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ABSTRACT

Background. Obesity increases the risk for renal cell carci-
noma (RCC). However, it has only recently been identified
as an independent positive prognostic factor for localized
RCC.

Objective. To determine whether obesity influences long-
term prognosis in metastatic RCC patients receiving vas-
cular endothelial growth factor-targeted therapy.

Design, Setting, and Participants. In 116 patients with
metastatic RCC who received antiangiogenic agents
(sunitinib, sorafenib, axitinib, bevacizumab) in 2005-2010,
we evaluated whether body mass index (BMI), a body sur-
face area (BSA) above the European average, the visceral
fat area (VFA), or s.c. fat area (SFA) were of predictive rel-
evance.

Measurements. BMI was categorized based on current
World Health Organization definitions. BSA was stratified

according to the European average for men (1.98 m?) and
women (1.74 m?). VFA and SFA were dichotomized using
the median of the observed distribution as the cutoff. The
primary endpoints of this study were time to progression
and overall survival time.

Results and Limitations. The whole population had me-
dian progression-free and overall survival times of 8.3 months
and 20.5 months, respectively. In contrast to BMI and BSA,
higher than average VFA and SFA levels were significant
predictors of longer progression-free and overall survival
times. The major limitations of this study are its retrospective
design and its heterogeneous patient population.

Conclusion. This is the first study to identify high VFA
and SFA levels as positive predictive biomarkers for pa-
tients who receive first-line antiangiogenic agents for met-
astatic RCC. The Oncologist 2011;16:1565-1571

INTRODUCTION
The development of therapeutic agents blocking pathways typ-
ically involved in tumor progression, such as the vascular en-

dothelial growth factor (VEGF) pathway, revolutionized the
treatment of patients with metastatic renal cell cancer (RCC)
and established molecular targeted therapy as the preferred
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therapeutic approach. However, treatment with these novel
drugs is still palliative and we still lack indicators to predict
which patient profits most from which agent in which se-
quence and, particularly, dose rate.

Obesity is a widely accepted risk factor for RCC [1-4],
which is of increasing importance because today, worldwide,
>300 million adults are obese, and the prevalence of obesity is
still rapidly rising. It is projected that, by 2015, 75% of Amer-
ican adults will be overweight and 41% will be deemed obese
[5]. However, even though being overweight predisposes to
RCC, obesity has only recently been identified as an indepen-
dent positive prognostic factor for patients with localized RCC
[6, 7].

Interestingly, a study presented at the 2010 American So-
ciety of Clinical Oncology Annual Meeting by Choueiri et al.
[8] evaluated the effect of body mass index (BMI) and body
surface area (BSA) on the prognosis of metastatic RCC pa-
tients treated with VEGF-targeted therapy [8]. In that trial,
obesity was independently associated with a better clinical out-
come in patients with metastatic disease under targeted ther-
apy. Similar results were reported for patients treated with
pazopanib [9]. In contrast, in a previous issue of The Oncolo-
gist, Ladoire et al. [10] only recently published the results of a
similar but smaller trial in which a high visceral fat area (VFA)
and high s.c. fat area (SFA) were significantly associated with
a shorter time to progression and shorter survival time in pa-
tients with metastatic RCC treated with antiangiogenic agents.

Facing these controversial data in the metastatic setting,
and the urgent need for prognostic as well as predictive factors,
the aim of our study was to assess whether or not obesity (mea-
sured in terms of BMI, BSA, VFA, and SFA) can predict the
long-term prognosis of patients treated with VEGF-targeted
therapy.

PATIENTS, MATERIALS, AND METHODS

This study included 116 patients with metastatic RCC with
complete BMI and BSA data and/or information about their
pretherapeutic VFA and SFA (n = 77). Patients had received
tyrosine kinase inhibitors (sunitinib, n = 90; sorafenib, n = 15;
axitinib, n = 8) or bevacizumab (n = 3) as first-line treatment
for metastatic RCC. Detailed patient information is given in
Table 1. Patients had a median follow-up of 21 months (inter-
quartile range [IQR], 9.5-30.3 months). Forty-three patients
had baseline systemic hypertension, 11 suffered from non—
insulin-dependent diabetes mellitus, and two patients had hy-
perlipidemia.

BMI was categorized based on current World Health Or-
ganization definitions (http://www.who.int/bmi): <18.5 kg/
m?, underweight; 18.5-24.99 kg/mz, normal range; =25—
29.99 kg/m?, preobese; =30 kg/m?, obese. BSA was stratified
according to the European average for men (1.98 m?) and
women (1.74 m®) [11, 12].

VFA and SFA were measured retrospectively on available
computed tomography scans performed before treatment initi-
ation, at the level of the umbilicus with the patient in the supine
position, as described previously [13]. Briefly, we used ImageJ
software (http://rsb.info.nih.gov/ij/) to measure pixels with
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Table 1. Patient and tumor characteristics

Variable Value
Mean age, yrs 61.0 (SD, *=11.1)
Sex

Male 79 (68.1%)

Female 37 (31.9%)
Histology

ccRCC 98 (84.5%)

nccRCC 18 (15.5%)
ECOG status score

0 86 (87.8%)

1 9 (9.2%)

2 3(3.1%)

Mean weight, kg 80.8 (SD, *=16.8)
174.4 (SD, £9.0)

26.5 (SD, *=4.8)

Mean height, cm
Mean BMI, kg/m*

BMI <25 kg/m? 49 (42.2%)

BMI 25-30 kg/m* 44 (37.9%)

BMI >30 kg/m> 23 (19.8%)
Mean BSA, m? 1.97 (SD, +0.23)

BSA less than EU mean 43 (37.1%)

BSA more than EU mean 73 (62.9%)

Mean VFA, mm?> 14,138 (SD, *=7,289)
Mean SFA, mm? 20,946 (SD, =11,338)

Abbreviations: BMI, body mass index; BSA, body
surface area; ccRCC, clear cell renal cell carcinoma;
ECOG, Eastern Cooperative Oncology Group; EU,
European Union; nccRCC, non—clear cell renal cell
carcinoma; SD, standard deviation; SFA, s.c. fat area;
VFA, visceral fat area.

densities in the — 190 Hounsfield units (HU) to —30 HU range
to delineate the s.c. and visceral compartments and to compute
the cross-sectional area of each in mm? as described earlier
[10, 13] (Figure 1). Fat measurements were all performed by
one radiologist (K.I.R.), who was blinded to patient informa-
tion, clinical treatment, and outcome. Given the absence of
normative data on VFA and SFA in the literature, values in our
patient collective were dichotomized for both using the median
of the observed distribution as the cutoff.

Statistical Analysis

The follow-up duration was calculated from the date of first
VEGF agent administration to the date of death or the last fol-
low-up visit. The primary endpoints of this study were the pro-
gression-free survival (PES) and overall survival (OS) times. The
PFES interval was defined as time from the first VEGF agent ad-
ministration to the first recorded evidence of progression. The OS
time was defined as the time of VEGF agent administration to the
date of death. Continuous variables were reported as means and
standard deviations (SDs) for parametric distributions or as me-
dians and IQRs for nonparametric distributions. Kaplan—-Meier
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Figure 1. Axial computed tomography images of two different patients at the level of the umbilicus for assessment of SFA and VFA. (A):

Obese patient with considerable fat in the s.c. and visceral compartment (BMI, 34.6 kg/mz; BSA, 2.17 m?; VFA, 16,211 mm?; SFA, 46,681

mm?). (B): Patient with a minimal s.c. and visceral fat amount (BMI, 19.8 kg/m?; BSA, 1.78 m?; VFA, 1,025 mm?; SFA, 3,639 mm?).
Abbreviations: BMI, body mass index; BSA, body surface area; SFA, s.c. fat area; VFA, visceral fat area.

survival times were calculated, and subgroups were compared us-
ing the log-rank test statistic. Multivariate Cox regression models
were used to assess the association between survival and BMI,
BSA, VFA, and SFA adjusted for different clinical and patient co-
variates. The x* test and Fisher’s exact test were used to assess
differences in covariate distributions among the BMI and BSA
categories. SPSS 17.0 (SPSS Inc., Chicago, IL) was used for sta-
tistical assessment. p-values <.05 were considered significant in
all tests. All p-values were two-sided.

RESULTS

Correlation Between Patient or Tumor
Characteristics and Different Measures of Obesity
(BMI, BSA, VFA, SFA)

Baseline patient and tumor characteristics are summarized in
Table 1. Patients (n = 116 evaluable) had a mean BMI of 26.5
kg/m? (SD, *+4.8 kg/m?) with no difference between men (26.4
kg/m?) and women (26.6 kg/m?) (p = .87, t-test). BMI did not
correlate with either age (p = .85, Spearman’s p) or histolog-
ical subtype (p = .31, x* test). A BSA above the European av-
erage was not associated with sex (p = .84, x> test) or age (p =
.81, t-test). Moreover, BSA was higher than average in 65.3%
of patients with clear cell and 50.0% of patients with non—clear
cell RCC (p = .29, Fisher’s exact test).

Patients (n =77 evaluable) with a VFA higher than the me-
dian in our cohort tended to be older (mean age, 61.2 years versus
56.9 years; p = .08, r-test). This association was not shown for
patients with a high SFA (p = .76). In contrast to SFA (p = 45,
Fisher’s exact test), a high VFA was more often found in men
(58.2%) than in women (27.3%) (p = .02, Fisher’s exact test).
Neither VFA nor SFA was associated with histological subtype.

Measures for Obesity (BMI, BSA, VFA, SFA) and
Their Predictive Value
The calculated median PFS and OS times of all 116 patients
with metastatic RCC were 8.3 months and 20.5 months, re-
spectively.

Kaplan—-Meier analysis disclosed no significant difference
in the PFS interval (median, 8.4, 8.3, and 7.8 months, respec-
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tively; p = .63) or the OS time among the three BMI classes
(19.0 months, 20.9 months, and 20.3 months, respectively; p =
.61, log-rank). In agreement, the median PFS and OS times
were 8.4 months and 22.5 months for patients with a BSA be-
low and 7.8 months and 20.4 months for patients with a BSA
above the European average (p = .47 and p = .13, respec-
tively, log-rank). Applying subgroup analysis including only
patients with clear cell histology, no significant difference in
terms of the PFS or OS time for BMI or BSA could be demon-
strated either.

In contrast, patients with a high VFA experienced a sig-
nificantly longer median PFS duration (11.5 months) as
well as a longer OS time (32.3 months) than patients with a
lower VFA (8.4 months and 16.9 months; p = .005 and p =
0.04, respectively, log-rank) (Fig. 2A, 2B). After exclusion
of patients without clear cell RCC, the results for the median
PFS (11.7 months versus 8.3 months; p = .001) and OS
(32.7 months versus 16.8 months; p = .04) times for pa-
tients with higher and lower VFAs did not differ.

Furthermore, Kaplan—Meier analysis revealed that a higher
rather than average SFA qualified as a significant predictor of a
longer PFS interval (10.5 months versus 8.4 months; p = .04) and
longer OS time (32.3 months versus 14.0 months; p = .008) (Fig.
3A, 3B). Including only patients with clear cell RCC, the results
for the median PFS duration (10.6 months versus 8.4 months; p =
.03) and overall survival duration (32.7 months versus 14.6
months; p = .01) for patients with higher and lower than average
SFAs were nearly identical to those of the whole group.

Applying univariate Cox regression analyses, variables
that predicted a shorter PFS interval were a high Eastern Co-
operative Oncology Group (ECOG) performance status
score, a high Memorial Sloan-Kettering Cancer Center
(MSKCC) status score, and a lower than average VFA and
SFA. Factors predicting a shorter OS duration, however,
were a histologic subtype other than clear cell, ahigh ECOG
score and MSKCC status score, a lactate dehydrogenase
level >1.5X the upper limit of normal, a time from diagno-
sis to treatment <1 year, and, again, a lower than average
VFA and SFA (Table 2).
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Figure 2. Association between visceral fat area (VFA) and
clinical outcome (Kaplan—Meier). (A): The median progres-
sion-free survival times were 11.5 months and 8.4 months for
patients with a higher and lower than average VFA, respec-
tively (p = .005, log-rank). (B): The median overall survival
times were 32.3 months and 16.9 months for patients with a higher
and lower than average VFA, respectively (p = .038, log-rank).

Using multivariate Cox regression analysis, including sex,
age, histologic subtype, and MSKCC status prior to systemic
treatment, in contrast to BMI (p = .88 and p = .17) and BSA (p =
.85 and p = .77), VFA (p = .006; hazard ratio [HR], 3.26; 95%
confidence interval [CI], 1.39-7.62 and p = .006; HR, 2.97; 95%
CL 1.36—6.47) and SFA (p = .012; HR, 2.66; 95% CI, 1.24-5.69
and p = .001; HR, 3.41; 95% CI, 1.61-7.25) were identified as
independent predictive markers of PFS and OS times, respec-
tively, for patients with metastatic RCC treated first line with an-
tiangiogenic agents (Tables 3 and 4).

DISCUSSION

The rapid development of agents blocking the VEGF pathway
has changed the landscape of treatment for advanced renal can-
cer. Because the median OS time doubled in only a few years,
molecularly targeted therapy is now the preferred treatment
approach for most patients with advanced clear cell RCC.
However, prognostic parameters that stratify patients profiting
from targeted therapy, leading to highly individualized treat-
ment protocols, are still lacking.
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Figure 3. Association between s.c. fat area (SFA) and clinical
outcome (Kaplan—Meier). (A): The median progression-free
survival times were 10.5 months and 8.4 months for patients
with a higher and lower than average SFA, respectively (p =
.037, log-rank). (B): The median overall survival times were
32.3 months and 14.0 months for patients with a higher and
lower than average SFA, respectively (p = .008, log-rank).

Obesity is a widely accepted risk factor for RCC [4].
Moreover, Lowrance et al. [14] recently demonstrated that
it is particularly associated with a higher risk for clear cell
tumors. It has been hypothesized that overweight individu-
als show dysregulation of multiple pathways, which may
spur tumor development or aggressiveness. Upregulation of
estrogen and insulin levels or other growth factors secreted
from adipose tissue has been noted. Furthermore, abnormal
cholesterol metabolism and immune system alterations
have been described [15]. Despite the fact that obesity sig-
nificantly increases the risk for RCC, overweight was iden-
tified as an independent prognostic marker of a better
cancer-specific survival outcome in patients with organ-
confined RCC [6]. Nevertheless, all studies evaluating the
association between body mass and mortality caused by
RCC were focused on patients at the time of diagnosis, and
mostly on those with localized disease.

To our knowledge, only two conflicting trials have ana-
lyzed the influence of obesity on the prognosis of metastatic

O%ecologist“
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Table 2. Variables with potential influence on PFS and OS times using univariate Cox regression analysis
PFS oS

Variable HR (95% CI) p-value HR (95% CI) p-value

Sex 46 .61
Female 1 1
Male 0.84 (0.52-1.35) 1.13 (0.71-1.79)

Histology 13 .008
ccRCC 1 1
nccRCC 1.61 (0.88-2.95) 2.18 (1.23-3.87)

ECOG status score .03 .02
0 1 1
1 2.72 (1.29-5.77) 2.91 (1.29-6.56)
2 1.73 (0.24-12.63) 2.42 (0.59-10.02)

LDH 17 .02
<1.5X ULN 1 1
=1.5X ULN 1.71 (0.79-3.68) 2.30 (1.24-4.72)

Serum corrected calcium .79 .64
= ULN 1 1
> ULN 1.11 (0.52-2.35) 0.82 (0.35-1.92)

Hemoglobin .26 .53
=LLN 1 1
< LLN 1.37 (0.79-2.35) 1.17 (0.69-1.97)

Time from diagnosis to treatment 12 .005
=1yr 1 1
<lyr 1.44 (0.91-2.30) 1.94 (1.22-3.01)

MSKCC status score .02 .005
Favorable 1 1
Intermediate 1.60 (0.70-3.53) 1.42 (0.66-3.01)
Poor 3.56 (1.36-9.32) 3.99 (1.57-10.15)

BMI .63 .62
<25 kg/m* 1 1
25-30 kg/m? 0.85 (0.52-1.39) 0.95 (0.59-1.53)
>30 kg/m> 0.76 (0.42-1.38) 0.72 (0.38-1.38)

BSA 47 13
= EU mean 1 1
< EU mean 1.19 (0.75-1.87) 1.41 (0.90-2.19)

VFA .006 .04
= median 1 1
< median 2.24 (1.26-4.01) 1.83 (1.03-3.25)

SFA .04 .01
= median 1 1
< median 1.80 (1.03-3.15) 2.14 (1.20-3.81)

VFA, visceral fat area.

Abbreviations: BMI, body mass index; BSA, body surface area; ccRCC, clear cell renal cell carcinoma; CI, confidence
interval; ECOG, Eastern Cooperative Oncology Group; EU, European Union; HR, hazard ratio; LDH, lactate
dehydrogenase; LLN, lower limit of normal; MSKCC, Memorial Sloan-Kettering Cancer Center; nccRCC, non—clear cell
renal cell carcinoma; OS, overall survival; PFS, progression-free survival; SFA, s.c. fat area; ULN, upper limit of normal;
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Table 3. Multivariate Cox regression analysis identified a high VFA as an independent predictor of PFS and OS times
PFS 0S

Variable HR (95% CI) p-value HR (95% CI) p-value
Sex 21 .49

Female 1 (Reference) 1 (Reference)

Male 1.74 (0.73-4.18) 1.33 (0.60-2.94)
Age 0.99 (0.96-1.03) 71 0.99 (0.95-1.02) 44
Histological subtype 45 40

ccRCC 1 (Reference) 1 (Reference)

nccRCC 0.66 (0.23—-1.94) 0.64 (0.23-1.80)
MSKCC status .56 .02
score

Favorable 1 (Reference) 1 (Reference)

Intermediate 1.27 (0.48-3.37) .63 0.97 (0.32-2.96) .96

Poor 2.09 (0.53-8.12) .29 5.46 (1.11-26.74) .04
VFA .006 .006

= median 1 (Reference) 1 (Reference)

< median 3.26 (1.3.9-7.62) 2.97 (1.36-6.47)
Abbreviations: ccRCC, clear cell renal cell carcinoma; CI, confidence interval; HR, hazard ratio, MSKCC, Memorial Sloan-
Kettering Cancer Center; nccRCC, non—clear cell renal cell renal cell carcinoma; OS, overall survival; PFS, progression-
free survival; VFA, visceral fat area.

RCC patients under VEGF-targeted therapy [8, 10]. In a retro-
spective multicenter study including 475 metastatic RCC pa-
tients who received anti-VEGF drugs as first-line therapy,
Choueiri et al. [8] found that obesity (high BMI and BSA) was

independently associated with a better treatment outcome. In
contrast, Ladoire et al. [10] reported, in a retrospective study,
that high VFA and SFA were significantly associated with a
shorter time to progression and shorter survival time in patients

Table 4. Multivariate Cox regression analysis identified a high SFA as an independent predictor of OS duration
PFS (0
Variable HR (95% CI) p-value HR (95% CI) p-value
Sex .53 .83
Female 1 (Reference) 1 (Reference)
Male 1.30 (0.57-2.94) 1.09 (0.50-2.40)
Age 0.99 (0.96-1.03) .66 0.97 (0.94-1.01) .16
Histological subtype .59 40
ccRCC 1 (Reference) 1 (Reference)
nccRCC 0.76 (0.27-2.11) 0.64 (0.21-1.79)
MSKCC status .19 .009
score
Favorable 1 (Reference) 1 (Reference)
Intermediate 1.90 (0.69-5.21) 21 1.56 (0.53-4.64) 42
Poor 3.34 (0.91-12.29) .07 8.53 (1.86-39.05) .006
SFA .01 .001
= median 1 (Reference) 1 (Reference)
< median 2.66 (1.24-5.69) 3.41 (1.61-7.25)
Abbreviations: ccRCC, clear cell renal cell carcinoma; CI, confidence interval; HR, hazard ratio, MSKCC, Memorial Sloan-
gggersir(l:g fCa?r;;:; Center; nccRCC, non-clear cell renal cell carcinoma; OS, overall survival; PES, progression-free survival,
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with metastatic RCC treated with either immunotherapy (n =
49) or targeted agents (n = 64).

However, in our study, which was comprised of 116 pa-
tients receiving first-line VEGF-targeted agents, we were
not able to reproduce the results published by Choueiri et al.
[8]. That is, in our study, BMI and BSA were not signifi-
cantly associated with the PFS or OS duration. However,
because our patient cohort was smaller than that of Choueiri
et al. [8], and because we observed at least a trend toward a
better prognosis for patients with higher BMI or BSA levels,
significance might have been reached with a higher number
of patients. That is, our study might have been underpow-
ered and thus failed to show a significant predictive impact
of BMI or BSA on the prognosis of patients treated with an-
tiangiogenic agents.

However, we were able, for the first time, to show that
high VFA and SFA are significantly associated with a better
prognosis. Using multivariate analysis, a higher than aver-
age VFA and SFA predicted longer PFS and OS times.
These results are directly in contrast to those recently pub-
lished by Ladoire et al. [10], who described that, in 64 met-
astatic RCC patients treated with first-line antiangiogenic
agents, a high VFA served as a predictive biomarker for a
shorter survival time.

The major limitations of this study, as well as the studies by
Ladoire et al. [10] and Choueiri et al. [8], are its retrospective
design, its lack of central pathology review, its heterogeneous
patient population, and its relatively short follow-up. Never-
theless, we were able to clearly show that higher levels of ad-
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ipose fat, particularly the VFA and SFA, predicted a better
prognosis in metastatic RCC patients treated with antiangio-
genic agents. The reasons for this finding remain unclear and
could include the possibility that high adipose fat levels simply
prevent tumor cachexia or the fact that adipose tissue acts as an
endocrine and paracrine organ that releases cytokine-like poly-
peptides responsible for widespread biological effects [10, 16]
that are not yet fully understood and could enhance the efficacy
of anti-VEGF agents. Furthermore, our results indicate that
BMI and BSA are crude measures of obesity and that it can be
beneficial to directly assess VFA or SFA as a measure of over-
weight. If the results of Choueiri et al. [8] and our results can be
confirmed in future trials, basic research will be needed to in-
vestigate why high fat levels might serve as a positive predic-
tive marker of therapeutic response to antiangiogenic
treatment. This could help to further improve the systemic
treatment for patients with metastatic RCC.
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