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ABSTRACT
Purpose. A better identification of patients who are more
likely to benefit from vascular endothelial growth factor—
targeted therapy is warranted in metastatic renal cell carci-
noma (mRCC). As adipose tissue releases angiogenic factors,
we determined whether parameters such as visceral fat area
(VFA) were associated with outcome in these patients.
Experimental Design. In 113 patients with mRCC who re-
ceived antiangiogenic agents (bevacizumab, sunitinib, or sor-
afenib) (n = 64) or cytokines (n = 49) as first-line treatment,
we used computed tomography to measure VFA and subcu-
taneous fat area (SFA). We evaluated associations linking
body mass index (BMI), SFA, and VFA to time to progres-
sion (TTP) and overall survival (OS).

Results. High SFA and VFA values were significantly
associated with shorter TTP and OS. By multivariate
analysis, high VFA was independently associated with
shorter TTP and OS. These results were internally val-
idated using bootstrap analysis. By contrast, VFA was
not associated with survival in the cytokine group. In
the whole population, interaction between VFA and
treatment group was significant for TTP and OS,
thereby confirming the results.

Conclusion. Our study provides the first evidence that
high VFA could be a predictive biomarker from shorter
survival in patients given first-line antiangiogenic
agents for mRCC. The Oncologist 2011;16:71-81
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INTRODUCTION

Renal cell carcinoma (RCC) is diagnosed in >120,000 pa-
tients in Europe and the United States every year and causes
approximately 60,000 deaths annually. Approximately one
third of patients with initially localized disease relapse dis-
tantly after nephrectomy, whereas 30% of patients present
with metastatic disease at diagnosis [1]. Because RCC is
highly resistant to chemotherapy, immunotherapy such as
interferon « (INF-«) combined or not with interleukin-2
(IL-2) was previously the sole treatment available.

Recent advances in the understanding of the molecular
pathogenesis of clear-cell RCC have highlighted the impor-
tance of the overexpression of growth factors such as vas-
cular endothelial growth factor (VEGF), resulting in tumor
progression and tumor neoangiogenesis [2]. Consequently,
VEGF inhibition has become an attractive therapeutic tar-
get in patients with metastatic RCC (mRCC), and pharma-
cological agents targeting the VEGF, or VEGF receptor
signaling pathway, such as sunitinib, sorafenib, or bevaci-
zumab have revolutionized the treatment of mRCC and
have displaced immunotherapy as first-line standard of care
[3—6]. The introduction of these novel agents targeting the
VEGF pathway makes understanding and identifying new
clinical, biological, and molecular features affecting out-
come an important consideration for clinical trial design
and evaluation of new treatments for mRCC. Many authors
have identified factors associated with outcome in patients
with mRCC treated with cytokines. The most widely used
prognostic factor model is from the Memorial Sloan-Ket-
tering Cancer Center (MSKCC) [7], and groups patients
into categories (favorable, intermediate, and poor), accord-
ing to the number of risk factors predictive of a short sur-
vival. Nonetheless, whether the same prognostic factors are
still relevant for patients treated with VEGF-targeted ther-
apy remains unclear.

Obesity is a risk factor for the development of several
types of cancer [8, 9], including renal cell carcinoma [10,
11], and a risk factor of worsened outcome for many cancer
types [12]. Explanations are incompletely understood, but
may involve the production by adipose tissue of adipokines
and proangiogenic cytokines such as VEGF [13, 14] that
may promote cancer growth, and dysregulated angiogene-
sis. Although VEGF serum levels have been previously
correlated with shorter survival in localized or mRCC [15,
16], to date, there is no current predictive biomarker for the
efficacy of VEGF-targeted therapy in terms of survival im-
provement. We recently reported that high visceral fat area
(VFA) measured by computed tomography independently
predicts a poorer outcome in patients given first-line bev-
acizumab-based therapy for metastatic colon cancer [17].
Whether VFA at treatment initiation predicts outcomes in
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patients with mRCC has not been investigated. Therefore,
we designed this retrospective study to assess whether
VFA, and other factors related to obesity, could predict out-
come of patients given either VEGF-targeted, or cytokine-
based therapy, as first-line treatment for mRCC.

PATIENTS AND METHODS

Patient Population

On the basis of a retrospective cohort study, 113 consecu-
tive patients with mRCC treated with first-line cytokines or
VEGF-targeted therapy (sunitinib, sorafenib, or bevaci-
zumab) between June 2001 and June 2009 at the Georges
Francois Leclerc Center (Dijon, France) were included in
this study. Only patients with histologically proven meta-
static clear cell RCC were included. Patients received either
immunotherapy (INF-a alone, or with IL-2) (cytokine
group) or VEGF-targeted therapy (antiangiogenic group).
Patients initially treated with temsirolimus, or an investiga-
tional agent, were excluded. Baseline demographic, clini-
cal, and laboratory data including those previously found to
have prognostic value [18-21] were collected retrospec-
tively in all patients using uniform database templates to en-
sure consistent data collection. Laboratory values were
standardized against institutional upper limit of normal
(ULN) and lower limit of normal (LLN) values when ap-
propriate. Outcome data on time to progression (TTP) and
overall survival (OS) were collected from patient charts.
This study received institutional review board approval
from our center and all patients gave written informed con-
sent.

Measurement of Visceral and Subcutaneous Fat
VFA and subcutaneous fat area (SFA) were measured ret-
rospectively on the available computed tomography scans
performed before treatment initiation, as previously de-
scribed [22], at the level of the umbilicus with the patient in
the supine position. Briefly, we used ImagelJ software
(http://rsb.info.nih.gov/ij/) to measure pixels with densities
in the —190 Hounsfield units (HU) to —30 HU range to de-
lineate the subcutaneous and visceral compartments and to
compute the cross-sectional area of each in cm? (Fig. 1).
These measurements were performed by a radiologist
blinded to patient information and treatment.

Statistical Analysis

The primary aim of our study was to demonstrate the pre-
dictive value of body mass index (BMI), SFA, and VFA for
TTP and OS in patients treated with VEGF-targeted ther-
apy. Given the absence of normative data on VFA or SFA in
the literature, SFA and VFA were dichotomized using the
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Figure 1.
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Measurement of visceral and subcutaneous fat area. (A) Computed tomography, axial section through the umbilicus

in a 72 year old woman. (B) Visceral fat area (VFA) (in white) was 7208 mm? (lower than the median in the overall population).
(C) Subcutaneous fat area (SFA) (in white) was 21,541 mm? (higher than the median in the overall population).

median of observed distribution as the cutoff. For BMI, pa-
tients were categorized into underweight/normal weight
(BMI <25 kg/m?), overweight (BMI 25-30 kg/m?), or
obese (BMI >30 kg/m?). Analyses were first performed in
all included patients whatever treatment received. Interac-
tions between VEGF-targeted therapy administration ver-
sus cytokines, and respectively BMI, SFA, and VFA were
tested in the whole population. In the case of significant in-
teraction, we considered subgroup analyses to confirm the
results. Analyses were then repeated among patients treated
with VEGF-targeted therapy and with cytokines to check if
in these subgroups BMI, SFA, and VFA were associated or
not with TTP or OS. OS was defined as the time from the
first day of treatment to death (all causes). Survivors were
censored at the last follow-up. TTP was defined as the
time from the first day of treatment to the first recorded ev-
idence of progression. Alive patients without progression
were censored at last follow-up. Median follow-up with its
95% confidence interval (CI) was calculated using the re-
verse Kaplan-Meier method. Survival curves were esti-
mated using the Kaplan-Meier method and compared using
log-rank tests. Univariate Cox proportional-hazards models
of all potential baseline predictors including the MSKCC
prognostic model (interval from diagnosis to treatment
from <1 year, Karnofsky performance status <80%, serum
LDH >1.5 times the ULN, hemoglobin less than the LLN,
and corrected serum calcium greater than the ULN) were
built to compute the hazard ratios (HRs) with their 95% Cls.
Multivariate Cox models for TTP and OS were constructed
including VFA or SFA or BMI, or interaction between one
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of these variables with treatment. According to Harrell
rules, we have limited the included variables for construct-
ing multivariate models to 1 variable for 10 events both in
whole population and in subgroup analyses [23]. We com-
puted the Akaike information criterion for goodness of fit of
multivariate models and Harrell’s C statistic for discrimi-
nation (a Harrell’s C index equal to 0.5 indicates no predic-
tive discrimination and a Harrell’s C index equal to 1.0
indicates perfect separation of patients) of each variable and
for final multivariate Cox models. For multivariate analy-
ses, to prevent multicollinearity, we retained only one in-
teraction with BMI, or SFA or VFA, according to the better
Harrell’s C index. The multivariate models were internally
validated using bootstrapping (150 replications). All anal-
yses were performed using Stata V11 software (StataCorp
LP, College Station, TX). p-values were two-tailed and
considered significant when <.05.

RESULTS

Patient Characteristics and Clinical Outcomes

Baseline characteristics of the 113 patients are listed in Ta-
ble 1 according to the treatment group (cytokine or antian-
giogenic). There was no difference between the two groups,
except for hemoglobin less than the LLN, which was more
frequent in patients treated with cytokines. Proportions be-
tween men and women were not different between the two
groups. No significant difference between fat parameter
distribution between men and women was noted. Mean and
median BMI, SFA, or VFA values did not differ signifi-
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Table 1. Patient and disease characteristics (n = 113) Table 1. (Continued)
Cytokine Antiangiogenic Cytokine Antiangiogenic
group group group group
(n =49) (n = 64) (n =49) (n = 64)
Variable n % n % p Variable n % n % p
Gender 0.795 Bone metastases 0.720
Male 31 63 42 66 No 29 59 40 63
Female 18 34 22 34 Yes 20 41 24 37
Nephrectomy 0.194 Antiangiogenic 0.184
Yes 41 84 47 73 at progression
Karnofski (%) 0.068 1O s i =
=320 44 90 49 77 Mean BMI (kg/m?) 26.4 27.5 0.183
LDH 0.529 =25.7 26 53 30 47
<1.5ULN 42 86 52 81 =257 23 4733 o135
=15 ULN 7 14 12 19 Missing 0 O =
Hemoglobin 0.017 BMI (kg/m”) 0.821
=LLN 35 71 57 89 =2 24 4926 40
<LLN 14 29 7 11 25-30 14 28 20 31
Serum corrected 0.565 =30 11 23 18 29
calcium Mean SFA (mm?)  20,288.7 21121.4 0.630
=ULN 39 80 48 75 Median SFA 0.434
>ULN 10 20 16 25 =17996 25 51 27 42
Time from 0.864 >17996 21 43 32 50
diagnosis to Missing 3 6 5 8
=1l s 73 47 29 45 Mean VFA (mm?) 13,469.7 15777.7 0.195
<il 2% 53 35 55 Median VFA 0.844
Neutrophils 0.729 =13349 24 4929 “
“ULN 46 04 58 91 >13349 22 45 30 47
~ULN 3 6 6 9 Missing 3 6 5 8
Platelets 0.871 MSKCC group 0151
<ULN 40 82 53 83 ! 24 4922 34
=ULN 9 18 11 17 2 2y Ll 0
Lymphocytes 0.451 8 8 i &
- Abbreviations: BMI, body mass index; LDH, serum
=LLN 28 7 32 >0 lactate dehydrogenase; LLN, lower limit of normal;
<LLN 21 43 32 50 MSKCC, Memorial Sloan-Kettering Cancer Center; SFA,
CRP 0.437 subcutaneous fat area; TTP, time to progression; ULN,
<50 mg/L, 13 77 43 67 upper limit of normal; VFA, visceral fat area.
=50 mg/L 10 21 17 27
missing 1 2 4 6
Metastatic sites 0.103 cantly between the. two grou;z)s_of treatme?nt: BMI was
1 21 43 18 73 poorly correlated with VFA (R = 0.58). Within the cyto-
>1 )3 57 46 7 kine group, 7 (14%) patients were treated with the combi-
. nation of IL-2 and INF-« and 42 (86%) received INF-«
Hepatic metastases 0.529 o L . .
alone. Within the antiangiogenic group, 10 patients (15%)
No 42 86 52 81 . . . . .
<7 . Y . received sorafenib, whereas 54 patients received either
b sunitinib (2 = 46; 72%) or bevacizumab (n = 8; 13%) as
(continued) first-line therapy. The median follow-up time after treat-
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ment initiation was 35.7 months (95% CI [24.8-39.1]);
35.4% of patients received additional therapy after disease
progression (28.6% in the cytokine group and 40.6% in the
antiangiogenic group).

Whole Population Analysis

Time to Progression

At data cutoff, 86 patients had experienced progression.
The median TTP was 4.4 months in the cytokine group
(95% CI[2.9-5.8]) and 10.2 months (95% CI[6.3-18.3]) in
the antiangiogenic group (HR: 0.44, 95% CI [0.29-0.68],
log-rank p < .0001). By univariate Cox regression, factors
predicting shorter TTP were LDH >1.5 ULN, hemoglobin
less than the LLN, treatment with cytokines, MSKCC
group, and high BMI and VFA values (supplemental online
Table 1). Interaction tests revealed significant interaction
between BMI, SFA, VFA, and treatment group (p = .0005,
p = .0002, and p = .0002, respectively). The multivariate
Cox regression model revealed that only the MSKCC group
was an independent prognostic factor of shorter TTP (sup-
plemental online Table 1). Interaction between VFA and
treatment showed that as compared with patients treated
with cytokines with VFA = 13,349 hazard ratio for TTP
was 0.25 (95% CI[0.12—-0.49]) for patients treated with an-
tiangiogenics with VFA =13,349 independently of the
MSKCC group. Results were internally validated by boot-
strapping (supplemental online Table 1).

Overall Survival

At data cutoff, 70 patients had died. The median OS was
15.4 months (95% CI [7.1-23.0]) in the cytokine group and
23.1 (95% CI [12.5-26.5]) months in the antiangiogenic
group (HR: 0.81, 95% CI [0.50-1.32], log-rank p = .401).
By univariate analysis, factors associated with shorter OS
were absence of nephrectomy, Karnofsky index (IK) <80,
LDH >1.5 ULN, hemoglobin <LLN, corrected calcemia
>ULN, number of metastatic sites >1, CRP >50 mg/L,
platelets >ULN, absence of VEGF-targeted therapy at dis-
ease progression, and MSKCC group (supplemental online
Table 2). Interestingly, interaction tests between treatment
groups and respectively BMI, SFA, and VFA highlighted
significant interaction only for VFA (p = .0113). Multivar-
iate analysis for OS revealed that MSKCC group, absence
of VEGF-targeted therapy at disease progression, and num-
ber of metastatic sites >1 were independent prognostic fac-
tors of shorter OS (supplemental online Table 2).
Interaction between VFA and treatment showed that as
compared with patients treated with cytokines with VFA
=13,349 hazard ratio for OS was 0.25 (95% CI [0.11-
0.60]) for patients treated with antiangiogenics with VFA
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=13,349 independent of other prognostic variables. Results
were internally validated by bootstrapping.

Analysis According to Treatment Group

Time to Progression

In patients treated with VEGF-targeted therapy, TTP was
significantly shorter in patients with high SFA and VFA
values than in patients with low values (log-rank tests p =
.048 and p = .0009, respectively) (Fig. 2). Factors that pre-
dicted shorter TTP by univariate Cox regression were high
VFA, absence of nephrectomy, IK <80, LDH >1.5 ULN,
and MSKCC group (Table 2). Using multivariate Cox re-
gression model, absence of nephrectomy (HR: 3.21 [1.51—
6.83]), LDH >1.5 ULN (HR: 2.64 [1.22-5.73]), and high
VFA (HR: 3.22 [1.60-6.50]) were independently associ-
ated with shorter TTP. Harrell’s C statistic was equal to
0.754, indicating good discriminant capability by the mul-
tivariate model for predicting TTP. Moreover, univariate
analysis of VFA showed that Harrell’s C statistic was equal
to 0.676, suggesting that high VFA was the main discrimi-
nant parameter for predicting TTP compared with other
variables for which univariate Harrell’s C statistic ranged
from 0.56 to 0.63 (Table 2). The stability of the multivariate
Cox model was assessed by bootstrapping, performed using
150 replications generated from the original sample, and
confirmed that high VFA independently predicted shorter
TTP (p = .013). By contrast, in patients treated with cyto-
kines, neither SFA nor VFA were significantly associated
with TTP (Fig. 2). Only LDH >1.5 ULN was associated
with shorter TTP in this population (univariate HR: 2.80,
95% CI [1.16—6.76]).

Overall Survival

In patients treated with VEGF-targeted therapy, OS was
significantly shorter in patients with high SFA and VFA
values than in patients with low values (log-rank tests p =
.0203 and p = .0003, respectively) (Fig. 3). Factors signif-
icantly associated with shorter OS by univariate Cox re-
gression were high SFA, high VFA, absence of
nephrectomy, IK <80, corrected calcemia >ULN, and
MSKCC group (Table 3). In these patients, only high VFA
(HR: 6.26 [2.29-17.08]) and MSKCC group (group 2: HR:
5.33 [1.78-15.98]; group 3: HR: 43.04 [6.36-291.32])
were independently associated with shorter OS by multi-
variate Cox regression (Table 3). Harrell’s C statistic was
equal to 0.802, indicating good discriminant capability of
the multivariate model for predicting OS. Moreover, uni-
variate analysis of VFA showed that Harrell’s C statistic
was equal to 0.707, suggesting that high VFA was the main
discriminant parameter for predicting OS as compared with
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Figure 2. For each of the two groups— cytokine group (top) and antiangiogenic group (bottom)—TTP was compared according
to SFA (left) and VFA (right) dichotomized to the median (Kaplan-Meier estimates). Abbreviations: SFA, subcutaneous fat area;

TTP, time to progression; VFA, visceral fat area.

other variables for which univariate Harrell’s C statistic
ranged from 0.60 to 0.68 (Table 3). Bootstrapping also con-
firms the stability of the multivariate Cox model, and that
only high VFA independently predicted shorter OS (p =
.001). Thus, we also confirmed for OS that VFA constituted
a predictive factor, and not a prognostic factor, because in
patients treated with cytokines, OS differed neither in pa-
tients with high SFA nor in patients with high VFA values
versus patients with low values (Fig. 3). Factors predicting
shorter OS in patients treated with cytokines were reported
in supplemental online Table 3.

DISCUSSION

VEGF-targeted therapies have recently changed the ther-
apeutic landscape in mRCC, offering an opportunity to
better individualize patient treatment. Because of multi-

ple treatment options, improving the accuracy of current
prognostic models is important to better stratify patients
in clinical trials and for making relevant individualized
treatment recommendations in mRCC. For patients
treated with cytokines, an initial prognostic model was
developed at MSKCC [7]. Recently, a prognostic model
proposed by Heng et al. validates four components of the
MSKCC model, with the addition of platelet and neutro-
phil counts [24] for patients treated with VEGF-targeted
therapy. However, to date, there is no current biomarker
predictive for the efficacy of VEGF-targeted therapy
in terms of survival improvement for patients with
mRCC.

Obesity is a well-established risk factor for developing
several types of cancer [8, 9, 12], including RCC [10, 11,
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Table 2. Univariate (n = 64) and multivariate (n = 59) analyses for factors associated with time to progression in patients
treated with VEGF-targeted therapy
Bootstrapping
Univariate Harrell’s Multivariate 95% CI and
HR 95% CI P C HR 95% CI pr p-value

Nephrectomy

yes 1 1

no 2.57 [1.24-5.36] 0.011 0.604 4.74 [2.05-10.92] <0.001 [1.32-17.06]0.017
LDH

<15ULN 1 1

=15ULN 2.26 [1.09—4.68] 0.029 0.560 2.64 [1.22-5.73] 0.014 [1.22-5.70]0.014
VFA

=13,349 1 1

>13,349 3.05 [1.53-6.08] 0.002 0.676 3.07 [1.52-6.20] 0.002 [1.29-7.31]0.011
Karnofski (%)

=80 1

<80 2.18 [1.08—4.41] 0.03 0.611
MSKCC group

1 1

2 2.15 [1.03-4.50]

3 14.79 [3.43-63.71] 0.0011 0.631
Har.rel_l’s C 0.754
statistic
AIC 233.02
Abbreviations: AIC, Akaike information criterion; CI, confidence interval; HR, hazard ratio; LDH, serum lactate
dehydrogenase; MSKCC, Memorial Sloan-Kettering Cancer Center; ULN, upper limit of normal; VEGF, vascular
endothelial growth factor; VFA, visceral fat area.

25]. Mortality rates from RCC increase with increasing
body mass in a prospective study conducted by the Ameri-
can Cancer Society [26]. Reasons for these possibly wors-
ened outcomes remain unclear, but may involve the
production by adipose tissue of adipokines that may pro-
mote cancer growth, and dysregulated angiogenesis [13,
14, 27]. Indeed, adipose tissue should be considered as an
endocrine and paracrine organ that releases cytokine-like
polypeptides responsible for widespread biological effects
[28]. In particular, adipocytes produce insulin-like growth
factors, which are known to have cancer-promoting effects
on renal cells [29, 30] and multiple angiogenic factors in-
cluding VEGF and leptin [27]. Leptin exerts direct angio-
genic effects [27, 28] and upregulates VEGF mRNA
expression [31]. Increased leptin levels have been associ-
ated with RCC invasion and progression [32, 33]. However,
adiponectin, a polypeptide secreted by adipose tissue, has
tumor-suppressive effects and important antiangiogenic ac-
tivities [34]. Its circulating levels inversely correlate with
body weight and have been found to be associated with
higher tumor size and metastatic progression in patients
with RCC [35]. Inflammatory cells infiltrating the adipose
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tissue also contribute significantly to VEGF production
[27, 36], thereby explaining why higher serum VEGF levels
have been found in obese patients [13, 14].

It is noteworthy that the definition of obesity is contro-
versial since it is unclear whether BMI is the most appro-
priate measure of obesity. Several studies suggest that BMI
is a crude measure of body fat distribution that fails to dis-
tinguish between visceral and subcutaneous fat [37]. In a
recent study, Chatterjee et al. demonstrated in RCC patients
that visceral obesity directly correlated with metastatic pro-
gression, whereas BMI did not [38]. Moreover, an increas-
ing body of evidence indicates that the cytokine production
profile differs between subcutaneous fat and visceral fat
[39, 40]. Interestingly, computed tomography can be easily
used to accurately assess intra-abdominal fat [22] via mea-
surements of SFA and VFA at the level of umbilicus. Vis-
ceral obesity has been found to be associated with lower
plasma adiponectin levels and higher incidence of meta-
static disease in patients with RCC [38]. Moreover, the
level of VEGF production is higher in omental fat than in fat
located at any other site in the body [27]. These differences
may explain why obesity-associated metabolic disorders,
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Figure 3. For each of the two groups—cytokine group (top) and antiangiogenic group (bottom)—OS was compared according
to SFA (left) and VFA (right) dichotomized to the median (Kaplan-Meier estimates). Abbreviations: OS, overall survival; SFA,

subcutaneous fat area; VFA, visceral fat area.

serum VEGEF levels [13], and RCC prognosis correlate bet-
ter with VFA than with SFA, or BMI. Recent phase III trials
showed that VEGF-targeted therapy improved progression-
free survival in patients with mRCC [3-6]. High VEGF se-
rum levels have been reported to predict higher stage,
higher tumor grade, and shorter OS in patients with local-
ized RCC [15, 16]. In a study of 302 patients treated with
cytokines, high pretreatment VEGF blood level was inde-
pendently prognostic for lower OS and DFS in multivariate
analysis [41]. However, the prognostic significance of
VEGF blood level was not confirmed in other studies per-
formed on patients treated with VEGF-targeted therapy
[42], and thus cannot be used currently to improve patient’s
risk stratification. Interestingly, obese animals proved re-
sistance to anti-VEGF therapy [43]. Moreover, we recently
demonstrated that VFA measured before starting first-line

bevacizumab-based therapy was likely to be a useful pre-
dictive biomarker of treatment’s efficacy in metastatic
colorectal cancer patients [17]. Altogether, these data could
support the hypothesis that a large amount of visceral fat
may be associated with high proangiogenic factor levels
and therefore with resistance to VEGF-targeted therapy in
patients with mRCC. Until now and despite extensive in-
vestigation, there are no validated predictive biomarkers of
the efficacy of VEGF-targeted therapy. Our study provides
the first evidence that a large amount of visceral fat is inde-
pendently associated with worse outcomes in patients given
first-line VEGF-targeted therapy for mRCC. VFA could be
considered as a predictive factor of benefit from VEGF-
targeted therapy, as it was not associated with a modified
outcome in patients treated with cytokines.

Limitations of our study include the relative small num-
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Table 3. Univariate (n = 64) and multivariate (n = 59) analyses for factors associated with overall survival in patients
treated with VEGF-targeted therapy

Univariate Harrell’s Multivariate Bootstrapping 95 %
HR 95% CI P C HR 95% CI P CI and p-value

VFA

=13,349 1 1

>13,349 4.37 [1.86-10.28] 0.001 0.707 6.26 [2.29-17.08] <0.001 [2.09-19.34]0.001
MSKCC group

1 1 1

2 2.52 [1.05-6.03] 5.33 [1.78-15.98] 0.003 [0.03-958.34]0.528

3 37.72 [3.79-209.5] 0.0002 0.686 43.04 [6.36-291.32] <0.001 [0.00-8.8E11]0.756
Nephrectomy

Yes 1

No 4.4 [1.82-10.82] 0.001 0.647
Karnofski (%)

=80 1

<80 2.82 [1.30-6.09] 0.008 0.644
Serum
corrected
calcium

=ULN 1

>ULN 2.19 [1.03—4.64] 0.041 0.602
SFA

=17,996 1

>17,996 2.58 [1.13-5.89] 0.025 0.603
Harrell’s C 0.8022
statistic
AIC 151.07
Abbreviations: AIC, Akaike information criterion; CI, confidence interval; HR, hazard ratio MSKCC, Memorial Sloan-
Kettering Cancer Center; SFA, subcutaneous fat area; ULN, upper limit of normal; VEGF, vascular endothelial growth
factor; VFA, visceral fat area.

ber of patients, the single-center patient recruitment, and
the retrospective design. Moreover, this patient population
included patients treated with sunitinib, sorafenib, or bev-
acizumab, and it will be of first interest to validate this new
predictive biomarker in cohorts of mRCC patients treated
homogeneously. However, despite these limitations, clas-
sic prognostic factors derived from the MSKCC model re-
main associated with the outcome of our patients. Of note,
neither neutrophil count greater than the ULN nor platelet
count greater than the ULN (which have been recently de-
scribed as prognostic factors associated with outcome in pa-
tients treated with VEGF-targeted therapies for RCC [24]) was
associated with poorer TTP or OS in univariate analysis. This
could be due to the small proportion of patients with these ad-
verse features in our cohort (9% and 17%, respectively). Be-
cause of the small sample size, bootstrapping was performed
to internally validate the results and prevent overfitting. The
results obtained by bootstrapping highlighted that high VFA
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remains a major independent predictor of short survival. Fur-
ther studies are ongoing to validate our findings in a different
data set and to determine the optimal cutoff for VFA.

In conclusion, our results provide the first evidence
that VFA measured before starting first-line VEGF-
targeted therapy is likely to be a simple predictive bi-
omarker in mRCC patients. Further studies may help us
to determine whether the predictive effect of high VFA is
related to either a larger volume of distribution of VEGF-
targeted therapies or the production of high levels of
VEGF by visceral fat or both preceding hypotheses. Con-
sequently, patients with high VFA could either not ben-
efit from VEGF-targeted therapy or perhaps require a
higher dosage. If further validation studies corroborate
our results, the measurement of VFA will have to be in-
corporated into clinical patient care as well as into stratifi-
cation schema for future clinical trials with VEGF-targeted
therapies, thereby taking into account not only pathologic pa-
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rameters related to tumor burden but also physiologic param-
eters related to the patient himself.
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