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Abstract

Background: Successfully combining targeted agents with chemotherapy is an important future
goal for cancer therapy. However, an improvement in patient outcomes requires an enhanced
understanding of the tumor biomarkers that predict for drug sensitivity. NRG Oncology/
Gynecologic Oncology Group (GOG) Study GOG-86P was one of the first attempts to combine
targeted agents (bevacizumab or temsirolimus) with chemotherapy in patients with advanced
endometrial cancer. Herein we performed exploratory analysis to examine the relationship
between mutations in 7P53, the most commonly mutated gene in cancer, with outcomes on
GOG-86P.

Methods: TP53 mutational status was determined and correlated with progression-free survival
(PFS) and overall survival (OS) on GOG-86P.

Results: Mutations in 7P53 were associated with improved PFS and OS for patients that
received bevacizumab as compared to temsirolimus (PFS: HR 0.48, 95% CI 0.31, 0.75; OS: HR:
0.61, 95% CI 0.38, 0.98). By contrast, there was no statistically significant difference in PFS or
OS between arms for cases with WT 7P53.

Conclusions: This exploratory study suggests that combining chemotherapy with bevacizumab,
but not temsirolimus, may enhance PFS and OS for patients whose tumors harbor mutant p53.
These data set the stage for larger clinical studies evaluating the potential of 7253 mutational
status as a biomarker to guide choice of treatment for endometrial cancer patients.

Keywords
endometrial cancer; chemotherapy; bevacizumab; p53

INTRODUCTION

The anti-angiogenic agent bevacizumab is FDA-approved for use in combination with
chemotherapy in several cancer types, including ovarian, colorectal, non-small cell lung and
renal cell cancers. Based on preclinical studies of bevacizumab in animal models of
endometrial cancer [1, 2] and the activity of bevacizumab as a single agent in advanced/
recurrent endometrial cancer,[3] two studies have evaluated the efficacy of bevacizumab in
combination with chemotherapy.[4, 5] Neither study observed a significant improvement in
outcome compared to chemotherapy alone.

The multi-center trial NRG Oncology/Gynecologic Oncology Group Study GOG-86P was a
three-arm randomized Phase 1l study of bevacizumab in combination with carboplatin and
paclitaxel (Arm 1), the mTOR inhibitor temsirolimus with carboplatin and paclitaxel (Arm
2) or bevacizumab with carboplatin and ixabepilone (Arm 3) in endometrial cancer patients
in the frontline setting.[4] GOG-86P is an important clinical trial milestone because it

Gynecol Oncol. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leslie et al.

Page 4

represents one of the first attempts to combine chemotherapy with targeted agents,
specifically bevacizumab and temsirolimus, which were both previously shown to have
independent activity as single agents in advanced/recurrent endometrial cancer.[3, 6]
Overall, none of the arms had statistically significantly increased progression-free survival
(PFS) relative to historical controls.[4] The hazard ratios (92.2% confidence intervals) for
Arms 1, 2 and 3 relative to historical controls were 0.81 (0.63 to 1.02), 1.22 (0.96 to 1.55)
and 0.87 (0.68 to 1.11), respectively.[4] The END-2 study by the MITO group in ltaly was a
two-arm randomized Phase |1 trial of chemotherapy alone or in combination with
bevacizumab.[5] Like GOG-86P, the bevacizumab-containing arm failed to significantly
improved PFS relative to chemotherapy alone with an HR of 0.84. Both the GOG-86P and
MITO END-2 study populations included patients with a biologically heterogeneous group
of endometrial tumors, defined as advanced stage or recurrent, and trial eligibility criteria
did not limit accrual to cases with specific biomarkers that could have predicted for
response.[4, 5] However, the identification of subgroups within the total study population
that may have received benefit is an important goal that will shed light on which patients
should be considered for future therapy.

The Cancer Genome Atlas (TCGA) project has increased our understanding of the genomic
heterogeneity of endometrial cancers.[7] Among cases represented in the TCGA, 91% of
serous endometrial cancers contain 7253 mutations and 25% of grade 2/3 endometrioid
cancers have 7P53 mutations.[7] These are now denoted the “high copy number Cluster 4
tumors” and constitute the most lethal form of the disease.[7] In addition, such cancers share
genomic similarities with high-grade serous ovarian carcinoma and triple-negative or basal-
like breast cancers insofar as they also express a high frequency of mutations in 7P53 (84—
96% of cases) and a low frequency of PTEN mutations (only 1-2%).[8-12]

TP53 mutations are associated with poor prognosis for many types of cancer[13]. Hence,
new therapeutic regimens that can improve outcomes in such cases are needed. Herein we
performed an exploratory analysis to assess 7P53 mutational status in patients from
GOG-86P and determined the implications on clinical outcomes.

METHODS
Study cohort

GOG-86P (NCT00977574) was a three-arm randomized phase 1l study of paclitaxel/carbo-
platin/ bevacizumab (NSC#704865, IND#7921), paclitaxel/carboplatin/temsirolimus
(NSC#683864, IND#61010) or ixabepilone (NSC#710428, IND# 59699)/carboplatin/
bevacizumab as initial therapy for measurable stage 111 or IVVA, stage VB, or recurrent
endometrial cancer. The control group for GOG-86P was historical, from a subset of patients
assigned to the paclitaxel/carboplatin (PC) arm of GOG-209 (NCT00063999).[14] The
patients enrolled on GOG-209 used as historical controls had similar disease characteristics
compared to those enrolled on GOG-86P.[4, 14] The design of GOG-86P was based on PFS
estimates from GOG-177 paclitaxel/doxorubicin/cisplatin (TAP) arm, in which median PFS
was 8.3 months.[13]

Gynecol Oncol. Author manuscript; available in PMC 2022 April 01.
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For GOG-86P, the primary endpoint was PFS, defined as the time alive and progression-free
from the date of study entry. Secondary endpoints included OS and best confirmed response
using RECIST 1.1. For further details related to study design, please refer to Aghajanian et
al.[4] Biospecimens were collected from patients who consented to participate in the
translational research component of the study. Collection of archival formalin fixed paraffin
embedded (FFPE) tumor and DNA from whole blood was coordinated by the NRG
Oncology Biospecimen Bank.

TP53 mutational analysis

For the GOG-86P dataset, tumor was macro-dissected from FFPE tissues, enriching for
regions with at least 60% tumor cell nuclei. DNA was extracted using standard laboratory
protocols. Paired normal and tumor DNA underwent massively parallel sequencing using a
custom Roche Noblemen SeqCap EZ system to enrich for targeted regions as described
previously.[4] Alignment was completed using BWA-MEM[15] with duplicate reads marked
and removed using Picard tools (Broadinstitute.gifhub.io/picard/). Variant calling was
completed using VarScan[16] and MuTect[17] on each tumor and normal pair. False positive
filtering was performed as described in the VarScan2 paper[16] and implemented for
SomaticSniper.[18]

Statistical Analysis

RESULTS

Consistent with protocol objectives, an exploratory analysis of mutational markers identified
on GOG-86P was performed. For this analysis, tumors were classified into groups based on
mutational analysis [wild type (WT) vs. mutant]. Outcomes (PFS and OS) were compared
between treatment arms or between mutational analysis groups using proportional hazards
models. Hazard ratio estimates and 95% profile likelihood confidence limits from these
models were reported. Kaplan-Meier estimates of the time to event distributions were
plotted; at risk counts, medians and event counts were included in the plots. No p-values are
reported. A confidence interval that excludes a hazard ratio of 1.0 was considered evidence
of a relationship between the endpoint and the analysis group. Confidence intervals that
included 1 did not always rule out clinically significant differences. Interpretation in the
situation of low precision is made with caution when neither hypothesis can be ruled out. No
correction for multiple analyses was included. Statistical analyses were generated using
SAS/STAT software, Version 9.4 of the SAS System for Windows. Copyright © 2016 SAS
Institute Inc.

A total of 349 patients were enrolled on GOG-86P; 243 tumors were available for
sequencing and had 7P53sequencing data as well as sequencing data for the catalytic
subunit of DNA polymerase epsilon (POLE) and genes associated with microsatellite
instability (PMS2 and MSH6). Of the 243 cases available for sub-analysis, approximately
44% harbored a mutation in 7P53. The 7P53 mutated group included both missense
mutations as well as approximately 14 cases with mutations likely to result in a p53 null
phenotype. Three 7P53 mutated cases also had microsatellite instability owing to mutations
in PMS2 or MSHE6, and five such cases harbored a mutation in POLE. The POLE and MSI
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status did not preclude cases with mutations in 7253 from being so designated, i.e., such
cases were still included in the 7P53 mutated group. The remaining 56% of the 243 cases
with IHC data had WT 7P53sequence. Among these, 55 harbored a mutation in PMSZ2 or
MSHS6 suggestive of microsatellite instability and 10 harbored a mutation in POLE. As
assessed by histology, sequencing for 7253 in endometrioid grade 1 and 2 cases revealed
that most were WT, TP53 status was more evenly split for patients with endometrioid grade
3 tumors, with approximately 44% of the cases with a 7253 mutation (Table 1).[4] For the
45 sequenced serous tumors, 87% had at least one mutation in 7P53[4] Reflective of
previous studies from multiple tumor sites,[19] the majority of mutations in 7253 occurred
in the DNA binding domain of the gene (Figure 1).

While GOG-86P was a three-arm trial consisting of the combination of paclitaxel/
carboplatin/ bevacizumab (Arm 1), paclitaxel/carboplatin/temsirolimus (Arm 2), or
ixabepilone/carboplatin/bevacizumab (Arm 3)[4] and since paclitaxel and ixabepilone are
both microtubule stabilizing agents, data from Arms 1 and 3 were combined and compared
to Arm 2. The number of patients on each arm and distribution of WT or mutant 7P53on
each arm are provided in Supplementary Table 1. Supplementary Tables 11 and 111 contain
analyses when Arms 1 and 3 were not combined.

Defining the presence or absence of a 7”53 mutation had clinical significance and was
prognostic for poor outcomes (hazard ratio confidence interval excluded 1, Figure 2).
Specifically, women whose tumors harbored a 7253 mutation had a worse median PFS
compared to those with intact wild-type 7P53(10.3 months vs. 12.0 months). However,
subgroup analysis based on 7P53 mutational status suggests that patients with a 7P53
mutations had better outcomes when bevacizumab was combined with chemotherapy
(Figures 3, 4).

First, patients with a 7P53 mutation who received bevacizumab achieved a longer PFS
relative to patients who received temsirolimus (Table 2, Figure 3, Supplementary Tables Il
and I11). The median PFS for patients with a 7253 mutation was 12.5 months when they
received bevacizumab-containing chemotherapy vs. 8.2 months on temsirolimus-containing
chemotherapy (Table 2, Supplementary Table I1). The longer PFS appeared to be the case
whether the two arms with bevacizumab (bevacizumab + paclitaxel or bevacizumab +
ixabepilone) were combined (HR 0.48, 95% CI 0.31, 0.75, Table 2) or not (Arm 1 vs. 2: HR
0.55, 95% CI 0.32, 0.94; Arm 2 vs. 3: HR 0.43, 95% CI 0.26, 0.71, Supplementary Table
I11). Second, for cases with a mutation in 7P53, confidence intervals for OS hazard ratios for
the bevacizumab arms relative to the temsirolimus arm excluded 1.0 when data from both
bevacizumab arms were combined (HR 0.61, 95% CI 0.38, 0.98, Table 2, Figure 4).

In contradistinction to the tumors with mutated 7253, patients with WT 7P53did not have a
markedly different PFS or OS on the bevacizumab arms compared to the temsirolimus arm
(Table 2, Figures 3 and 4, Supplementary Table I11). However, for cases with WT T7P53, the
combination of bevacizumab with paclitaxel appeared to have improved OS relative to the
combination of bevacizumab with ixabepilone (HR 0.48, 95% CI 0.27, 0.87, Supplementary
Table I11).

Gynecol Oncol. Author manuscript; available in PMC 2022 April 01.
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DISCUSSION

The national study GOG-86P was one of the first trials combining a targeted agent (either
bevacizumab or temsirolimus) with standard chemotherapy for high risk or recurrent
endometrial cancer.[4] Patients were enrolled on this trial based upon their clinical
presentation and not based upon any biologic marker or tumor phenotype that would have
been predicted to benefit most from the agents on the treatment arms. As a result, the
biological makeup of the tumors was heterogeneous, and the results of the overall trial failed
to show any significant benefit in PFS on any of the arms compared to historical controls
(PC arm on GOG-209).[14] Similarly, patients were not pre-selected based upon expression
of a biomarker in the Italian study of bevacizumab in combination with chemotherapy,
MITO END-2, a trial that also did not observe improved PFS when bevacizumab was added
to the chemotherapy backbone.[5]

Nevertheless, when the cases were further analyzed for potential biomarkers based upon
specific hypotheses relating to the effect of each of the targeted agents, some insights have
become evident.[4] In the GOG-86P study, patients with a mutation in CTANBI, the gene
that encodes p-catenin, had a slight improvement in PFS when treated with bevacizumab-
containing chemotherapy (HR=0.73, 95% CI: 0.60-0.91). In this report, we demonstrate a
preliminary signal that the combination of bevacizumab + chemotherapy including a mitotic
spindle inhibitor (paclitaxel in arm 1 and ixabepilone in arm 3) is associated with increased
PFS and OS in patients with 7P53 mutated tumors relative to the addition of temsirolimus to
chemotherapy. For patients with WT 7P53, bevacizumab did not appear to be associated
with longer PFS or OS relative to temsirolimus, but a signal was noted in favor of paclitaxel
over ixabepilone when combined with carboplatin.

Despite efforts in multiple cancer types to identify pre-treatment biomarkers of response to
bevacizumab when combined with chemotherapy,[20-27] no biomarker has achieved
clinical utility.[27, 28] The vast majority of putative biomarkers are related to the anti-
angiogenic properties of bevacizumab (e.g., circulating VEGF-A, soluble VEGFR1, Flt-3
and Ang1/Tie2 or expression of VEGF-A, VEGFR1, NRP1, and CD31 as a surrogate for
microvascular density). A recent RNA expression study of a subset of ovarian tumor
specimens suggests that tumors with “proliferative” or “mesenchymal” molecular features
may have greater responses to bevacizumab+ chemotherapy; angiogenic factors tend to be
upregulated in these molecular subtypes.[29] A recently published analysis of translational
endpoints on NRG/GOG-218 failed to identify any prognostic or predictive factors; this
study included analyses of CD31 (microvascular density marker).[27] Of note, the most
promising data in other cancer types are related to 7P53. Said et al., in a small cohort of
advanced cancers of mixed histologies found that patients with mutant but not WT 7P53had
longer PFS on bevacizumab-containing vs. non-bevacizumab-containing chemotherapy
regimens.[30]

From a mechanistic perspective, it is interesting to speculate as to why mutated forms of
TP53 might be associated with improvement in outcomes in response to bevacizumab. One
possibility is the described link between the p53 protein and VEGF: wild type p53 protein
inhibits transcription of angiogenic factors such as VEGF-A.[31] Mutations in 7P53that
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negatively impact p53 wild type transcriptional activity have been reported to relieve the
transcriptional repression of VEGF-A, resulting in higher expression of the direct target of
bevacizumab.[31-35] Previous studies by our group have shown that higher levels of VEGF-
A may be associated with improved outcomes when patients with advanced endometrial
cancer are treated with bevacizumab as a single agent.[3]

A strength of this study is our ability to detect a potential biomarker, mutated p53, which
portends an improved outcome for a subset of patients being treated with bevacizumab +
chemotherapy on GOG-86P. Biomarkers can be defined as either prognostic or predictive.
Predictive biomarkers relate to a therapeutic outcome, whereas prognostic biomarkers are
indicative of overall outcome independent of treatment.[36] We consider mutations in 7P53
to be a potential predictive biomarker associated with response bevacizumab in addition to
chemotherapy. A weakness of our sub-analysis was that the number of patients with mutated
p53 was relatively small. We chose to use the temsirolimus arm for comparison since
GOG-86P did not include a chemotherapy-only arm, and sequencing was not performed on
subjects from historical controls GOG-209, which was used as the reference for comparison
in the original analysis of GOG-86P. It should be noted that OS was a secondary endpoint in
the original analysis of GOG-86P; event rates (and thereby precision) are lower for this
endpoint than for the primary endpoint of PFS. In some cases, the confidence intervals that
included 1.0 could not exclude clinically relevant hazard ratios. In addition, a proportion of
all cases, but particularly serous cases, did not have available sequencing data. These are the
cases that would be predicted to have the highest rate of mutations in 7P53. Hence, although
we report a potential signal relating to improvement in the bevacizumab arms specifically in
the case of mutated p53, further confirmation in larger populations is required.

Another potential limitation of this study is our inability to analyze outcomes based upon the
type of mutation in 7P53. The cases included in the 7P53 mutated group in this report
included any mutation in this gene, whether missense or predictive of a p53 null tumor. The
ability to segregate these two types of p53 abnormalities with respect to outcomes would
have been interesting; however, only 14 cases demonstrated a mutation that would be clearly
linked to the loss of p53 as judged by the authors. Therefore, the number of cases predicted
to be null was too small and the confidence intervals too broad with these few cases to allow
a definitive conclusion to be drawn as to outcomes unique to this group of patients. Both p53
null and missense mutations (sometimes referred to as gain of oncogenic function) lead to
the loss of wild type p53 function as it pertains to cell cycle regulation and the transcription
or repression of wild type p53-controlled genes. Whether null or missense, we hypothesize
that cell cycle regulation will be disrupted and angiogenesis will be enhanced in tumor cells
due to the loss of wild type p53 repression of pro-angiogenic factors including the
bevacizumab target VEGFA. Hence, in both cases, p53 missense and null, there is a rationale
for the benefit of bevacizumab over temsirolimus plus chemotherapy, and when analyzed as
an entire group including all mutations, that is what the data demonstrate.

Given the expense and potential side effects of therapy, it is critical to identify biomarkers to
define the proper subpopulation of patients to receive targeted agents such as bevacizumab.
This study identified a potential tumor biomarker, mutated 7P53, worthy of future

Gynecol Oncol. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leslie et al. Page 9

investigation as a predictor of those most likely to receive benefit from bevacizumab
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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. In previous analyses of GOG-86P, the addition of upfront bevacizumab to

. We now report that cases with mutations in the tumor suppressor 7P53

. OS with bevacizumab versus temsirolimus + chemotherapy doubled for cases

. A mutation in 7P53is a potential biomarker for sensitivity to bevacizumab

chemotherapy did not improve outcomes overall.

experienced longer PFS and OS with bevacizumab.

with mutated 7P53 (30 versus 14.4 months).

when added to chemotherapy upfront.
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Figure 1: The majority of TP53 mutations in GOG-86P dataset are in the DNA binding domain.
The frequency of mutated codons was calculated as the number of variants at each

nucleotide position relative to the total number of variants detected in the dataset. Mutations
that occurred in >4 samples are annotated in the graph. R248: 14 variants; R273: 11 variants;
R175: 6 variants; Y220: 4 variants; D281: 4 variants. TAD: transactivation domain; PRD:
proline-rich domain; DBD: DNA binding domain; OD: tetramerization domain; CTD: C-

terminal domain.
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Figure 2: Tumors with mutant TP53 have worse outcomes as compared to tumors with WT

TP53.

Kaplan-Meier survival plots of (A) PFS and (B) OS when all eligible cases on GOG-86P
were subanalyzed by 7P53 mutational status.
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Figure 3: TP53 mutational status is associated with improved PFS on bevacizumab-containing

arms.

Kaplan-Meier survival plots of PFS when cases are sub-analyzed by 7P53 mutational status

(A, WT; B, Mutant 7P53) on Arms 1 and 3 (bevacizumab-containing arms) vs. Arm 2

(temsirolimus-containing arm).
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Figure 4: TP53 mutational status is associated with improved OS on bevacizumab-containing
arms.

Kaplan-Meier survival plots of OS when cases are sub-analyzed by 7P53 mutational status
(A, WT; B, Mutant 7P53) on Arms 1 and 3 (bevacizumab-containing arms) vs. Arm 2
(temsirolimus-containing arm).
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TP53 mutational status in each histological subtype on GOG-86P

Table 1:

Not Sequenced Mutant Wild Type Total
Histology/Grade N % N % N % N %
Endometrioid, grade 1 8 75 5 4.6 32 23.7 45 12.9
Endometrioid, grade 2 18 17.0 14 13.0 55 40.7 87 24.9
Endometrioid, grade 3 23 21.7 26 24.1 33 24.4 82 235
Serous 28 26.4 39 36.1 6 4.4 73 20.9
Clear Cell 9 8.5 5 4.6 2 15 16 4.6
Mixed Epithelial 7 6.6 7 6.5 3 2.2 17 4.9
Adenocarcinoma, NOS 4 3.8 6 5.6 1 0.7 11 3.2
Other 9 85 6 5.6 3 2.2 18 52
Total 106 100.0 108 100.0 135 100.0 349 100.0
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Table 2:

Hazard ratios by 7P53 mutational status on bevacizumab-containing arms (Arms 1 and 3) vs. the
temsirolimus-containing arm (Arm 2).

Endpoint  Group Point Estimate  95% Profile Likelihood Confidence Limits

WT 0.87 0.58 131

PFS
Mutant 048 * 0.31 0.75
WT 1.05 0.64 1.77

0os
Mutant 0.61 * 0.38 0.98

The number of patients in each arm and number events are provided in Supplementary Table I.

*
denotes statistically significant differences between groups; Arm 2 is the reference arm. WT: wild type 7P53; mutant: mutation in 7P53.

Gynecol Oncol. Author manuscript; available in PMC 2022 April 01.

Page 18



	Abstract
	INTRODUCTION
	METHODS
	Study cohort
	TP53 mutational analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Table 1:
	Table 2:



