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Abstract

Objective—POLE mutations in high grade endometrioid endometrial cancer (EEC) have been
associated with improved survival. We sought to investigate the prevalence of POLE tumor
mutation and its prognostic significance on outcomes and clinical applications in a sub-analysis of
women with high grade EEC from a previously described cohort of 544 EEC patients in which
POLE mutation status and survival outcomes was assessed.

Materials and Methods—PCR amplification and Sanger sequencing was used to test for POLE
mutations in 72 tumors. Associations between POLE mutation, demographic and
clinicopathologic features and survival were investigated with Cox proportional hazard models.

Results—POLE mutations were identified in 7/72 (9.7%) grade 3 EECs. No significant
differences in the clinicopathologic features between those with POLE mutations and those
without were identified. Adjusted for age, a decreased risk of recurrence was suggested in patients
with a POLE mutation (aHR=0.37, 95%CI 0.09-1.55), as well as decreased risk of death
(aHR=0.19, 95% CI 0.03-1.42).

Conclusions—POLE mutations in tumors of women with grade 3 EEC are associated with a
lower risk of recurrence and death, though not statistically significant due to high variability in
these estimates. These findings, consistent with recently published combined analyses, support
POLE mutation status as a noteworthy prognostic marker and may favor a change in the treatment
of women with grade 3 EECs, particularly in those with early stage disease, in which omission of
adjuvant therapy and decreased surveillance could possibly be appropriate.
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Introduction

While endometrial cancer (EC) is the most common gynecologic cancer reported in the
developed world, controversies over adjuvant treatment and surveillance modalities
continue to be prominent issues. Despite excellent surgical cure rates with surgery alone, a
proportion of women with intermediate and high-risk early stage disease will require
adjuvant treatment to decrease risk of recurrence.? Those with high-risk early stage disease,
including high grade tumors (grade 3 endometrioid, serous and clear cell) and/or advanced
disease are recommended to undergo adjuvant therapy with chemotherapy with or without
radiation. Pathologic characteristics including lymphovascular space invasion, myometrial
invasion, grade and stage are used to determine whether adjuvant therapy is appropriate,
however the exact criteria for therapy are imperfect, and often leads to under and over
treatment of EC patients. The identification of novel molecular markers that could better
define the risk of recurrence would benefit patients and guide physicians' recommendations
for adjuvant therapy needs and subsequent surveillance recommendations. Despite the
identification of many prognostic molecular markers in EC, none have been shown to play a
clinically relevant role in the treatment or surveillance of women with EC.34

POLE encodes the major catalytic and proofreading subunits of the Pole DNA polymerase
enzyme complex.>8 The proofreading (exonuclease) function locates and replaces erroneous
bases in the daughter strand through failed complementary pairing with the parental strand.
High fidelity incorporation of bases by POLE, coupled with its proofreading function,
ensures a low mutation rate. POLE mutations have shown to increase spontaneous mutation
rates contributing to tumorigenesis in yeast and mouse models.”-12 ECs are frequently
defective in DNA mismatch repair (MMR). Reduced post-replication surveillance and repair
results in a 100-fold increase in somatic mutations in human tumor cell lines.13 Loss of
DNA proofreading function in the DNA polymerase £ (POLE) has similarly been shown to
be important in tumorigenesis in EC.141> Approximately 8% of ECs harbor POLE
mutations.16:17

Recent studies have investigated the prognostic importance of POLE mutations in EC and an
association with improved survival outcomes has been reported.16-17 As POLE mutations
were noted to be more common in grade 3 endometrioid tumors compared to low grade
tumors in these analyses, the survival benefit of POLE among those high grade endometrioid
tumors specifically has been investigated among smaller cohorts. Meng and colleagues
recently reported on the progression free survival (PFS) of high grade endometrioid
endometrial cancers (EECs) by describing their data of 53 women with high grade EEC
along with The Cancer Genome Atlas (TCGA) data of 49 women with high grade EEC.18
They reported POLE mutations in 8 of 53 tumors (15%), which was comparable to TCGA
data, which reported mutations in 8 of 49 tumors (16%). Church and colleagues similarly
reported a POLE mutation incidence of 22% (7 of 32) in high grade EEC.17 When
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combining data with TCGA, Meng et al observed a significantly improved PFS in women
with POLE mutations, reporting that none of the patients with a POLE mutation in either
cohort experienced a recurrence. The overall survival (OS) benefit was investigated as well,
and while Meng et al reported a trend towards improved survival, this was not statistically
significant, attributable to the small numbers of patients with POLE mutations. The TCGA
data for disease-specific survival was not available; therefore the disease-specific analyses
could not be combined with the data from Meng and colleagues. It was reported that among
the patients with POLE mutations in the Meng cohort, none died from their disease or any
other cause within 5 years of diagnosis.18

Church and colleagues have additionally reported on the significance of POLE mutations in
a larger data set, including patients from the PORTEC-1 and -2 studies (n=788), as well as
combined data from three additional series (n=628).1° In those women in the PORTEC trials
with grade 3 EECs (n=109), 15 patients had POLE mutated tumors, and none of those
women experienced a recurrence, compared to 29 of 94 (30.9%) women with POLE wild-
type tumors, resulting in a statistically significant improved recurrence-free survival (RFS)
(HR=0.11, 95%CI = 0.001-0.84, P=.03). These results, combined with the above-mentioned
studies, support the conclusion that POLE mutations are associated with favorable survival
outcomes, with the greatest effect seemingly in high grade EECs.

These studies have suggested a significantly impactful prognostic role of predicting
improved survival outcomes in women with POLE mutations in high grade EECs. This is a
subset of EC patients who have been associated with worse outcomes, and therefore are
often advised to undergo adjuvant treatment to minimize progression, recurrence and death
from disease. Current data suggests that women with grade 3 EECs with POLE mutations
have an improved clinical course, which may guide alternative management and surveillance
choices for these women. It is critical that the findings to date be validated in additional
populations before any recommendations for care of EC patients with POLE mutations be
universally implemented. Our objective in this study is to investigate the prevalence of
POLE mutation tumor status and its prognostic significance on survival and recurrence
outcomes, specifically in women with high grade EEC from a previously described cohort of
544 EECs, and to discuss the clinical implications that POLE mutations may have in
treatment and subsequent surveillance practices.

Materials and Methods

Study Population

Matched EC and normal tissues were prospectively collected at time of hysterectomy by a
single academic institution. All research subjects consented to molecular analyses and
follow-up (protocols 91-507 and 93-0828). The analyses performed at a different single
academic institution were undertaken with IRB approval (2012C0117).

High molecular weight genomic DNA for 544 surgically staged, EECs was analyzed for
POLE mutation, of which 72 were categorized as nuclear grade 3. Extensive data are
available for all cases. The cohort has been previously described.20-22
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Mutation testing

The exonuclease domain of POLE (residues 268-471) was assessed for mutations using PCR
amplification and Sanger sequencing. Primers and conditions have been previously
described as well as all mutations .23 PCR products were sequenced (ABI Prism BigDye
Terminator Cycle Sequencing Kit version 3.1, Applied Biosystems®) at the Nucleic Acid
Shared Resource laboratory at the academic institution performing the analyses (http://
cancer.osu.edu/research/cancerresearch/sharedresources/na/services/dna_sequencing/pages/
index.aspx).

Statistical Analyses

Results

Baseline clinicopathologic and demographic characteristics were described overall and by
POLE status, and compared by a chi-square test for categorical covariates or by the
Wilcoxon ranksum test for continuous covariates. The method of Kaplan and Meier were
used to estimate unadjusted survival distributions for the time to death and time to
recurrence. Associations between POLE mutation and the risk of recurrence and risk of
death were estimated via Cox proportional hazards models.

Overall survival was defined as time from surgery to death of any cause. Recurrence-free
survival was defined as time from surgery to the time of first recurrence of death from
disease. For both endpoints patients were censored at the time of last follow-up when no
event has occurred.

The assumption proportional hazards were estimated through tests of the Schoenfeld
residuals and by visual inspection. All p-values and confidence intervals are reported as two-
sided and unadjusted for multiple comparisons. Analyses were performed using SAS
software (Version 9.3 of the SAS System for Windows, SAS Institute Inc., Cary, NC, USA)
and Stata 13.0 (StataCorp. 2013 Stata Statistical Software: Release 13. College Station, TX:
StataCorp LP).

Clinical and molecular pathologic features

Our cohort included 72 high grade EECs. The median age was 64.6 years (range 44.3-90.7
years), with a median BMI of 31.7 (18.7-58.2). The majority of patients (65.3%) had early
stage disease and over half the patient population underwent adjuvant treatment of some
type (chemotherapy, hormone therapy, radiation, or any combination) (Table 1).

Among these 72 high grade EECs, 7 tumors harbored missense POLE mutations. The
clinicopathologic features of patients with a POLE mutation compared to those with wild
type tumors are illustrated in Table 2. No significant differences between these two groups
were identified. The median age for those with POLE mutations was slightly younger than
the wild type cohort (median age 58.3 years (55.2-87.3) versus 66.5 (44.3-90.7),
respectively), with the majority (85.7%) having early stage disease and deep myometrial
invasion (83.3%).

Int J Gynecol Cancer. Author manuscript; available in PMC 2017 June 01.


http://cancer.osu.edu/research/cancerresearch/sharedresources/na/services/dna_sequencing/pages/index.aspx
http://cancer.osu.edu/research/cancerresearch/sharedresources/na/services/dna_sequencing/pages/index.aspx
http://cancer.osu.edu/research/cancerresearch/sharedresources/na/services/dna_sequencing/pages/index.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Billingsley et al.

Page 5

Prognostic significance of POLE mutation in grade 3 EEC

Kaplan-Meier methods and Cox regression models were used to describe associations
between POLE mutation and survival endpoints. The RFS curve is shown in Figure 1A.
With a median follow up of 38 months, one recurrence among the 7 patients with a POLE
tumor mutation was observed. That patient recurred at 23.3 months in the pelvis, compared
to 25 recurrences in those patients with a wild type tumor, and she did not die from disease.
The 5-year RFS for those with POLE mutations was noted to be 71% (95% confidence
interval (CI) 26-92%) compared to 50% (95% CI 37-62%) of those with wild type tumors
(aHR=0.37, 95% CI 0.09-1.55, adjusted for patient age). A decreased risk of recurrence is
noted in those patients with POLE mutations, after adjusting for age, with a risk of
recurrence of approximately one third that of those patients with wild type tumors. Similarly,
a trend was suggested for the protective effect of POLE mutation on OS (all cause) (Figure
1B). One non-cancer related death was observed in the POLE mutation group, compared to
39 deaths among the wild type cohort. The 5-year all-cause OS was 86% in the POLE group
(95% CI 33-98%) compared to 51% in the wild type group (95% CI 37-63%), after
adjusting for age with an adjusted hazard ratio of 0.19 (95% CI 0.03-1.42). This translates to
an approximately 80% decreased risk of death in women with a POLE mutation compared
to women with wild type tumors.

Discussion

In this report we present data on POLE mutation in grade 3 EEC. This analysis was
undertaken in response to growing data that POLE mutation in EECs, in high grade tumors
in particular, may confer a prognostic survival advantage. We noted a 9.7% POLE mutation
rate amongst the 72 grade 3 EECs studied. This is comparable to what has been reported in
previous studies, including data reported by TCGA in 16% of grade 3 EECs harbored a
POLE mutation,6 data presented by Meng et al (8/53, 15%),18 as well as data published by
Church et al,17 citing a 22% POLE prevalence in one series, and 13.7% in the more recent
publication including PORTEC-1 and -2 patients.1® Combining our data with the current
literature, it appears that POLE mutations are present in approximately 10-20% of grade 3
EECs. This frequency of mutation is noteworthy given that grade 3 tumors, regardless of
stage, are associated with a more aggressive tumor behavior, and are regarded as a high-
intermediate risk prognostic factor, even in early stage disease.242> Therefore, these high
grade tumors are typically treated more aggressively (chemotherapy and/or radiation) and
patients are often subjected to more rigorous surveillance following treatment based on this
histology alone.28

Our survival analyses reveal a strong, yet highly variable, trend towards improved outcomes
in both RFS and OS consistent with recent publications.1’-1° Given the modest number of
grade 3 cases in our study, we did not break down outcome by stage. Our findings are
consistent with a survival advantage of those patients with tumors harboring POLE
mutations. Meng et al reported on survival outcomes by combining data with TCGA data,
and reported a significantly improved PFS advantage in the POLE mutation group in
univariate (P=0.025) and multivariate (P=0.01) analyses, such that not one patient with a
POLE mutation experienced a recurrence.1® The OS (disease-specific) was shown to have a
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similar trend towards improved survival, as none of the 8 patients with a POLE mutation
died from their disease, however this was not significant after adjusting for age and disease
stage. This lack of statistical significance is likely due to the small number of patients in the
POLE mutation group (8 patients), which is problematic in our study as well, as only 7
patients had POLE mutated tumors, which contributes to our lack of statistical significance.
However, our analyses strongly suggest a significant survival advantage, with a risk of
recurrence of roughly one third that of a patient with a wild type tumor, and risk of death is
decreased by 80% compared to a patient with a wild type tumor. Church and colleagues
reported no recurrences among POLE mutated grade 3 tumors in patients in the PORTEC-1
and -2 cohort, compared to 30.9% recurrence rate among those women with grade 3 tumors
in the rest of the subgroup, resulting in a statistically significantly greater RFS (HR=0.11,
95%Cl =0.001-0.84, P=.03), as well as no cancer related deaths compared to 26.6% (25/94)
EC deaths in the wild-type cohort.19 In our analysis, one patient recurred in the POLE
group, compared to 26 of 45 women with wild type tumors. This was a 55-year-old black
female who was diagnosed with a stage 1B grade 3 endometrioid EC, who underwent no
further therapy. Her POLE mutation was a alanine to proline mutation at position 456
(p.Ala456Pro), a previously described POLE mutation.1’ She recurred in a para-aortic
lymph node 23.3 months after her diagnosis. She was alive at that date of last contact, 14.4
years from her original diagnosis. Similarly, only one patient died (all-cause), and that
patient did not experience a recurrence. This is in comparison to 39 deaths among the
women with wild type tumors. It is important to note that our data differs from previous
publications by identifying two of seven patients with POLE mutant tumors who
experienced either a recurrence or death. While the prognostic significance of POLE
suggests improved outcomes, it may not be universal as previously described, and continued
investigation of the biology of POLE mutated G3 EECs will be critical to our understanding
of the management of this molecular phenotype.

The prognostic role of POLE mutations has been highly anticipated. The initial PFS benefit
reported by TCGA suggested an improved PFS, however the data included all grades, and
histologies of EC. Since that time, continued investigation has led to the hypothesis that that
true survival benefit is seen in those patients with high grade EEC. The benefit of these
mutations in other histologies such as serous and clear cell remains inconclusive. Our data
strongly trends towards significance for improved survival outcomes, however we endorse
that the small number of tumors with POLE mutations limits our power, and therefore our
results do not meet traditional levels of statistical significance. Despite this, our data
contribute to the existing literature, and support our conclusion that POLE mutations are a
significant prognostic marker for improved survival in grade 3 EEC, and should serve to
guide management decisions in these patients. A further weakness to our study is the lack of
disease-specific death data. As this population often has significant medical comorbidities
including obesity that can contribute to all-cause mortality rates, disease-specific mortality
data could reinforce our data and results. Unfortunately, this data was not collected.

The accruing data supporting the substantial improvement in recurrence and survival
challenges providers to consider omitting adjuvant treatment in this population. However,
changes to the current adjuvant treatment trends of radiation and/or chemotherapy for grade
3 EEC with POLE mutations are unlikely to occur without prospective data in a randomized
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setting. Until such data is collected and matured, consideration of changing surveillance
recommendations should be contemplated. There are no prospective studies that have
evaluated the role of surveillance in EC follow-up. Based on recommended guidelines and
institutional practices, retrospective research and literature reviews encompass the best
evidence that is available.2” Despite recommendations from the NCCN and SGO
discouraging the routine use of modalities other than symptoms and physical exam in
asymptomatic women undergoing surveillance, the use of additional surveillance methods,
including CA 125 testing, vaginal cytology, and CT imaging are well documented among
current practitioners caring for women with high grade EC.26 Hunn et al recently reported
on a multi-institutional retrospective review of 254 women with high grade EC from
2000-2011, with the most common histotype being grade 3 EEC (34%). Vaginal cytology
was performed in 72% of the high grade cohort (more frequently in the early stage patients
(82%)). CA-125 testing was used in 54% of the population, while CT imaging was used in
67% of patients. Interestingly, all local recurrences and 68% of the loco-regional and distant
recurrences were detected by symptoms and physical exam alone. The data support that
more intensive surveillance is occurring in women with high grade EC despite
recommendations advising against routine screening in this population, which is both costly
and often a source of anxiety for many women. In the POLE mutant, grade 3 EEC patient
population, the data further supports that such intensive surveillance is not necessary, and
should be omitted, as recurrences are unlikely and survival outcomes improved compared to
wild-type tumors. As the burden of proof accumulates, surveillance recommendations and
practices in asymptomatic women should be limited to symptoms and exam findings in with
grade 3 EEC tumors with POLE mutations.

Continued research is critical to elucidate the etiology of the improved survival of POLE
mutant EC patients. While the ultra-mutated genome resultant from lack of DNA repair
mechanisms has been hypothesized to cause cellular lethality in tumor cells, recent data has
also implicated a robust immune response to POLE mutant tumors, which may contribute to
or confer the associated favorable prognosis that is seen.28 Bellone and colleagues have
recently shown the first /n vitro evidence of enhanced recognition of POLE-mutant tumor
cells by T cells, with POLE mutated tumors consistently eliciting the combined activation of
both helper and cytotoxic T cells, via proliferation of naive CD4+ and CD8+T cells, tumor
specific CD4+ T cells, as well as IFN-y cytokine secretion.2® This data suggests a robust
cytotoxic immune response could play an important role in prognosis in a subset of patients.
These data, combined with the fact that POLE mutations lead to ultra-mutated cancers with
thousands of neoantigens, suggest that treatment with immune checkpoint inhibitors could
be efficacious. PARP inhibitors, for example, which have been shown to cause a moderate
elevation in T-bet (a T cell transcription factor playing a fundamental role in coordinating
type 1 immune responses) and IFN-y expression in Thl-skewed CD4(+) T cells in ex vivo
studies of mice treated with olaparib3® could have a synergistic effect with the robust
immunogenic response seen in POLE mutant tumors. Such hypotheses in this disease site
require investigation. Future clinical trials stratifying patients by molecular subtype are
critical to determining the appropriate adjuvant treatment plans and surveillance regimens.
In conclusion, our findings support tumor POLE mutation status as a noteworthy prognostic
marker and may favor a change in the treatment of women with grade 3 EECs, particularly
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those with early stage disease, in which omission of adjuvant therapy and decreased
rveillance may possibly be appropriate. Continued investigation into the molecular

prognostic role of POLE in EC is warranted.
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Figure 1. Kaplan-Meier recurrence-free survival (1A) and all-cause overall survival (1B) by
POL Emutational status

aHR is the age adjusted hazard ratio.
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Table 1
Clinicopathologic features of study population
Grade 3 Endometrioid EC
N 72
Age (median, range) 64.6 (44.3-90.7)
BMI (median, range) 31.7 (18.7-58.2)
Stage
1 47 (65.3%)
nnv 24 (33.3%)
Unstaged 1(1.3%)
Deep myometrial invasion (=50%) 33 (45.8%)
Presence of LVSI 49 (67.1%)
Adjuvant therapy (any) 41 (56.9%)

EC: endometrial cancer, BM/: body mass index; LVS/: lymphovascular space invasion.
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Table 2
Clinical and pathologic characteristics of Grade 3 endometrioid ECs by POL E mutation
status
POLE mutation POLEWildtype . ygue®
N 7 65
Age (median, min-max) 58.3(55.2-87.3)  66.5(44.3-90.7) 0.20
Race 0.99
White 6 (85.7) 55 (84.6)
Black 1(14.3) 10 (15.4)

BMI (median, min-max) ~ 258 (18.7-542)  32.3(195-582) 018

High stage 0.41
Advanced stage (111/1V) 1 (14.3) 23(35.9)
Early stage (I/11) 6 (85.7) 41 (64.1)

Deep myometrial invasion 5 (83.3%) 28 (49.1%) 0.20
(250%)

Presence of LVSI 4 (57.1%) 45 (71.4%) 0.42

Adjuvant therapy (any) 2 (28.6%) 39 (60.0%) 0.13

EC: endometrial cancer, BM/: body mass index; LVS/: lymphovascular space invasion.
*

P-values calculated by Fisher's Exact test for categorical variables and by Wilcoxon rank-sum test for continuous variables.
Available for 63 participants (58 POLE WT and 5 POLE mutation).

Available for 63 participants (57 POLE WT and 6 POLE mutation).
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