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Objective. Adiposity has been hypothesized to interfere with the activity of bevacizumab (BEV), an anti-
angiogenic agent. Measurements of adiposity, BMI, surface fat area (SFA), and visceral fat area (VFA) were inves-
tigated as prognostic of oncologic outcomes among patients treated with chemotherapy, with or without BEV, on
GOG 218, a prospective phase III trial.

Method. Pretreatment computed tomography (CT) for 1538 GOG 218 participants were analyzed. Propor-
tional hazards models assessed association between adiposity and overall survival (0S) adjusted for other prog-
nostic factors. The predictive value of adiposity as a function of BEV treatment was assessed in 1019 patients
randomized to either chemotherapy (CT) + placebo (P) — P or CT + BEV — BEV.

Results. After adjusting for prognostic factors, SFA was not associated with the overall hazard of death (p =
0.981). There was a non-significant 0.1% (p = 0.062) increase in hazard of death associated with a unit increase
in VFA. When comparing the treatment HRs for patients who did and did not receive BEV, there was no associ-
ation with SFA (p = 0.890) or VFA (p = 0.106). A non-significant 0.8% increase in the hazard of death with
unit increase in BMI (p = 0.086) was observed. BMI values were not predictive of a longer survival for patients
with BEV vs placebo (p = 0.606).

Conclusion. Measures of adiposity strongly correlated to one another but were not predictive of efficacy for
BEV. VFA is a weak prognostic factor.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Epithelial ovarian cancer (EOC) is diagnosed in >22,000 women in
the United States each year and results in approximately 14,000 deaths
annually [1]. There is a need to identify predictive biomarkers of thera-
peutic agents used to treat this deadly disease. Advances in the under-
standing of the molecular pathogenesis of EOC have highlighted the
importance of the expression of growth factors, such as vascular endo-
thelial growth factor (VEGF), in the promotion of tumor growth, ascites
and metastases. Consequently, VEGF inhibition has become an attrac-
tive therapeutic target in patients with metastatic EOC, and pharmaco-
logic agents targeting VEGF, such as BEV, have been evaluated in the
treatment of EOC in several randomized phase Il trials. The Gynecologic
Oncology Group (GOG) 218 was a 3 arm study that compared pacli-
taxel/carboplatin/placebo and placebo maintenance (maximum 22
treatment cycles) versus paclitaxel/carboplatin/BEV and placebo main-
tenance vs. carboplatin/paclitaxel/BEV and BEV maintenance in the
first-line setting [2]. Progression-free survival (PFS) benefit was seen
only in women who received concurrent and maintenance BEV com-
pared with chemotherapy alone and there was no difference in overall
survival (OS) [2]. ICON7 also evaluated incorporation of BEV into first-
line therapy with a 2 arm trial of carboplatin/paclitaxel/BEV and BEV
maintenance vs. carboplatin/paclitaxel/placebo and placebo mainte-
nance [3]. Similar to GOG 218, PFS was enhanced in the BEV arm versus
chemotherapy alone and showed only a trend towards improved OS [3].
Subgroup analysis of high risk patients in ICON7 did suggest an OS ad-
vantage leading to approval of incorporation of BEV into front line ther-
apy by the European Medicines Agency (EMA) in this sub-population
[4]. Incorporation of BEV into front line therapy based on GOG 218
data was approved by US Food and Drug Administration (FDA) in June
2018. The results of GOG 218 and ICON7 raise questions regarding pa-
tient selection, optimal dose and schedule for anti-angiogenic therapy.
There is a lack of reliable indicators to predict which patients will benefit
most from BEV-based therapy.

Obesity is a known risk factor for the development of many different
types of cancer [5]. The mechanistic association of obesity with malig-
nancy is incompletely understood, but may involve the production of
factors that may promote tumor growth such as VEGF and
angiopoeitin-2 by adipose tissue [6,7] and increased levels of insulin
and insulin-like growth factor 1 (IGF-1). Obesity can be measured by
body mass index (BMI) and defined into 3 classes: class I obesity BMI
30-34, class I BMI 35-40, and class IIl BMI > 40. Obesity can also be de-
fined by computed tomography (CT) by measuring visceral fat area
(VFA) and subcutaneous fat area (SFA) on the same section [8,9]. Addi-
tionally, an increasing body of evidence indicates that cytokine produc-
tion profiles differ between subcutaneous and visceral fat and these
differential levels may play a role in the cytokine milieu that impacts
cancer behavior [7,10,11]. In particular, ovarian cancer has the propen-
sity to metastasize to the omentum, which may be related to fat-driven
signaling.

Recognizing that obesity is associated with increased circulating
levels of VEGF, a key regulator of tumor angiogenesis and the main tar-
get of BEV, Guiu et al. tested the hypothesis that excess body fat ad-
versely impacts outcomes in patients with metastatic colorectal cancer
undergoing primary treatment with BEV-based chemotherapy [12].
Compared to patients treated with conventional chemotherapy, obese
patients treated with BEV had poorer response rates, shorter PFS and
0S, specifically those obese patients with high visceral fat area (VFA).

In a pilot study we found that among patients with EOC treated with
front-line BEV-based chemotherapy those with high BMI had a
significantly shorter PFS compared to those with low BMI (10.0 vs
20.9 months). On univariate and multivariate Cox regression neither
BMI, SFA nor VFA were predictive of PFS or OS in the chemotherapy
group. However, in the BEV group BMI was significantly associated
with PFS (p = 0.02). After accounting for age, stage, and residual disease
the adjusted HR was 5.16 (95% CI 1.31-20.24) for high vs. low BMI.

Additionally in the BEV group SFA was significantly associated with OS
(p = 0.03). After accounting for age, stage, and residual disease the ad-
justed HR was 3.58 (95% CI 1.12-11.43) for high vs. low SFA [17]. These
results suggest advanced EOC patients with high levels of adiposity may
not derive benefit from BEV and that measurements of adiposity before
starting first-line BEV-based treatment may be a useful prognostic bio-
marker. We sought to validate and extend these findings among pa-
tients prospectively enrolled and treated on GOG 218 in an ancillary
data analysis. To evaluate the predictive relationship of adiposity with
BEV treatment patients randomized to chemotherapy (CT) + placebo
(P) + maintenance P and CT + BEV (B) + maintenance B were
analyzed.

2. Methods

This was an analysis of patients who were enrolled in GOG 218. The
details of inclusion and exclusion criteria were reported in the original
manuscript [2]. All patients gave written informed consent prior to
study entry in compliance with local institutional review board and fed-
eral guidelines. Institutional Review Board and Institutional Biosafety
Committee approvals were obtained at each institution, and all eligible
patients signed an informed consent before study entry in compliance
with institutional, state, and federal regulations. Permission to perform
this retrospective analysis was obtained from the GOG.

Pre-treatment computed tomography (CT) scans for 1538/1873
(82%) of participants of GOG 218 met radiologic inclusion criteria and
were used in this analysis. VFA and SFA were measured using a vali-
dated protocol on CT scans performed after primary cytoreductive
surgery but before chemotherapy initiation as described by Yoshizumi
et al. [9]. Briefly, at the level of the umbilicus, we measured cross-
sectional area in cm? of the subcutaneous and visceral compartments
with pixel attenuation restricted to —140 to —40 Hounsfield unit
range (CT equivalent of fat density). The measurements were per-
formed by a radiologist blinded to patient outcome information.

Proportional hazards models were used to assess the association be-
tween adiposity and OS. These multivariate models for OS were speci-
fied with main effects for the continuous adiposity measures. All
estimates were adjusted for the possible confounding effects of assigned
study regimen, performance status, stage (FIGO stage IIl vs IV) and re-
sidual disease status (<1 cm vs >1 cm). Patients' adiposity values were
categorized by deciles or quartiles in order to graphically display the re-
lationships between adiposity values and OS. When the prognostic as-
sociation between adiposity score and OS was assessed all 1538
patient were used in the analysis. When the predictive relationship
with BEV treatment is assessed, only the 1019 patients who were ran-
domized to chemotherapy (CT) + placebo (P) + maintenance P and
CT + BEV (B) + maintenance B were included in the analysis. The pre-
dictive relationship of each adiposity score was assessed with a propor-
tional hazards model which included an interaction term between the
continuous adiposity score and the dichotomous bevacizumab treat-
ment indicator.

3. Results

Demographic and tumor characteristic distributions for patients in-
cluded in this analysis as shown in Table 1 did not differ from the entire
cohort as published in the primary manuscript.

The median BMI was 26 (range 15-61). Mean SFA was 276.9 cm? (&
124.9) and VFA was 107.7 cm? (£66.7). Not surprisingly, there was a
strong correlation among the various measures of adiposity as demon-
strated in Fig. 1a and b between BMI and SFA (Pearson correlation coef-
ficient, r = 0.800) and VFA (r = 0.681), respectively) (Fig. 1).

There was a non-significant 0.8% increase in the hazard of death as-
sociated with an increase BMI (p = 0.086) by 1 unit, after adjusting for
treatment, size of residual disease, stage of disease and performance
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status. In addition, a test of BEV treatment and BMI (measured value) in-
teraction was not statistically significant (p = 0.606).

There was no significant association between the hazard of death
(HR) and SFA after adjusting for stage, treatment, and performance sta-
tus (p = 0.981). There was similarly no association between the BEV vs
no BEV treatment HR and SFA (p = 0.890).

There was an estimated 0.1% increase in the hazard of death associ-
ated with a 1 unit increase in VFA after adjusting for treatment, residual
disease, stage of disease and performance status, but this was not statis-
tically significant (p = 0.062). Note the inconsistency in the order of
survival between the 2nd and 3rd quartiles in the Kaplan-Meier plot
(Fig. 2). If patients are grouped by the quartiles of VFA, then a logrank
test indicated that there was a statistically significant difference in OS
among groups (p = 0.031), but it appeared that the differences in sur-
vival times were primarily at the extreme values of the VFA.

There appears to be a slight increase in the relative hazard of death
associated with increasing deciles of VFA (Fig. 3). Once again, however,
we observed the inconsistency in the order of log relative hazards in the
middle ranges of deciles, and the slight differences in hazards were pri-
marily seen among those with the highest and lowest VFA values.

When evaluating VFA as a predictive biomarker for use of BEV, there
was weak evidence that patients with lower VFA values (1st and 2nd
deciles) tended to have longer survival when treated with BEV com-
pared to placebo. However, a test of BEV treatment and VFA value inter-
action was not statistically significant (p = 0.106) (Fig. 4).

Table 1
Demographics.
Characteristic Treatment Regimen Total
(T+P-» CT+B- C(T+B-
P P B

N % N % N % N %

Age group
<40 26 52 13 25 14 27 53 34
40-49 66 13.1 71 13.7 87 168 224 146
50-59 157 313 172 331 168 325 497 323
60-69 170 339 170 328 156 302 496 322
70-79 78 155 79 152 83 161 240 15.6
>80 5 10 14 27 9 17 28 1.8
Race/ethnicity
Non-Hispanic Black 22 44 23 44 23 44 68 44
Non-Hispanic White 421 839 431 83.0 438 847 1290 839
Hispanic 19 38 22 42 18 35 59 3.8
Asian 29 58 32 62 29 56 90 59
Pacific Islander 5 1.0 2 04 1 02 8 0.5
A.Indian/Alaska N. 2 04 2 04 2 04 6 0.4
Other 1 02 0 0 0 0 1 0.1
Not specified 3 06 7 13 6 1.2 16 1.0
Performance status
0 253 504 259 499 254 49.1 766 49.8
1 216 43.0 228 439 225 435 669 435
2 33 66 32 62 38 74 103 6.7
Primary site
Ovary 406 809 422 813 434 839 1262 821
Fallopian tube 8 16 14 27 10 19 32 2.1
Primary peritoneum 88 175 83 160 73 141 244 159
Histology and grade
Papillary serous 431 859 433 834 440 851 1304 848
Endometrioid 17 34 12 23 19 37 48 31
Clear cell carcinoma 10 20 19 37 16 3.1 45 29
Mucinous adenocarcinoma 5 1.0 5 1.0 3 06 13 0.8
Adenocarcinoma, NS 4 08 7 13 7 14 18 1.2
Transitional cell carcinoma 3 06 9 17 3 06 15 1.0
Mixed adenocarcinoma 23 46 27 52 20 39 70 4.6
Undiff. carcinoma 5 1.0 4 08 7 14 16 1.0
Other/not specified 4 08 3 06 2 04 9 0.6
Stage/residual size
[lI-optimal 178 355 180 34.7 180 348 538 35.0
[lI-suboptimal 202 402 208 40.1 204 395 614 399
v 122 243 131 252 133 257 386 25.1
Total 502 326 519 33.7 517 33.6 1538 100.0

a SFA vs BMI
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Fig. 1. Scattergram of BMI, SFA (a) and BMI, VFA (b) with penalized B spline.

4. Discussion

In this study of patients prospectively enrolled on a phase III trial,
measures of adiposity were strongly correlated to one another but
weakly prognostic of ovarian cancer outcomes or predictive of response
to BEV. The trend towards better survival with BEV among lower levels
of VFA and BMI of patients treated on GOG 218 are consistent with our
pilot data [17]. There is an established link between obesity and cancer;
the definition of obesity is controversial and it is unclear whether BMI is
the most appropriate measure of obesity. It has been suggested that BMI
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Fig. 2. Overall Survival by Quartile of visceral fat area (VFA).
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Fig. 3. Progression free survival (PFS) log hazard ratio by decile of visceral fat area (VFA).

provides and incomplete measure of body fat distribution, failing to dis-
tinguish between visceral and subcutaneous fat [18]. Abdominal fat can
be measured on CT and additional measurements of adiposity, VFA and
SFA, can be accurately quantified [9]. Of note, it has been proposed that
chemotherapy doses may be better calculated based on visceral adipos-
ity than BMI is patients with rectal cancer [19,20]. In patients with colo-
rectal cancer treated with BEV, increased VFA was associated with
worse prognosis and OS, and this study suggested the utility of VFA as
a biomarker for antiangiogenic therapy [12]. Higher levels of obesity
are seen in the colorectal population, perhaps contributing to the differ-
ences seen with ovarian cancer patients.

In an ancillary analysis of two large phase III studies (CAIRO and
CAIRO2) of patients with advanced colorectal cancer, Simkens et al.
showed body mass index (BMI) was an independent prognostic factor
for longer survival in patients receiving chemotherapy, but not in pa-
tients receiving chemotherapy plus BEV, postulating a decreased effi-
cacy of BEV in obese patients [13]. Additionally, high VFA has been
shown to be independently associated with shorter time-to-
progression and OS in patients given first-line anti-angiogenic agents
for metastatic renal cell carcinoma [14]. Conversely, a study by Choueiri

et al. evaluated the effect of BMI and body surface area (BSA) on the
prognosis of metastatic renal cell carcinoma patients treated with
VEGF-targeted therapy (sunitinib, sorafenib, and BEV) [15]. They
found that obesity (measured by high BMI and BSA) was independently
associated with better clinical outcomes. Also evaluating patients with
metastatic renal cell carcinoma, Steffens et al. found that high VFA was
a significant predictor of longer PFS and OS [16]. One theory for the pref-
erential decrease in efficacy for patients with high VFA treated with BEV
is that peripheral VEGF is adipose tissues bind and neutralize the thera-
peutic antibody and thus exerts less effect on local tumor VEGF.
Adipose tissue contains specific adipocytokines including
adiponectin, leptin, resistin, and visfatin [21]. The anti-inflammatory
adipocytokine adiponectin is decreased in persons with large amounts
of visceral fat. Additionally, adiponectin has been shown to be
antiangiogenic and have anti-tumor effects [22]. In order to vascularize
large amounts of adipose tissue, obesity is associated with increased
levels of pro-angiogenic cytokines, including VEGF, angiopoietin-2 and
angiogenin [6]. This pre-existence of up-regulated pro-angiogenic cyto-
kines may confer resistance to BEV. Additional theories for mechanisms
of resistance include the up-regulation of inflammatory cytokines in
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obese patients which can offer vascular protection [23]. Further, inflam-
matory cytokines can inhibit the induction of vasohibin-1 (VASH1),
which normally serves to inhibit angiogenesis; and thus angiogenesis
may continue in an unchecked fashion in obese patients [24].

This study is the first to investigate the role of BMI, SFA, and VFA and
its association with VEGF-targeted chemotherapy outcomes in EOC
from a large prospective randomized phase III trial. Although the find-
ings did not confirm the hypothesis there are encouraging trends to-
wards better survival with BEV among patients with lower VFA and
BMIL. The results provide some support for the theory of “adiposity” as
a possible prognostic biomarker for treatment with anti-angiogenic
therapy. Further refinements in measuring adiposity may provide
more definitive evidence for the use of adiposity as a predictive or prog-
nostic biomarker. Limitations of our study include the relatively small
number of patients at the extremes of VFA and BMI. In our pilot data
the median BMI was higher than the current study, providing a possible
explanation for why this data was not confirmatory of the original re-
search. Additionally, a single radiologist performed the measurements
of SFA and VFA. Ideally multiple radiologic reviews would have been
completed to limit the bias of intra-observer variability.

In conclusion, our results provide potential evidence that measure-
ments of adiposity before starting first-line BEV-based chemotherapy
may be a simple prognostic biomarker in patients with EOC. If further
studies expand upon these results it may influence stratification schema
for future clinical trials, BEV dosing strategies, and the evaluation of new
anti-angiogenic agents in obese patients.

Author contributions

Study concept and design: K.N. Slaughter, M.F. Brady, R. Salani, K.S.
Tewari, H,J. Gray, J.N. Bakkum-Gamez, R.A. Burger, K.N. Moore and
M.A. Bookman.

Provision of materials or patients: K.N. Slaughter, M.F. Brady, R.
Salani, K.S. Tewari, H.J. Gray, ]J.N. Bakkum-Gamez, R.A. Burger, K.N.
Moore and M.A. Bookman.

Acquisition of data: K.N. Slaughter, M.F. Brady, R. Salani, K.S. Tewari,
H,J. Gray, J.N. Bakkum-Gamez, R.A. Burger, K.N. Moore and M.A. Bookman.

Analysis and interpretation of data: K.N. Slaughter, M.F. Brady, T.
Thai, Y. Wang, B. Zheng, R. Salani, K.S. Tewari, HJ. Gray, J.N. Bakkum-
Gamez, RA. Burger, K.N. Moore and M.A. Bookman.

Manuscript writing: K.N. Slaughter, M.F. Brady, T. Thai, Y. Wang, B.
Zheng, R. Salani, K.S. Tewari, H,J. Gray, J.N. Bakkum-Gamez, R.A. Burger,
K.N. Moore and M.A. Bookman.

Critical review of the manuscript: K.N. Slaughter, M.F. Brady, T. Thai,
Y. Wang, B. Zheng, R. Salani, K.S. Tewari, HJ. Gray, J.N. Bakkum-Gamez,
R.A. Burger, K.N. Moore and M.A. Bookman.

Final approval of manuscript: K.N. Slaughter, M.F. Brady, T. Thai, Y.
Wang, B. Zheng, R. Salani, K.S. Tewari, H.J. Gray, ].N. Bakkum-Gamez,
R.A. Burger, K.N. Moore and M.A. Bookman.

Funding

NCI Grant to NRG Oncology/GOG (U10CA180822), NRG Operations
Grant (U10CA180868) and NCORP Grant UG1CA189867.

This original research was presented in part at the 48th Annual
Meeting of the Society of Gynecologic Oncology, National Harbor, MD,
March 12-15, 2017.

Declaration of Competing Interest

The authors wish to report that there is no conflict of interest to dis-
close with the exception of Dr. Krishnansu Tewari who reports that he
has participated on two Advisory Boards for Genentech and that his in-
stitution, UC Irvine Medical Center, participated in the GOG-0218 study.
Additionally, Dr. Robert Burger reports having received personal fees
from each of the following: Amgen, Astra Zeneca, Tesaro, Genentech,

Clovis Oncology, Roche, Gradalis, Invitae, Janssen, Merck, Morphotek
and VBL Therapeutics, outside of the submitted work. Finally, Dr.
Kathleen Moore reports other from Clovis, other from Astra Zeneca,
other from Tesaro, other from Immunogen, other from Genentech/
Roche, other from VBL Therapeutics, other from Merck, outside of the
submitted work.

Acknowledgements

This study was supported by National Cancer Institute grants NRG
Oncology SDMC grant U10CA180822, UG1CA189867 (NCORP) and the
NRG Oncology Operations grant UT0CA180868. The clinical trial upon
which this manuscript is based was sponsored by the Cancer Therapy
Evaluation Program (CTEP) of the National Cancer Institute (NCI), under
the Collaborative Research and Development Agreement (CRADA) for
BEV between NCI and Genentech, Inc.

The following NRG Oncology/Gynecologic Oncology Group member
institutions participated in the primary treatment studies: Cancer Trials
Support Unit, University of Oklahoma Health Sciences Center, Ohio State
University Comprehensive Cancer Center, University of California Med-
ical Center At Irvine-Orange Campus, Abramson Cancer Center of The
University of Pennsylvania, Mayo Clinic, Walter Reed National Military
Medical Center, Saitama Medical University International Medical Cen-
ter, Gynecologic Oncology Network/Brody School of Medicine, Univer-
sity of Alabama at Birmingham, Rush University Medical Center,
University of Kentucky, University of lowa Hospitals and Clinics, Fred
Hutchinson Cancer Research Center, University of Chicago, Yale Univer-
sity, Metro-Minnesota CCOP, Duke University Medical Center, Cleveland
Clinic Foundation, Washington University School of Medicine, Women's
Cancer Center of Nevada, University of Mississippi Medical Center, Fox
Chase Cancer Center, University of North Carolina at Chapel Hill, Cooper
Hospital University Medical Center, University of Hawaii, Indiana Uni-
versity Hospital/Melvin and Bren Simon Cancer Center, Seoul National
University Hospital, The Hospital of Central Connecticut, Roswell Park
Cancer Institute, Abington Memorial Hospital, Mount Sinai School of
Medicine, Northwestern University, Women and Infants Hospital, Uni-
versity of Colorado Cancer Center - Anschutz Cancer Pavilion, University
of California at Los Angeles Health System, Wake Forest University
Health Sciences, University of New Mexico, Stony Brook University
Medical Center, University of Virginia, Case Western Reserve University,
Fletcher Allen Health Care, Georgia Center for Oncology Research and
Education (CORE), Cancer Research for the Ozarks NCORP, Wayne State
University/Karmanos Cancer Institute, University of Minnesota Medical
Center-Fairview, Northern Indiana Cancer Research Consortium, Tufts-
New England Medical Center, University of Pittsburgh Cancer Institute
(UPCI), State University of New York Downstate Medical Center, M D
Anderson Cancer Center, Moffitt Cancer Center and Research Institute,
University of Wisconsin Hospital and Clinics, University of Texas — Gal-
veston, Gynecologic Oncology of West Michigan PLLC, Carle Cancer Cen-
ter, Cancer Research Consortium of West Michigan NCORP, Central
[llinois CCOP, Virginia Commonwealth University, Saint Vincent Hospi-
tal, Penn State Milton S Hershey Medical Center, New York University
Medical Center, Michigan Cancer Research Consortium Community
Clinical Oncology Program, Northern New Jersey CCOP, University of
Cincinnati, Memorial Sloan Kettering Cancer Center, University of Mas-
sachusetts Memorial Health Care, Aurora Women's Pavilion of Aurora
West Allis Medical Center, Kansas City CCOP, Wisconsin NCI Community
Oncology Research Program, Missouri Valley Cancer Consortium CCOP,
Delaware/Christiana Care CCOP, William Beaumont Hospital, Saint
Louis-Cape Girardeau CCOP, and Wichita CCOP.

References

[1] R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2018, CA Cancer ]. Clin. (2018)
https://doi.org/10.3322/caac.21442.

[2] RA. Burger, M.F. Brady, M.A. Bookman, et al., Phase III trial of BEV (BEV) in the pri-
mary treatment of advanced epithelial ovarian cancer (EOC), primary peritoneal


https://doi.org/10.3322/caac.21442
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0010
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0010
https://doi.org/10.1016/j.ygyno.2019.07.020

74

[3

[4

(5]

6

(7

8

[9

[10]

(1]

[12]

[13]

K.N.S. Wade et al. / Gynecologic Oncology 155 (2019) 69-74

cancer (PPC), or fallopian tube cancer (FTC): a Gynecologic Oncology Group study, J.
Clin. Oncol. 28 (18) (2010) suppl. LBA1.

Perren T, Swart AM, Pfisterer ], et al. ICON7: a phase IIl randomised gynaecologic
cancer intergroup trial of concurrent BEV and chemotherapy followed by mainte-
nance BEV, versus chemotherapy alone in women with newly diagnosed epithelial
ovarian (EOC), primary peritoneal (PPC) or fallopian tube cancer (FTC). Ann. Oncol.
21 (201) viii2-viii3.

EMA Approval: Avastin Authorization Details, ema.europa.eu/ema/index.jsp%
3Fcurl=pages/medicines/human/medicines//000582/human_med_000663.jsp,
Accessed date: 13 January 2016.

A.G.Reneham, M. Tyson, M. Egger, R.F. Heller, M. Zwahlen, Body mass index and in-
cidence of cancer: a systematic review and meta-analysis of prospective observa-
tional studies, Lancet 381 (2008) 569-578.

J.V.Silha, M. Krsek, P. Sucharda, et al., Angiogenic factors are elevated in overweight
and obese individuals, Int. J. Obes. 29 (2005) 1308-1314.

S. Miyazawe-Hoshimoto, K. Takahashi, H. Bujo, et al., Elevated serum vascular endo-
thelial growth factor is associated with visceral fat accumulation in human obese
subjects, Diabetologia 46 (2003) 1483-1488.

K. Tokunaga, Y. Matsuzawa, K. Ishikawa, et al., A novel technique for the determina-
tion of body fat by computed tomography, Int. J. Obes. 7 (1983) 437-445.

T. Yoshizumi, T. Makamura, M. Yamane, et al., Abdominal fat: standardized tech-
nique for measurement at CT, Radiology 211 (1999) 283-286.

S.C. Modesitt, J.Y. Hsu, S.R. Chowbina, et al., Not all fat is equal differential gene ex-
pression and potential therapeutic targets in subcutaneous adipose, visceral adi-
pose, and endometrium of obese women with and without endometrial cancer,
Int. J. Gynecol. Cancer 22 (2012) 32-41.

E. Dusserre, P. Moulin, H. Vidal, Differences in mRNA expression of the proteins se-
creted by the adipocytes in human subcutaneous and visceral adipose tissues,
Biochem. Biophys. Acta 1500 (2000) 88-96.

B. Guiu, ].M. Petit, F. Bonnetain, et al., Visceral fat area is an independent predictive
biomarker of outcome after first-line BEV-based treatment in metastatic colorectal
cancer, Gut 59 (2010) 341-347.

L. Simkens, M. Koopman, L. Mol, et al., Influence of body mass index on outcomes in
advanced colorectal cancer patients receiving chemotherapy with or without
targeted therapy, Eur. J. Cancer 47 (2011) 2560-2567.

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

S. Ladoire, F. Bonnetain, M. Gauthier, et al., Visceral fat area as a new independent
predictive factor of survival in patients with metastatic renal cell carcinoma treated
with antiangiogenic agents, Oncologist 16 (2011) 71-81.

Choueiri TK, Xie W, Kollmannsberger CK, et al. The impact of body mass index (BMI)
and body surface area (BSA) on treatment outcome to vascular endothelial growth
factor (VEGF)-targeted therapy in metastatic renal cell carcinoma: results from a
large international collaboration [abstract 4524]. Presented at the 2010 American
Society of Clinical Oncology Annual Meeting, Chicago, Illinois, June 4-8, 2010.

S. Steffens, V. Grunwald, K. Ringe, et al., Does obesity influence the prognosis of met-
astatic renal cell carcinoma in patients treated with vascular endothelial growth fac-
tor — targeted therapy? Oncologist 16 (2011) 1565-1571.

K. Slaughter, T. Thai, S. Penaroza, et al., Measurements of adiposity as clinical bio-
markers for first-line BEV-based chemotherapy in epithelial ovarian cancer,
Gynecol. Oncol. 133 (2014) 11-15.

J.L. Kuk, S. Lee, S.B. Heymsfield, et al., Waist circumference and abdominal adipose
tissue distribution: influence of age and sex, Am. J. Clin. Nutr. 81 (2005) 1330-1334.
H.G. Moon, Y.T. Ju, C.Y. Jeong, et al., Visceral obesity may affect oncologic outcome in
patients with colorectal cancer, Ann. Surg. Oncol. 15 (2008) 1918-1922.

W. Clark, E.M. Siegel, Y.A. Chen, et al., Quantitative measures of visceral adiposity
and body mass index in predicting rectal cancer outcomes after neoadjuvant che-
moradiation, J. Am. Coll. Surg. 216 (2013) 1070-1081.

H. Tilg, AR. Moschen, Adipocytokines: mediators linking adipose tissue, inflamma-
tion and immunity, Nat. Rev. Immunol. 6 (2006) 772-783.

E. Brakenhielm, N. Veitonmaki, R. Cao, et al., Adiponectin-induced antiangiogenesis
and antitumor activity involve caspase-mediated endothelial cell apoptosis, Proc.
Natl. Acad. Sci. U. S. A. 101 (2004) 2476-2481.

G. Bergers, D. Hanahan, Modes of resistance to anti-angiogenic therapy, Nat. Rev.
Cancer 8 (2008) 592-603.

Y. Sato, The vasohibin family: a novel family for angiogenesis regulation, J. Biochem.
153 (2013) 5-11.


http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0010
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0010
http://ema.europa.eu/ema/index.jsp%3fcurl=pages/medicines/human/medicines/000582/human_med_000663.jsp
http://ema.europa.eu/ema/index.jsp%3fcurl=pages/medicines/human/medicines/000582/human_med_000663.jsp
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0020
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0020
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0020
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0025
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0025
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0030
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0030
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0030
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0035
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0035
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0040
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0040
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0045
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0045
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0045
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0045
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0050
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0050
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0050
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0055
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0055
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0055
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0060
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0060
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0060
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0065
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0065
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0065
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0070
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0070
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0070
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0075
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0075
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0075
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0080
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0080
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0085
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0085
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0090
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0090
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0090
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0095
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0095
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0100
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0100
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0100
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0105
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0105
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0110
http://refhub.elsevier.com/S0090-8258(19)31409-X/rf0110
https://doi.org/10.1016/j.ygyno.2019.07.020

	Measurements of adiposity as prognostic biomarkers for survival with anti-�angiogenic treatment in epithelial ovarian cance...
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Author contributions
	Funding
	Declaration of Competing Interest
	Acknowledgements
	References




