Statistical analyses

3. Results

Patients’ demographics and clinical characteristics were summarized as mean + standard
deviation (SD) for continuous variables and frequency (proportion) for categorical variables.
The group comparison was conducted using a two-sample t test for continuous variables and
Chi-square test or Fisher’s exact test for categorical variables. The obesity metrics among
Fuhrman grade or tumor stage were evaluated using analysis of variance (ANOVA) and two-
sample t test for group comparisons. Associations between obesity metrics and potential
contributing factors were evaluated with univariate analyses. BMI and RRF were log-
transformed to meet the normality assumption for hypothesis testing. The associations
between R.E.N.A.L. score and obesity metrics were evaluated with univariate analyses, and
multivariate analyses controlling for age, sex, race, and diabetes status, using general linear
regression. The raw p values were presented and p <0.05 was considered as statistically
significant. All analyses were conducted using SAS 9.4 (Cary, NC).

3.1 Study subject characteristics

Tables 1 and 2 summarize the clinical characteristics of all consented study subjects (n =
99). The mean BMI of our overall cohort was 32.6 kg/m2. The majority of tumors were the
clear cell histologic subtype (76.8%), and 12.1% were either papillary or chromophobe
RCC. Another 11.1% of renal masses were benign. For obese versus non-obese subjects, age
and biological sex were comparable. Tumor sizes were comparable in both cohorts (mean
imaging mass diameter = 4.6 cm in non-obese and 5.2 cm in obese cohort; mean
pathological mass diameter = 4.9 cm in non-obese and 5.2 cm in obese cohort) (p values =
0.57 and 0.94, respectively). Radical nephrectomy was performed in 31/56 (56.4%) of obese
and 17/43 (39.5%) of non-obese subjects (p value = 0.16).

We performed univariate analyses to examine potential associations between each obesity
metric and age, sex, race, or diabetes status. No significant associations existed between
BMI or WC with any these factors (Table 3). In contrast, higher RRF was significantly
associated with increased age and male sex (both, p < 0.01); for every 1 year increase in age,
the RRF distance increased 0.35 mm, and the mean RRF was 7.4 mm higher in males than
females.
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3.2 Univariate analyses of individual obesity metrics with R.E.N.A.L. score, Fuhrman grade
and tumor stage

Univariate analyses were used to examine potential associations between BMI, WC, and
RRF, and R.E.N.A.L. nephrometry score. As shown in Table 4, nephrometry scores were
positively associated with WC (p = 0.02), but not BMI (p = 0.13) or RRF (p = 0.57).
Univariate analyses were also performed on potential contributing factors including age, sex,
race, and diabetes status. Only biological sex was significantly associated with R.E.N.A.L.
score (p = 0.02); males showed an average R.E.N.A.L score of 1.11 units > females.

ANOVA was performed to compare BMI, WC, and RRF relative to renal tumor Fuhrman
grade and stage (Figure 1). BMI was significantly different for benign versus Grade 1&2
tumors, and Grade 1&2 versus Grade 3&4 tumors (mean benign = 28.0 = 5.0, grade 1&2, =
36.9 + 10.5, or grade 3&4 = 29.8 + 6.7). WC showed similar trends, with grade 1&2 tumors
having the highest mean (mean benign = 100.7 cm + 13.6, grade 1&2 = 119.8 cm + 22.2,
and grade 3&4 = 110.6 cm £ 18.5). No significant differences were observed when tumor
grade was evaluated relative to RRF (p = 0.20) (Figure 1). For tumor T pathologic stage, no
significant associations were found between BMI or RRF and tumor T stage (BMI, p = 0.21;
or RRF, p = 0.81) (Figure 1). However, WC was higher in subjects with T2/3 versus benign
tumors (p = 0.03).

3.4 Multivariate analysis of WC and R.E.N.A.L. score

To more definitively evaluate associations between obesity as measured by WC and
R.E.N.A.L. nephrometry score, multivariate analysis was performed to consider potential
confounding effects of age, biological sex, race, and diabetes status. After controlling for all
of these factors, higher WC remained significantly associated with increased R.E.N.A.L.
nephrometry score (p = 0.02), such that for every 1 cm increase in WC the R.E.N.A.L. score
increased 0.03 units (Table 5). Males had higher R.E.N.A.L. scores than females (average of
1.1 units higher) when WC, age, rage, and diabetes status were controlled.

4. Discussion

We examined associations between multiple obesity metrics and renal tumor characteristics,
to determine if evaluation of abdominal obesity via WC measurement would reveal
associations not indicated when BMI was used to define obesity. R.E.N.A.L. nephrometry
scoring was used, as higher R.E.N.A.L. scores have been linked to post-surgical
complications, tumor recurrence, and decreased survival [16—-19]. Our study identified a
significant positive association between WC and R.E.N.A.L. nephrometry score, and
subjects with stage T2/T3 tumors had higher WC than subjects with benign renal masses. In
contrast, both high WC and high BMI were seen in individuals with low Fuhrman grade
RCC. Thus, our study highlights the complexity of the relationship between obesity and
RCC, as no unifying trend existed when different obesity metrics or tumor characterization
standards were used.

A few prior reports have examined abdominal obesity, rather than BMI, as a contributor to
RCC. When visceral fat accumulation was examined by CT/MRI, Wang et a/. found a
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positive association with clear cell RCC occurrence [20], and Zhu et a/. determined that
increased visceral adiposity was an independent predictor of higher Fuhrman grade in
localized T1a clear cell RCC [6]. Our report finds that increased abdominal adiposity as
defined by WC, which includes subcutaneous, visceral, and RRF depots, is associated with
greater renal tumor complexity, but, in contrast to Zhu et a/., lower tumor grade. RRF was
not associated with any tumor metric, which suggests that other fat depots are driving the
observed association between WC and R.E.N.A.L. score. Collectively, these findings
suggest that continued evaluation of associations between obesity and RCC are needed, and
obesity metrics other than BMI should be included, as WC may be identifying some element
of renal mass development that is not evident when BMI is used.

Obesity defined by BMI has been associated with improved survival [5] and treatment
outcomes [4] in RCC patients. Hakimi et a/. reported that high BMI was associated with
reduced RCC stage at diagnosis and improved survival on univariate analysis; however, high
BMI had no relationship with cancer-specific mortality after stage and grade were controlled
[21]. Albiges et al. compared survival in over 5,000 subjects with metastatic RCC, and found
that high BMI (BMI > 25 kg/m?, including both overweight and obese subjects) was
associated with increased OS following targeted therapy [22]. These and other findings have
led to the conclusion that an obesity paradox exists for RCC, wherein obesity defined by
high BMI is associated with less advanced disease and better outcomes.

The obesity paradox phenomenon has been refuted by a growing number of publications.
The 2016 Aune et al. meta-analysis of >30 million participants in 230 independent studies
reported that overweight and obesity are indeed associated with increased all-cause mortality
[23]. The authors posited that prior obesity paradox reports had skewed outcome data by
failing to exclude from the lean category prior or current smokers, or individuals with
disease-related weight loss. A 2016 review suggested that the RCC obesity paradox may
also arise from increased incidental diagnoses in individuals with obesity-associated
comorbidities [2]. Additionally, Bagheri et a/. found that BMI-defined obesity was
associated with improved RCC-specific survival, but decreased OS in these same
individuals, suggesting different effects of obesity on outcomes from cancer and other cause
mortality [24]. Given links between R.E.N.A.L. scores and RCC recurrence and worse OS
[16-19], our data suggest that further evaluation of outcome data in larger RCC cohorts may
reveal important new associations between obesity and RCC outcomes if abdominal versus
general obesity are compared.

Our study does have limitations. Key among these is the small sample size (n=99) in our
cohort. Our findings should be confirmed by further evaluation of larger RCC subject
cohorts. Also, the relationship between a complex disease such as cancer and obesity is
unlikely to be straightforward. Other factors that could be examined in future studies include
physical activity, socioeconomic status, and alcohol and tobacco use, the latter two of which
may correlate with lower body weights but would be associated with poorer overall health
status. Of note, our study subjects were overwhelmingly Caucasian due to lowa’s state
demographics. A prior study found stronger associations between obesity and RCC
incidence in Caucasians than African Americans [25]. Additionally, prior studies have
shown links between specific genes, namely estrogen receptor-a (ESR1), opioid receptor
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(OPRML1), and neuromedin B receptor (NMBR), and abdominal adiposity [26, 27].
However, a full genetic investigation of such markers was beyond the scope of this study.
Finally, as our study cohort is relatively new, we focused on data available at surgery and do
not yet have five-year survival data, which will be needed to fully interpret identified
associations and subsequent effects on outcome and prognosis.

5. Conclusions

Our findings highlight the need for continued examination into associations between obesity
and RCC biology and outcomes. Our study illustrates a significant positive association
between WC and R.E.N.A.L. nephrometry score, but an opposing trend for WC or BMI
versus Fuhrman grade. We propose that both WC and BMI should be used in future studies
to gain a deeper understanding of the complex interplay between general and abdominal
obesity in RCC.
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Highlights
. The obesity paradox in RCC is based upon BMI to define obesity
. Abdominal fat is a key contributor to general obesity-related pathologies
. Increasing waist circumference correlated positively with R.E.N.A.L. score
. High BMI was associated with low Fuhrman grade but not R.E.N.A.L. score
. Waist circumference and BMI are not interchangeable obesity metrics in RCC
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each category. Category means showing statistically significant differences are indicated.
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Table 1

Subject demographics and clinical characteristics of subjects with a renal mass

Variables Total Subjects Obese Subjects (BMI = 30kg/m?) | Non-Obese Subjects (BMI < 30kg/m?)
Mean (SD) or proportion Mean (SD) or proportion Mean (SD) or proportion
N=99 N=56 N=43
Age (years) 58.7 (11.5) 57.9(10.1) 59.9 (13.07)
Sex
Male 64 (64.6%) 33 (75.7%) 31 (72.1%)
Female 35 (35.4%) 23 (24.3%) 12 (27.9%)
Race
Caucasian 90 (90.9%) 49 (87.5%) 41 (95.3%)
AA 7 (7.1%) 6 (10.7%) 1 (2.3%)
Other 2 (2.0%) 1 (1.8%) 1(2.3%)
Weight (kg) 99.6 (32.3) 117.2 (32.15) 76.8 (11.6)
Height (m) 1.7 (0.10) 1.7 (0.11) 1.8 (0.10)
BMI (kg/m?) 32.6 (9.2) 38.4 (8.04) 25.0 (2.91)
WwC 96.9 (48.37) 127.0 (18.1) 97.8 (10.3)
RRF 17.2 (12.01) 215 (11.6) 15.0 (11.58)

Abbreviations: SD= standard deviation, BMI= body mass index, AA = African American, WC = waist circumference, RRF = retro-renal fat pad

distance
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Variables

Total Subjects
Mean (SD) or proportion
9

Obese Subjects (BMI = 30kg/m?)
Mean (SD) or proportion

Non-Obese Subjects (BMI < 30kg/m?)

Mean (SD) or proportion

N=9 N= 56 N=43
R.E.N.A.L. Score 8.5 (2.3) 8.6 (2.2) 8.2(25)
Mass size
Radiographic 49(2.8) 5.2(2.7) 45(2.9)
Pathological examination 5.0(2.9) 5.2 (2.6) 4.9 (3.3)
Fuhrman Grade
1 2 (2.0%) 2 (3.6%) 0 (0%)
2 41 (41.4%) 29 (51.8%) 12 (27.9%)
3 28 (28.3%) 12 (21.4%) 16 (37.2%)
4 11 (11.1%) 5 (8.9%) 6 (14.0%)
Not Reported 17 (17.2%) 8 (14.3%) 9 (20.9%)
Stage
Tla 39 (39.4%) 20 (35.7%) 19 (44.2%)
Tib 23 (23.2%) 18 (32.1%) 5 (11.6%)
T2a 3 (3.0%) 2 (3.6%) 1 (2.3%)
T2b 2 (2.0%) 1 (1.8%) 1(2.3%)
T3a 19 (19.2%) 10 (17.9%) 9 (20.9%)
T3b 1 (1.0%) 0 (0%) 1(2.3%)
Not Reported 12 (12.1%) 5 (8.9%) 7 (16.3%)
Pathology
Clear cell 76 (76.8%) 46 (82.1%) 30 (69.8%)
Chromophobe 4 (4.0%) 2 (3.6%) 2 (4.7%)
Papillary 8 (8.1%) 4(7.1%) 4(9.3%)
AML (Benign) 1 (1.0%) 0 (0%) 1(2.3%)
Benign cyst 1(1.0%) 1(1.8%) 0 (0%)
Cystic nephroma (Benign) 1(1.0%) 0 (0%) 1(2.3%)
Mixed Epithelial (Benign) 1(1.0%) 1(1.8%) 0 (0%)
Oncocytoma (Benign) 6 (6.1%) 2 (3.6%) 4 (9.3%)
Not Reported (Benign) 1(1.0%) 0 (0%) 1(2.3%)

Abbreviations: SD= standard deviation, BMI= body mass index, AML = angiomyolipoma
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