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H I G H L I G H T S
• POLE mutations occur in 7–12% of endometrial cancers and are identiﬁed by molecular analysis.
• POLE-mutated endometrial cancers have high tumor mutation burden, tumor neoantigen production, and tumor inﬁltrating T cells.
• This case illustrates a marked response to immune checkpoint inhibition in a POLE-mutated endometrial cancer.
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a b s t r a c t
Polymerase-epsilon (POLE)-mutated carcinomas are a rare, but well-known subtype of endometrial cancer.
While typically associated with good prognosis, recurrences are documented. Here we present a case of recurrent
POLE-mutated endometrial cancer, discuss pathologic features, current methods of molecular classiﬁcation, and
explore therapeutic implications for the POLE-mutation phenotype.
© 2019 Published by Elsevier Inc.

1. Introduction
A 49-year-old premenopausal woman initially presented to her
gynecologist's ofﬁce with intermenstrual bleeding.
An endometrial biopsy was done which demonstrated a mixed high
grade-adenocarcinoma consistent with a diagnosis of endometrial cancer. She underwent complete surgical staging including hysterectomy,
bilateral salpingo-oophorectomy, omentectomy, and bilateral pelvic
and para-aortic lymphadenectomy.
Initial pathology review from her staging surgery demonstrated a
primary uterine tumor, characterized as a high-grade mixed carcinoma
with serous, clear cell, and endometrioid components. Pathology was
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also reviewed after referral to our center. Internal pathology review reported the primary tumor specimen most consistent with a grade 2
endometrioid adenocarcinoma, supported by the presence of wild
type p53 staining pattern (Fig. 1). The tumor invaded 75% of the
myometrial thickness. Cervical stromal invasion and lymphovascular
invasion were present. The tumor was metastatic to the right ovary,
omentum, and pelvic lymph nodes contained micrometastases. At the
conclusion of the case there was no evidence of gross residual disease.
Microsatellite testing by polymerase chain reaction (PCR) did not demonstrate instability, and expression of mismatch repair (MMR) proteins
was intact by immunohistochemistry (IHC). A diagnosis was made of
International Federation of Gynecology and Obstetrics (FIGO) IVB
endometrioid endometrial carcinoma.
She was treated for advanced stage endometrial cancer with adjuvant carboplatin and paclitaxel, for a total of six cycles.
Approximately two years later, the patient began experiencing progressive nausea and emesis. Radiographic imaging with PET/CT

472

J.T. Veneris et al. / Gynecologic Oncology 153 (2019) 471–478

Fig. 1. Primary endometrioid endometrial adenocarcinoma, A. low power magniﬁcation showing glandular architecture (H&E, 100×); B. area resembling serous morphology with
surrounding lymphocytes in the stroma (H&E, 200×); C. area with typical endometrioid morphology (H&E, 200×); D. immunohistochemical staining of p53 showing patchy, weak,
heterogeneous staining, consistent with a wildtype pattern (200×); E–H: immunohistochemical staining of mismatch repair proteins showing retention of nuclear staining, E. MLH1, F.
PMS2, G. MSH2, H. MSH6 (all 100×).

demonstrated a large heterogeneous abdominal mass along the medial aspect of the stomach measuring 8.6 × 8.9 cm and a hypermetabolic lymph
node in the left aspect of the retroperitoneum concerning for neoplastic
disease. There was no other evidence of cancer. A biopsy of the abdominal
mass was performed and demonstrated metastatic adenocarcinoma with
morphology consistent with recurrent endometrial cancer.
The patient was then re-treated with intravenous carboplatin and
paclitaxel chemotherapy. Her symptoms improved after three cycles
and radiographic imaging demonstrated a decrease in size in the mass
along the lesser curvature of the stomach to 3.2 cm. She received an additional three cycles of chemotherapy (total of six). Repeat CT scan approximately one month following completion of the chemotherapy

regimen showed progression of her cancer with an 8 cm heterogeneous
mass located in the lesser sac which invaded the body of the stomach
and the left lateral segment of the liver. There was also compression
and narrowing of the distal splenic vein.
At this time, she presented to our institution for therapeutic recommendations. She became increasingly symptomatic from the upper abdominal mass and underwent an exploratory laparotomy, resection of
recurrent multifocal endometrial carcinoma, en bloc distal gastrectomy,
subtotal distal pancreatectomy, splenectomy, transverse colectomy
with primary anastomosis, resection of the left lateral segment of
liver, Billroth II gastrojejunostomy, partial omentectomy and liver biopsy. At the conclusion of the case there was no evidence of gross
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residual disease remaining. Pathology from the surgery demonstrated
recurrent metastatic endometrial adenocarcinoma invading the omentum, stomach and pancreas. There was normal MMR protein expression
by IHC in the recurrent specimen (Fig. 2).
Next generation sequencing using Dana-Farber Cancer Institute inhouse OncoPanel test [1] was performed on the primary tumor specimen and the recurrent specimen. The primary tumor demonstrated an
ultramutated phenotype with tumor mutation burden of 231 mutations/megabase in the primary specimen, and a POLE exon 13 hotspot
mutation with a POLE mutational signature, consistent with a POLEmutated endometrial cancer. The recurrent specimen obtained from
the gastric mass demonstrated a further increase in tumor mutation
burden to 305 mutations/megabase, persistence of the POLE exon 13
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hotspot mutation, and POLE mutational signature. The results of the histologic and molecular pathology ﬁndings are summarized in Table 1.
2. Clinical and epidemiology characteristics of POLE-mutated endometrial cancers
Historically, endometrial cancers have been categorized into two
groups based on their clinicopathologic features. Type I encompasses
endometrioid tumors, usually favorable in prognosis and associated
with hormone receptor positivity and estrogen excess. Type II predominantly includes serous carcinoma, as well as clear cell carcinomas, carcinosarcomas, and other histologies. This group is associated with a
poorer prognosis, generally occurs in older women, is not associated

Fig. 2. Recurrent metastatic endometrial adenocarcinoma from the abdominal mass adjacent to the stomach, A. low power magniﬁcation showing a heterogeneous tumor with glandular
and solid architecture (H&E, 100×), B. high grade cytomorphology of the glandular component (H&E, 400×); C. area resembling clear cell morphology (H&E, 200×); D.
immunohistochemical staining of p53 in the tumor showing patchy, weak, heterogeneous staining, consistent with a wildtype pattern (200×); E–H: immunohistochemical staining of
mismatch repair proteins showing retention of nuclear staining, E. MLH1, F. PMS2, G. MSH2, H. MSH6 (all 100×).
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Table 1
Histologic and pathologic characteristics.
Pathological
features

Primary tumor

Recurrence

Histology

Grade 2 endometrioid carcinoma

Metastatic high grade Mullerian
carcinoma

Other
features

Centered in lower endometrial
cavity and lower uterine
segment
Deep myometrial and cervical
stroma involvement
LVSI+
MMR intact
(MLH1, MSH2, MSH6, PMS2)
No MSI by PCR (0/5 loci)
ER 18% (1+)
PR 17% (1+)

MSI/MMR
(IHC)
MSI (PCR)
Hormone
status
(IHC)
P53 (IHC)
TMB (NGS)

Mutational
signature
(NGS)
Selected
variants
(NGS)

MMR intact (MLH1, MSH2,
MSH6, PMS2)
n/d
n/d

Wild type
231.165 (98th %ile of
endometrial, 100th %ile for all
DFCI OncoPanel cases)
POLE signature
MMR deﬁciency signature

Wild type
305.685 (98th %ile endometrial,
100th %ile for all DFCI
OncoPanel cases)
POLE signature
MMR deﬁciency signature

POLE c.1231GNT (V411L), exon
13 hotspot mutation
POLE c.6391CNT (p.R2131C), VUS
POLE c.5378+2TNG, VUS
IDH1 c.394CNT (p.R132C)
MSH6 c.3202CNT (R1068*)
PIK3CA c.263GNA (p.R88Q)

POLE c.1231GNT (V411L), exon
13 hotspot mutation
POLE c.6391CNT (p.R2131C),
VUS
POLE c.5378+2TNG, VUS
IDH1 c.394CNT (p.R132C)
MSH6 c.3202CNT (R1068*)
PIK3CA c.263GNA (p.R88Q)

with estrogen excess, and is considered high-risk for recurrence. In current guidelines from the National Comprehensive Cancer Network
(NCCN v2.2018), this histologic grouping serves as a branchpoint in
choosing appropriate frontline therapy.
In 2013, a large scale analysis by the Cancer Genome Atlas (TCGA) project, proposed a new genomic/molecular classiﬁcation for endometrial
cancer. Multiplatform genomic analysis of endometrial and serous endometrial cancers identiﬁed four distinct clusters based on nucleotide substitution frequencies and patterns: POLE-mutated (ultramutated),
microsatellite instability-high (MSI-high, hypermutated), copy-number
(CN) low (endometrioid-like), and CN high (serous-like) [2]. In the POLEmutated subgroups, hotspot POLE mutations were identiﬁed at Pro286Arg
(p.P286R) and Val411Leu (p.V411L), which lie in the exonuclease domain.
The MSI-high group consisted of tumors with MMR deﬁciency, which can
develop as a result of somatic MLH1 promoter hypermethylation or
inherited mutations in MMR proteins (i.e. Lynch syndrome). The CN-low
(endometrioid) group demonstrated a high frequency of CTNNB1 mutations (52%) and PTEN mutations, as well as increased progesterone receptor expression suggesting a basis for hormone responsiveness. The CNhigh (serous-like) group harbored greater frequencies of mutations in
CCNE1, PIK3CA, MYC, CDKN2A, and TP53, reﬂecting cell cycle dysregulation.
These four genomic groups were shown to have prognostic signiﬁcance,
wherein POLE-mutated tumors were associated with signiﬁcantly improved progression free survival (PFS), and CN-high tumors were associated with worse PFS. Notably, this seminal study did not include or
address the hierarchy of genomic parameters in tumors that harbor
more than one genomic alteration (e.g. concurrent POLE mutation and
TP53 mutation). Additionally, all cancers were from initial diagnosis. Subsequent studies have found a POLE mutation frequency of 5–12% in endometrial cancers, and have generally recapitulated the favorable prognosis
associated with this genomic alteration [3–7].
3. Polymerase-epsilon (POLE) mechanism of action
The POLE gene encodes the major catalytic subunit of DNA
polymerase-ε, which, with polymerase-δ, synthesizes the leading and

lagging strands during DNA replication in eukaryotes [8]. Polymeraseε is thought to function in leading strand synthesis, though there is conﬂicting data as to whether polymerase-δ synthesizes both leading and
lagging strands and polymerase-ε serves only in repair and proofreading [9,10]. What is agreed upon is that mutations in the exonuclease domain of polymerase-ε may compromise the 3′-to-5′ proofreading
function, leading to loss of replication ﬁdelity, development of genomic
instability, and consequently an ultra-mutated phenotype. The effects of
individual mutations on exonuclease activity are likely to be distinct
[11]. Certain mutations in exon 13, which harbors the exonuclease domain, can generate more than 8000 neoepitopes [12], fostering and
resulting in a highly immunogenic microenvironment as reﬂected by increased numbers of peri-tumoral and tumor-inﬁltrating lymphocytes
(TILs) and concomitant elevated PD-1 or PD-L1 expression [13]. POLEmutated tumors demonstrate a high frequency of C-to-A transversions
[2]. In addition to endometrial cancers, somatic POLE mutations have
also been found in colorectal cancers, and rarely in breast, pancreatic,
gastric, bladder, and CNS tumors [14].
Several hypotheses have been proposed to explain why POLEmutated endometrial cancers are prognostically favorable. As will be
discussed in subsequent sections, a leading hypothesis is that the extremely high mutational burden and neoepitope landscape may generate a robust immune response. A less favored hypothesis is that the
inherently defective DNA repair resulting from POLE mutations may
render tumor cells more susceptible to standardly used chemotherapy,
though in vitro data from patient-derived cell lines harboring POLE mutations actually demonstrated platinum resistance rather than susceptibility [13]. Another less favored hypothesis is that the numerous
mutations may prove overall deleterious to the tumor cell, rendering
it less capable of proliferation or metastasis, however POLE-mutated tumors have presented as widespread disease and can recur [15].

4. Pathology
Figs. 1 and 2 demonstrate histologic features of the primary tumor
and the tumor recurrence.
At initial diagnosis, the patient had a primary uterine grade 2
endometrioid adenocarcinoma, with an increase from grade 1 to 2
based on cytologic atypia. The majority of the tumor was compromised of glandular areas with features resembling serous histology
including irregular luminal borders, cell tufting and high nuclear
grade (Fig. 1, A and B). IHC staining for p53 showed a wildtype pattern, supporting endometrioid type (Fig. 1, D). A minor component
resembled a more classical endometrioid morphology with cribriform glands and smooth luminal borders with squamous differentiation (Fig. 1, C). There were scattered lymphocytes within the
tumor. Tumor inﬁltrating lymphocytes and peritumoral lymphocytes were not brisk (Fig. 1, B and C). IHC staining of the tumor
showed retention of nuclear expression of MMR proteins MLH1,
PMS2, MSH2, and MSH6 (Fig. 1, E–H).
In the recurrent specimen, the metastatic endometrial carcinoma
was identiﬁed at all metastatic sites, involving the liver, stomach, pancreas, ligament of Treitz, and one lymph node. The recurrent carcinoma
was heterogeneous in appearance with glandular and solid architecture
(Fig. 2, A). Some areas resembled more classical endometrioid adenocarcinoma, while others had high-grade cytomorphology (Fig. 2,
B) and clear cell morphology (Fig. 2, C). IHC staining of the tumor
showed a p53 wildtype staining pattern (Fig. 2, D) and retention of nuclear expression of MMR proteins (Fig. 2, E–H).
These complex histologic features and discordance between outside
and internal pathology review highlight the difﬁculty in identifying
POLE mutated cases on a purely histologic basis. High-grade
endometrioid and serous carcinomas may be particularly difﬁcult to distinguish histopathologically, and signiﬁcant interobserver variability in
diagnosis has been observed [16].
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5. Molecular features of POLE-mutated tumors and mutational signature analysis
Next generation sequencing assays have become increasingly valuable in the era of molecular medicine, due in part, to the ability to identify genomic alterations beyond small insertions and deletions. In
addition to somatic mutations, large structural rearrangements which generate novel fusion proteins and copy number changes (i.e.
gene ampliﬁcations or deletions) - can also be identiﬁed. Tumor mutational burden, i.e. the number of non-synonymous somatic mutations
that occur per megabase of exonic sequence data across all the targeted
genes on the panel, can also be calculated.
The OncoPanel assay developed at Dana-Farber Cancer Institute is a
targeted next generation sequencing assay [1,17]. In addition to detecting somatic mutations, the OncoPanel assay also detects copy number
variation, identiﬁes structural DNA rearrangements, and performs mutational signature analysis. The current version of the OncoPanel test,
and the version used for this patient's specimens, surveys exonic sequences in 447 genes implicated in cancer biology and 191 regions
across 60 genes for rearrangement detection.
The mutational signature analysis is a unique aspect of this panel.
The method of mutational signature analysis was initially developed
for whole exome sequencing (WES) and has recently adapted for target
sequencing panels. By analyzing the nucleotide substitutions across all
sequenced exomes with pattern recognition software, samples can be
classiﬁed by the pattern of the mutational changes [18,19]. Mutational
signatures that can be detected with this approach include patterns of
DNA damage associated with UV light exposure, tobacco exposure,
alkylating agent exposure, dysregulation of apolipoprotein B mRNA
editing enzyme (APOBEC), MMR deﬁciency, and impaired DNA POLE
function. Each carcinogen or DNA repair defect leaves a characteristic
pattern in the mode of alterations in the DNA. For example, MMR deﬁciency signature is detected by determining the number of small insertions and deletion events occurring in regions with microsatellite
repeats within exonic sequence data across all genes on the panel
[20]. The POLE signature on the other hand exhibits a strand bias for
C-to-A mutations at TpCpT locations and T-to-G mutations in TpTpT genomic context. Currently 30 mutational signatures have been characterized; a list and descriptions can be obtained from the Catologue of
Somatic Mutations in Cancer (COSMIC) database. A specimen is considered to harbor a mutational signature if the signature is detected, therefore it is possible for a specimen to have more than one (or none)
signatures attributed.
POLE-mutated endometrial cancer has typically been associated
with microsatellite stable phenotype, although occasional examples of
co-occurrence of MMR deﬁciency and POLE-mutations have been reported. The presence of MMR deﬁciency, or MSI, is detected clinically
by three methods: MMR protein IHC to detect loss of MMR protein expression, PCR at a panel of microsatellite loci in the genome to detect
repetitions, or by observation of a MMR mutational signature in next
generation sequencing tests. None of these methods is speciﬁc for the
mechanism that resulted in MMR deﬁciency. If MMR deﬁciency is detected by any of these methods, additional testing for inherited Lynch
syndrome is recommended.
Several mechanisms have been proposed for incidences of cooccurrence of MMR deﬁciency and POLE-mutated phenotypes. Individual POLE mutations may induce speciﬁc genomic mutation patterns. A
recent report has characterized mutational signatures of 232 endometrial cancers and 57 carcinosarcomas with WES from the TCGA cases
[11]. Among the 17 endometrial cancer patients in TCGA with POLE exonuclease domain mutations, 13 (76%) harbored a dominant COSMIC signature 10, associated with high numbers of somatic mutations (i.e.
ultramutators) and POLE mutations. Of the remaining four cases, one
had a dominant aging signature (COSMIC signature 1), one had a dominant MMR deﬁciency signature (COSMIC signature 6), and two had
dominant COSMIC signature 14 which has also been associated with
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high somatic mutation burden [18], suggesting that speciﬁc POLE mutations may have speciﬁc inﬂuences on genomic integrity. The majority of
cases were also classiﬁed as microsatellite stable (76%), and POLEmutated endometrial cancers with a dominant POLE signature 10
were less likely to be classiﬁed as MSI-high compared to those with an
alternate mutational signature (8% versus 75%). Another mechanism
for co-occurrence of MMR deﬁciency and POLE-mutation has also been
described, in which MSI is thought to occur from somatic inactivation
of an MMR gene, consequent to a truncal POLE mutation [21–23]. Thus
the type and interpretation of molecular testing impacts correct identiﬁcation of POLE-mutated tumors.
In the case reported here, OncoPanel testing detected a POLE signature in the primary tumor, consistent with the ultra-mutated phenotype, and POLE exon 13 hotspot mutation (p.V411L). In addition, a
mutational signature of MSI was also detected. MMR status by both
IHC and PCR on the other hand demonstrated a microsatellite stable
(MSS) pattern, suggesting that the MSI mutational signature here may
be a consequence of the high mutational frequency and not true evidence of MSI. Interestingly, these molecular and histologic characteristics were retained in the metastatic specimen, where a POLE
mutational signature was again identiﬁed in the recurrence, along
with persistence of the POLE p.V411L mutation, the MSI mutational signature and retained expression of MMR proteins (Table 1). These ﬁndings are consistent with a microsatellite stable and POLE-mutated
endometrial cancer.

6. Algorithms for molecular evaluation of endometrial cancer
Due to interobserver discordance and lack of speciﬁc histologic features, molecular characterization of endometrial cancer is necessary to
identify POLE-mutated cases. This testing, however is not yet standard
of care.
The identiﬁcation of four genomically-distinct groups of endometrial
carcinomas in the landmark TCGA study raises the question of how best
to incorporate molecular markers into clinical practice. Several groups
have since attempted to reproduce these subgroups using more clinically accessible techniques for molecular characterization [24–29].
Like the TCGA, these methods attempt to classify endometrial cancers
into mutually exclusive categories based on molecular features. These
algorithms largely differ in terms of the sequence and speciﬁc assays
used for molecular classiﬁcation. For example, in the transPORTEC analysis, p53 mutation status was assessed by p53 IHC, followed by TP53 sequencing in cases with indeterminant IHC, followed by testing for MMR
deﬁciency by MSI analysis, and then sequencing of POLE at exons 9 and
13 [24]. In contrast, the decision tree for the Proactive Molecular Risk
Classiﬁer for Endometrial Cancer (ProMisE) study differs in determining
MMR IHC ﬁrst, followed by POLE sequencing, and then p53 IHC [28].
Bosse et al. applied genomic subgroup classiﬁcations to high-grade
(grade 3) endometrioid endometrial carcinomas [25]. POLE mutation
status by Sanger sequencing of exons 9–14, MMR deﬁciency by IHC,
and p53 mutation by IHC were used to classify four subgroups. Cases
which could not be assigned due to ambiguity of a test or the presence
of more than one classiﬁer were excluded. Notably, grade 3
endometrioid endometrial carcinomas fell across all four
prognostically-correlated molecular subgroups, further supporting
that molecular alterations cannot be precisely predicted from histology
alone.
While these molecular algorithms contribute to moving diagnosis beyond histology and have demonstrated prognostic signiﬁcance, several issues remain unaddressed: how to appropriately
sequence the order of classiﬁcation, how to classify tumors that
harbor multiple genomic alterations (e.g. concurrent POLE and
TP53 mutations, or concurrent MSI and TP53, both of which have
been seen), and how to incorporate these molecular characterizations into clinical practice.
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7. Management of POLE-mutated endometrial cancers and role for
immunotherapy
The treatment implications of a POLE-mutation or ultramutated
tumor have not yet been deﬁned. Although there is evidence that
these tumors are associated with early stage and low rate of recurrence,
is this because they are often found early, or because they respond well
to the adjuvant radiation regimens prescribed for high risk, early stage
endometrial cancer? Without additional prospective data incorporating
molecular classiﬁcations, it is not known if these tumors should be
treated differently in the adjuvant setting, and can have adjuvant treatment safely withheld, as is the case for early stage MSI-H colorectal cancers [30].
Despite the generally favorable prognosis of POLE-mutated tumors,
recurrences have been reported. The optimal treatment in the advanced
and recurrent setting has not yet been established. Evidence is accumulating, however, that these tumors illicit an immune response and may be
candidates for immune checkpoint inhibition. POLE-mutated cancers
have been associated with high tumor mutation burden, neoantigen
load, and the presence of tumor-inﬁltrating T-cells, which have been proposed the potential mechanisms for the favorable prognosis, and perhaps
the basis of reported responses to immune checkpoint inhibition [12,31].
A report by van Gool et al. described the analysis of 150 endometrial cancers, and demonstrated that POLE-mutant endometrial cancers had increased lymphocytic inﬁltrate in comparison to POLE-wild type/MSIhigh and POLE-wild type/MSS subgroups [31]. Expression of CD8 on
tumor inﬁltrating lymphocytes was increased in POLE-mutant cases,
and 60% of POLE-mutant cases had above average number of CD8+ T
cells per high powered ﬁeld. Analysis of the TCGA endometrial cancer
cases further demonstrated increased expression of immune-activating
cytokines in POLE-mutant cases compared to MSI and MSS cases, including expression of genes encoding CD8, IFNγ, Tbet, perforin and
granzymes. Furthermore, POLE-mutated endometrial cancers demonstrated increased production of tumor neoantigens, suggesting a potential
mechanism of immune system activation. Our group previously described in silico analysis of TCGA endometrial cancer cases using
neoantigen prediction software. This work demonstrated that POLEmutated endometrial cancers have 15-fold higher median neoantigen
load per tumor compared to MSI cases, and 118-fold higher neoantigen
load compared to MSS cases [12]. These ﬁndings support a model in
which POLE mutation leads to genomic instability, which results in high
mutational burden and production of abundant tumor neoantigens,
which in turn leads to cytotoxic immune cell inﬁltration and activation.
The robust immune cell inﬁltration and cytokine gene expression
signature suggest immune system activation in POLE-mutated endometrial cancers. Markers of immune evasion and exhaustion are also more
abundant, however. Expression of LAG-3, TIM-3, PD-1, PD-L1 and CTLA4
genes is increased in POLE-mutant tumors compared to MSI and MSS
cancers [31]. This is also supported by IHC data, which demonstrate increased intraepithelial and peritumoral PD-1 expression POLE-mutant
and MSI tumors relative to MSS tumors [12]. POLE-mutated endometrial
cancers are also signiﬁcantly more immunogenic. In cell culture model
systems, dendritic cells pulsed with tumor extracts from POLE-mutant
tumors promoted abundant CD4+ and CD8+ T cell proliferation in
comparison to extracts from wild type endometrial cancers [32].
There is active interest in the evaluating the use of PD-L1 expression
as an additional biomarker for response to immune checkpoint inhibition in a variety of solid tumors, including endometrial cancer. Fig. 3
demonstrates PD-L1 expression in this patient's recurrent specimen.
PD-L1 was negative in the tumor cells and positive in 10% of immune
cells in the tumor microenvironment. This is consistent with prior reports in endometrial cancer demonstrating increased expression of
PD-L1 in the stroma of sporadic MSI-high endometrial cancers [33],
and in POLE-mutated cancers [12] compared to microsatellite stable
(MSS) cases, and a generally low expression of PD-L1 in the tumor
cells in all groups [12,33].

Fig. 3. PD-L1 immunohistochemical staining of the metastatic recurrent endometrial
adenocarcinoma showing positivity in some of the inﬁltrating immune cells (10%) and
negativity in the tumor cells (200×).

Several clinical trials have investigated the role of immune checkpoint inhibitors in endometrial cancers. In an unselected endometrial
cancer population, the anti-PD-1 agent atezolizumab demonstrated a
trend toward an association of stromal PD-L1 expression and response.
Two of two patients in an endometrial cancer cohort who had a partial
response to atezolizumab had tumors that exhibited PD-L1 expression
on greater than 5% of immune cells [34]. In the endometrial cancer cohort of KEYNOTE-028, patients with PD-L1 positive endometrial cancers
were enrolled, where PD-L1 positive was deﬁned as staining in at least
1% of tumor and associated inﬂammatory cells or positive staining in
the stroma. In this PD-L1 positive population, overall response rate
was 13% [35]. These studies were not selected for MSI or POLE mutation
status. Studies are ongoing to more clearly deﬁne the relationship between MSI and POLE status and response to immune checkpoint inhibition. An ongoing study of avelumab in a cohort of POLE and MSI mutated
cancers and a second cohort of MSS endometrial cancer has shown preliminary response rates of 37.5% in the MSI/POLE cohort but only 5% in
the MSS cohort [36]. Several cases of POLE-mutated cancers responding
to immune checkpoint inhibition have also been reported in the literature [15,35,37].
Immune checkpoint inhibition may offer possibility for extreme and
durable responses, however the appropriate timing for their incorporation into the treatment of these cancers is an open question.
8. Case resolution
Less than three months following secondary cytoreductive surgery,
the patient experienced widespread multifocal recurrence of her cancer.
Because next generation sequencing testing demonstrated POLE
ultramutator phenotype, she was started on systemic treatment with
the immune checkpoint inhibitor, pembrolizumab. She received three
cycles, and underwent restaging imaging. Computed tomography imaging of the chest, abdomen and pelvis demonstrated a dramatic response,
with a reduction in size of all lesions (Fig. 4). Multiple hepatic metastases have decreased in size with the largest 1.6 cm from 2.3 cm, perigastric mass now 1.9 cm from 7.4 cm, and decreased size of mesenteric
nodules and small retroperitoneal lymph nodes. She has now received
six cycles and continues on pembrolizumab. This robust response supports the hypothesis that somatic mutations in the POLE exonuclease
domain generate genome-wide instability resulting in increased presentation of neoantigens, thus priming the tumor immune microenvironment to the effects of immune checkpoint inhibition. Furthermore,

J.T. Veneris et al. / Gynecologic Oncology 153 (2019) 471–478

477

Fig. 4. Computed tomography (CT) scan of the chest, abdomen and pelvis at the time of second recurrence (left) and following three cycles of therapy with immune checkpoint inhibitor
(right). The top panels demonstrate a large 7.4 cm mass in the central abdomen surrounding the superior mesenteric artery (yellow arrow), with marked shrinkage following immune
checkpoint inhibition. The middle panels demonstrate a cross section of this mass at the level of the left renal vein with several hepatic metastases, all reduced in size following
immune checkpoint inhibition. The inferior panels demonstrate a cross section from the level of the right and middle hepatic veins, which depicts several hepatic metastases, reduced
in size in number following immune checkpoint inhibition.

these ﬁndings support the use of high tumor mutation burden, POLE
mutation, and genomic POLE mutational signature as tools to predict response to immune checkpoint inhibitors, beyond MSI status. These ﬁndings support the use of immune checkpoint inhibitors in the treatment
of patients with recurrent POLE-mutated endometrial cancer.
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