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Abstract

Purpose.—Increasing measures of adiposity have been correlated with poor oncologic outcomes
and a lack of response to anti-angiogenic therapies. Limited data exists on the impact of
subcutaneous fat density (SFD) and visceral fat density (VFD) on oncologic outcomes. This
ancillary analysis of GOG-218, evaluates whether imaging markers of adiposity were predictive
biomarkers for bevacizumab (bev) use in epithelial ovarian cancer (EOC).

"Corresponding author at: The University of Oklahoma Health Science Center, Stephenson Cancer Center, 800 NE 10th Street, Suite
5050, Oklahoma City, OK 73014, United States of America. MEBuechel@gmail.com (M.E. Buechel).
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Patients and methods.—There were 1249 patients (67%) from GOG-218 with imaging
measurements. SFD and VVFD were calculated utilizing Hounsfield units (HU). Proportional
hazards models were used to assess the association between SFD and VFD with overall survival

(08).

Results.—Increased SFD and VFD showed an increased HR for death (HR per 1-SD increase
1.12, 95% CI:1.05-1.19 p=0.0009 and 1.13, 95% CI: 1.05-1.20 p= 0.0006 respectively). In the
predictive analysis for response to bev, high VFD showed an increased hazard for death in the
placebo group (HR per 1-SD increase 1.22, 95% CI: 1.09-1.37; p= 0.025). However, in the bev
group there was no effect seen (HR per 1-SD increase: 1.01, 95% CI: 0.90-1.14) Median OS was
45 vs 47 months in the VFD low groups and 36 vs 42 months in the VFD high groups on placebo
versus bev, respectively.

Conclusion.—High VFD and SFD have a negative prognostic impact on patients with EOC.
High VFD appears to be a predictive marker of bev response and patients with high VFD may be
more likely to benefit from initial treatment with bev.

Keywords

Ovarian cancer; Bevacizumab; Imaging biomarkers; Plasma biomarkers

1. Introduction

Ovarian cancer will have approximately 22,530 new cases and 13,980 deaths expected in
2019 in the US, making it the most deadly gynecologic malignancy [1]. Epithelial ovarian
cancer (EOC) is the most common subtype encompassing serous, mucinous, clear cell, and
endometrioid histologies. Standard therapy for newly diagnosed EOC consists of a
combination of surgery and chemotherapy. The backbone of chemotherapy involves the
combination of carboplatin and paclitaxel. While the optimal route and schedule of these
drugs is still under debate, there still exists a great need to improve long term, disease free
survival.

Utilizing angiogenesis inhibitors has been one such strategy for improvement. It has been
established that vascular endothelial growth factor (VEGF) levels are higher in EOC patients
and is an independent predictor of worse survival [2]. Bevacizumab (bev) is the most
extensively studied anti-angiogenic agent to date in EOC. As a result of several randomized
phase 3 trials (RPh3), bev has been FDA approved in both front line and platinum sensitive
recurrent disease concurrent with chemotherapy and as maintenance [3-8]. In addition, it is
approved concurrent with non-platinum based therapy in platinum resistant disease [9]. With
increasing use of bev in front line therapy, retrospective and now prospective data confirm
continued benefit in patients previously treated with for bev without added toxicity [10,11].

While an active agent, the benefit from the addition of bev is modest and, to date, there have
been no validated predictive biomarkers. There are many different types of biomarkers to
help clinicians reliably predict response to a therapy. Clinical features, tumor characteristics,
and serum markers are all being explored to help predict response to anti-angiogenic
therapy. In addition, measures of adiposity, which include both clinical features such as
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BMI, as well as imaging characteristics such as visceral and subcutaneous fat area (VFA and
SFA) and density (SFD and VSD) are being investigated as biomarkers for response to anti-
angiogenic therapy. Increasing measures of adiposity have been shown to correlate with not
only the development of various malignancies but also with poor oncologic outcomes and a
lack of response to antiangiogenic therapies [12]. In melanoma, a high VFA/SFA ratio was
associated with decreased PFS and OS in patients treated with anti-angiogenic therapy [13].
Contradictory reports exist in colon cancer patients with one study showing a high VFA
predicting a poor response to anti-angiogenic therapy, and another showing a low VFA
predicting worse OS in those treated with bev based therapies [14,15]. In patients with renal
cell carcinoma, higher VFA has been shown to show worse response to anti-angiogenic
therapy but also improved OS [16,17]. More recently measures of adiposity have also been
shown to improve response to patient with platinum resistant EOC treated with apatinib,
another angiogenic inhibitor [18].

While these studies have shown conflicting results, they have focused solely on fat area and
not the quality of the fat. Fat “quality” including adipocyte size, distribution of
macrophages, and vessel density have been shown to correlate with metabolic risk but these
characteristics are only assessable by invasive biopsies [19]. Therefore, fat density has been
hypothesized to serve as a non-invasive marker of fat quality. Density on CT scan is
measured in Hounsfeld Units (HU) where the density of water is 0 HU and the density of air
is —1000 HU. Previous studies have shown that lower HU measurements for fat is associated
with higher lipid content and has been shown to be associated with adverse metabolic risk
factors [19].

It has been hypothesized that obesity-related diseases are related to the inflammatory profile
produced by adipose tissue. Increasing macrophages and upregulation of cytokines such as
TNF-alpha have been linked to obesity related comorbidities [20,21]. Therefore, we
hypothesized that patients with increasing fat density and changes in fat quality may have
upregulation of these pro-inflammatory pathways. Previous data presented by Alvarez
Secord et al. demonstrated that IL-6, one such pro-inflammatory cytokine, was linked to bev
response [22]. This analysis, also an ancillary analysis of a subset of patients on GOG-218,
reported that patients with high IL-6 benefitted from the addition of treatment of bev with an
improvement in PFS, while those with low IL-6 did not. In another ancillary study of
GOG-218, high tumor VEGF-A expression was been correlated with improvement in OS in
those treated with bev [23].

Given the need for a cost-effective and accessible biomarker for utilization of anti-
angiogenic therapies, one objective of our study was to investigate if visceral and
subcutaneous fat density were prognostic of response to bev in EOC. Secondarily, our study
examined the utility of these imaging biomarkers to predict a patient’s response to bev in
EOC and be applied clinically as predictive markers. We also sought to see if these
measurements correlated with other pro-inflammatory serum biomarkers previously studied
in the same clinical trial population.

Gynecol Oncol. Author manuscript; available in PMC 2022 May 01.
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2. Patients and methods

This was post hoc, ancillary analysis of GOG-218, which was an RPh3 double-blinded
placebo controlled trial whose full methodology has been previous published [6]. Briefly, the
study included stage 111 (incompletely resected) or stage IV EOC patients who were post
cytoreductive surgery and then randomized to one of three chemotherapy arms. All arms
utilized the same backbone of carboplatin AUC 6 and paclitaxel 175 mg/m? Arm 1 included
chemotherapy with placebo followed by placebo maintenance (CT+ P — P). Arm 2
combined chemotherapy with bev 15 mg/m? 1V every 3 weeks, followed by placebo
maintenance (CT + B — P). Arm 3 combined chemotherapy with bev followed by bev
maintenance for cycles 2-22 (CT + B — B). The study randomized 1873 patients of whom,
1249 had adiposity measurements available and were utilized in this study. Clinical data
from GOG-218 was retrieved on December 9, 2015.

For the imaging portion, The University of Oklahoma imaging core (two radiologists)
reviewed all available imaging and were blinded to treatment information. VFA/VFD and
SFA/SFD were measured on computed tomography (CT) scans performed after primary
debulking surgery but before chemotherapy administration. A computer-aided detection
(CAD) scheme was applied to process the CT images of each patient as shown in Fig. 1.
CAD scheme first applies a deep learning algorithm to automatically detect abdominal
region depicting on CT images volume of interest and then segment images of human body
in each CT slide into 3 categories of SFA, VFA and other non-fat related human organs or
tissues, which use densities =140 HU to —40 HU as the threshold to define the subcutaneous
and visceral fat areas. After segmentation, the cross-sectional subcutaneous and visceral fat
area was calculated in cm? in each CT slide. Density was calculated based on the sum of
pixel values multiplied to pixel size. By combining the computation results of all involved
CT slides in the abdominal region, the volume of SFA and VFA of each patient are
computed. The details of the CAD scheme has been reported in our previous studies [24,25].

For the biomarker analysis, 1L-6 and VEGF-A were assessed by multiplex ELISA as
previously described [22].

Statistical analysis was performed by the NRG Oncology statistical core. Descriptive
statistics were calculated for age, BMI, SFA, SFD, VFA, and VFD. Kruskal-Wallis
nonparametric ANOVA test used to assess differences between treatment groups.
Proportional hazard models were used to assess the association between OS and BMI and
adiposity variables. Models were adjusted for treatment, stage, and performance status.
Analysis of the predictive value on bevacizumab response was only assessed on the 851
patients randomized to Arm 1 or 3 (CT+ P — P) or (CT + B — B), respectively.
Correlations were assessed using the Spearman correlation method. Statistical significance
was met for p-values less than 0.05. All statistical analysis was completed with SAS version
9.4 (Cary, NC).

Gynecol Oncol. Author manuscript; available in PMC 2022 May 01.
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3. Results

Demographics from this cohort did not differ statistically from the entire group included in
GOG-218 where baseline demographics and tumor characteristics were evenly distributed
between treatment groups. Table 1 summarizes the demographic variables of this cohort.

Table 2 shows the descriptive statistics of the adiposity measures. There were no statistically
significant differences in distribution of these characteristics across treatment groups. Fat
density is reported as a negative number. Larger numbers, or less negative numbers, reflect
more dense fat. There was no effect of BMI, SFA, or VFA on oncologic outcomes. However,
both density measures did show a statistically significant impact on OS (Table 3). An
increase in SFD had a significant increase in the hazards of death with a HR of 1.12 (95%
confidence interval (Cl): 1.05-1.19) for each 1-standard deviation (SD) increase. VFD is
also associated with an increased hazard ratio of death with a HR of 1.13 (95% CI: 1.05-
1.20) for each 1-SD increase.

Each of these variables were categorized into quartiles and Kaplan-Meier OS curves were
created (Fig. 2). Fig. 2A shows no difference in OS as BMI increases. Fig. 2B—C also show a
lack of association between OS and either SFA or VFA. However, Fig. 1D-E demonstrate
the differences in OS by quartile for both SFD and VFD. A stepwise progression is
demonstrated with worse survival by quartile. There is an approximate 10-month difference
between the 2nd and 4th quartiles, with both SFD and VFD. Overall, this data is suggestive
that SFD and VFD are both prognostic variables in EOC.

In the predictive analysis, each measurement was divided into a dichotomous variable and
categorized as either high or low (ex. high or low BMI based on the median). This analysis
was performed only on the CT + P — P versus CT + B — B. There was no predictive value
of BMI, SFA, VFA or SFD on benefit for bev (Data not shown). The only variable that met
statistical significance was the VFD group shown in Fig. 3 (o = 0.025). The high VFD
patients (black lines) that were treated with bev had a median OS of 42 months (solid line)
versus those on placebo (dotted line) with a median OS of 36 months. Those with low VFD
(blue lines) treated with or without bev had similar OS (45 and 47 months, respectively).
Table 5 shows the demographic distribution of these two groups. The only category that met
statistical significance was in stage. There was a higher percentage of patients in the VFD
high group with stage 1V disease (29 vs. 24%) but a lower percentage of patients with
optimally resected stage 111 disease (30 vs. 39%). Overall, this suggests that VFD is not only
prognostic for oncologic outcomes in EOC but also predictive for benefit of bev.

Similar to the predictive effect seen with VFD, previous post hoc analyses of patients on
GOG-218 looked at the prognostic and predictive effect of VEGF-A and IL-6 levels as
previously discussed [22,23]. It was therefore hypothesized that patients with higher VFD
may be the same patient population with high IL-6 or high VEGF-A levels. Results of this
analysis are presented in Table 4. Of the 1249 patients included in the imaging analysis, 522
had IL-6 measurements and were in the CT + P — P and CT + B — B groups. A Spearman
correlation was estimated between the VFD and IL-6. The median IL-6 level was 10 pg/ml
in patients with low VFD and 12.1 pg/ml in those with high VFD. We were unable to detect
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a correlation between VFD and IL-6 (r=0.02, p= 0.57). Of the 1249 patients, 616 had
VEGF-A measurements in the three treatment arms. The median VEGF-A was 115.5 pg/ml
in patients with low VFD and 159.3 pg/ml in patients with high VFD. A Spearman
correlation between VFD and VEGF-A was estimated. There was no statistically significant
relationship between VFD and VEGF-A (r=0.07, p=0.071).

4. Discussion

While markers of adiposity have been shown to negatively affect the prognosis of many
cancers, this is the first report of SFD and VFD as prognostic markers in EOC. While data in
other tumor types of have focused on SFA and VFA, we found no association of these
markers with bev response [26]. VFD does appear to be a predictive marker of bev response
and patients with high VFD may be more likely to benefit from initial treatment with bev.
There was no statistically significant correlation between VFD and IL-6 but a trend was seen
with VEGF-A that did not meet statistical significance.

It has been clearly demonstrated that bev impacts PFS in front line EOC but this impact is
modest and better patient selection via imaging or serum biomarkers may help select those
patients most likely to gain benefit and limit exposure and toxicity to those patients unlikely
to benefit. However, we are still in need of a way to accurately identify the population that
will benefit the most from the addition of bev despite much investigation into this topic.
Table 4 summarizes the range of biomarkers that have been investigated in front line EOC.
Each of the biomarkers in Table 4 were from post hoc analyses of either ICON7 or
GOG-218. Clinical biomarkers such as the presence of ascites and stage IV disease have
shown both prognostic and predictive associations with OS in GOG-218 [27,28]. As
previously mentioned, the addition of bev improved PFS in GOG-218 [6]; however, it failed
to improve OS. Therefore, these clinical biomarkers may help delineate a subset of patients
with improved OS. In addition, in ICON 7, a high-risk subgroup defined as those with stage
IV disease, inoperable stage |11 disease, or suboptimally debulked stage 111 disease showed
improvement in OS with the addition of bev [29].

Tumor associated biomarkers such as tumor microvessel density as measured by expression
of anti-CD31 antibody appeared to have predictive value for both PFS and OS [23].
Molecular characterization of patients on ICON 7 identified a 63 gene expression signature.
They showed that those with the immune signature (which had down-regulation of
angiogenesis markers) had worse OS and no benefit from the treatment of bev [30]. Serum
markers are also of great desire to incorporate into clinical practice. IL-6 as well as a
combined signature of mesothelin, fms-like tyrosine kinase-4 (FLT4), al-acid glycoprotein
(AGP), and CA-125 were predictive biomarkers of PFS in patients treated with bev [22,31].
Now we propose that imaging biomarkers also be included in the discussion moving
forward.

It is important to note that many of these biomarkers, including imaging, have been
identified via exploratory analyses and none have been validated. Exploratory analyses have
inherent bias. Complete data is often not available and distribution of biomarkers across
treatment arms may not be balanced as evidenced in Table 5 with a statistically significant

Gynecol Oncol. Author manuscript; available in PMC 2022 May 01.
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difference noted in stage at presentation between the two groups. With these limitations, this
data suggests that prospective validation of VFD as a biomarker is needed. In addition, the
clinical significance of changes in VVFD is not fully explained. An underlying explanation for
why VFD plays a role as both a prognostic and predictive biomarker is only speculative at
this point in time. Studies on cardiovascular risk suggest that this fat may have different
biochemical characteristics, however, much more work is needed to understand differences
in VFD.

We sought to see if any tumor or serum biomarkers correlated with VFD to help understand
an underlying mechanism but did not find any statistically significant correlations with
previously explored potential biomarkers. As we continue to incorporate new therapies in
the treatment of EOC it is important to identify patients that benefit from such additions.
Additional therapies often expose patients to additional toxicity and identification of those
who will ultimately receive clinical benefit is imperative. This analysis suggests that
imaging biomarkers will likely play a role in this discussion for EOC and are important to
incorporate into future study designs.
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. Subcutaneous fat density (SFD) and visceral fat density (VFD) appear to be

. High VFD may also be a predictive biomarker for use of bevacizumab in this

. There was no correlation between IL-6 and VFD as predictive biomarkers for

HIGHLIGHTS

prognostic biomarkers for EOC.

patient population.

use of bevacizumab.
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Fig. 1.

III?Jstration of measuring VFA and SFA from the CT images by applying a computer-aided
detection scheme to automatically (a) detect abdominal section of CT images (inside a box
with Red frame) and (b) segment each CT image slide into 3 categories (in which SFA is
shown in light gray color, VFA in white color and other non-fat human organs in dark gray
color).
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BMI (A), SFA (B), VFA (C), SFD (D), VFD (E) divided into quartiles and the median
overall survival by months.
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Effect of high and low VFD on overall survival by treatment group. A= 0.025.
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Characteristics of patients on GOG-218 with complete adiposity measurements.

Table 1

Treatment group

CT+P—>P CT+B—>P CT+B—B
Age (Median (Q1,Q3)) 58 (51,66)  60(53,67) 59 (52, 65)
Race (N, (%))
Non-Hispanic white 350 (83) 329 (83) 355 (83)
Asian 28 (7) 29 (7) 25 (6)
Non-Hispanic black 21 (5) 18 (5) 20 (5)
Hispanic 17 (4) 16 (4) 16 (4)
Other 4(1) 3(1) 4(1)
Not specified 4(1) 3(1) 7(2)
Performance status (N, (%))
0 215 (51) 218 (55) 213 (50)
1 182 (43) 157 (39) 179 (42)
2 27 (6) 23 (6) 35(8)
Histology (N, (%))
Papillary serous 361 (85) 330 (83) 357 (84)
Endometrioid 14 (3) 7(2) 19 (4)
Clear cell 10 (2) 17 (4) 15 (4)
Mucinous 5(1) 5(1) 3(1)
Other 34 (8) 39 (10) 33(8)
Stage (N, (%))
111-optimal 152 (36) 134 (34) 149 (35)
111-suboptimal 167 (39) 159 (40) 160 (38)
% 105 (25) 105 (26) 118 (28)
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Table 2

Medians (Q1, Q3) of adiposity measures by treatment group.

Treatment Group

CT+P—>P CT+B—>P CT+B—B

BMI, kg/m?2  25.8 (22.2,30.1) 25.7 (22.5, 30.7) 25.4(22.1,30.2)
SFA,cm? 1854 (105.7,253.6) 1742 (118.1,264.5) 1745 (111.8, 260.0)
SFD,HU  -93.6(-99.2,-84.9) -94.4(-99.4,-854) -94.4(-99.9, -85.3)
VFA, cm?  712(319,1195)  70.8(33.6,1229)  67.8(36.8, 115.7)

VFD,HU  -76.7(-81.7,-72.1) -77.2(-818,-72.2) -76.7(-812, ~72.3)
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Hazard ratios of overall survival for biomarkers adjusted for treatment, stage and performance status.

Table 3

HR per 1-SD Increase  95% CI p-Value
BMI  1.02 (0.95-1.08)  0.65
SFA  0.98 (0.92-1.05) 0.57
SFD 112 (1.05-1.19)  0.0009
VFA 1 (0.94-1.07) 0.93
VFD 1.13 (1.05-1.20)  0.0004
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Characteristics of patients on GOG-218 with complete adiposity measurements by VFD Category.

Table 5

VFD low

VFD high P value

Age (Median (Q1,Q3))
Race (N, (%))
Non-Hispanic white
Asian
Non-Hispanic black
Hispanic
Other
Not specified
Performance status (N, (%))
0
1
2
Histology (N, (%))
Papillary serous
Endometrioid
Clear cell
Mucinous
Other
Stage (N, (%))
111-optimal
111-suboptimal
v

59.2 (51.9, 65.8)

511 (82)
43(7)
26 (4)
31(5)
4(1)
9(1)

337 (54)
254 (41)
33(5)

512 (82)
30 (5)
22 (4)
7Q)

53 (8)

246 (39)
231 (37)
147 (24)

58.9 (51.2,66.3) 0.71
0.28
523 (84)
39 (6)
33(5)
18 (3)
7Q)
5(1)
0.06
309 (50)
264 (42)
52 (8)
0.10
536 (86)
10 (2)
20 (3)
6(1)
53 (8)
0.002
189 (30)
255 (41)
181 (29)
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