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The Cancer Genome Atlas described four major genomic groups of endometrial carcinomas, including a POLE

ultramutated subtype comprising B10% of endometrioid adenocarcinoma, characterized by POLE exonuclease

domain mutations, ultrahigh somatic mutation rates, and favorable outcome. Our aim was to examine the

morphological and clinicopathological features of ultramutated endometrial carcinomas harboring somatic

POLE exonuclease domain mutations. Hematoxylin and eosin slides and pathology reports for 8/17 POLE-

mutated endometrial carcinomas described in the Cancer Genome Atlas study were studied; for the remaining

cases, virtual whole slide images publicly available at cBioPortal (www.cbioportal.org) were examined. A

second cohort of eight POLE mutated endometrial carcinomas from University of Calgary was also studied.

Median age was 55 years (range 33–87 years). Nineteen patients presented as stage I, 1 stage II, and 5 stage III.

The majority of cases (24 of the 25) demonstrated defining morphological features of endometrioid

differentiation. The studied cases were frequently high grade (60%) and rich in tumor-infiltrating lymphocytes

and/or peri-tumoral lymphocytes (84%); many tumors showed morphological heterogeneity (52%) and

ambiguity (16%). Foci demonstrating severe nuclear atypia led to concern for serous carcinoma in 28% of

cases. At the molecular level, the majority of the Cancer Genome Atlas POLE-mutated tumors were micro-

satellite stable (65%), and TP53 mutations were present in 35% of cases. They also harbored mutations in PTEN

(94%), FBXW7 (82%), ARID1A (76%), and PIK3CA (71%). All patients from both cohorts were alive without

disease, and none of the patients developed recurrence at the time of follow-up (median 33 months; range 2–102

months). In conclusion, the recognition of ultramutated endometrial carcinomas with POLE exonuclease

domain mutation is important given their favorable outcome. Our histopathological review revealed that these

tumors are commonly high grade, have obvious lymphocytic infiltrates, and can show ambiguous morphology.

As they frequently harbor TP53 mutations, it is important not to misclassify them as serous carcinoma.
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The Cancer Genome Atlas (TCGA) recently reported
on the genomic, transcriptomic, and proteomic

analysis of 373 endometrial carcinomas using
massively parallel sequencing and array-based tech-
nologies, in combination with DNA methylation,
reverse-phase protein array, and microsatellite in-
stability analyses.1 Based on the integration of the
somatic gene mutations, microsatellite instability,
and somatic copy-number alterations results,
endometrial carcinomas were categorized into four
genomic groups: (1) A group of ‘ultramutated’
tumors characterized by very high mutation rates,
all harboring mutations in the exonuclease domain
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of the polymerase epsilon (POLE) gene; (2) A
‘hypermutated’ group of endometrial carcinomas
characterized by microsatellite instability due to
MLH1 promoter methylation, with high mutation
rates and few copy-number alterations; (3) A ‘copy-
number low’ group comprised of most of the micro-
satellite stable grade 1 and grade 2 endometrioid
carcinomas with low mutation rates; and (4) A group
of ‘copy-number high’ tumors with extensive copy-
number aberrations, low mutation rates, and
recurrent TP53 mutations comprised of serous
carcinomas and 25% of FIGO (International Fede-
ration of Gynecology and Obstetrics) grade 3
endometrioid adenocarcinomas. With regards to
clinical outcome, ultramutated endometrial carcino-
mas with POLE exonuclease domain mutations had
a favorable progression-free survival as compared
with the other three TCGA genomic groups.1

The POLE gene encodes the catalytic subunit of
the DNA polymerase epsilon and is responsible for
the synthesis of the leading strand during DNA
replication. It also has an important role in the
recognition and removal of mispaired nucleotides
by its proof-reading capacity through the POLE
exonuclease domain.2,3 Missense mutations in the
exonuclease domain of POLE have recently been
described in lung carcinoma, colorectal carcinoma,
and endometrial carcinoma,4–7 and the TCGA re-
ported somatic POLE mutations in 3% of colorectal
carcinomas.5 Furthermore, Palles et al6 have shown
that germline mutations in POLE and POLD1
predispose to colorectal adenomas and carcinomas.
The same group also found somatic POLE
exonuclease domain mutations in 7% of sporadic
endometrial carcinomas.7 However, the morpho-
logical features of cancers harboring POLE
mutation have not been studied as yet. Given the
reported favorable outcomes of ultramutated endo-
metrial carcinomas harboring somatic POLE
exonuclease domain mutations by the TCGA and
the lack of morphological studies on this genomic
subtype, we sought to determine the morphological,
clinicopathological, and molecular features of
ultramutated endometrial carcinoma with somatic
POLE exonuclease domain mutations.

Materials and methods

Study Cohorts

Two cohorts were studied: the cohort of cases
reported by the TCGA,1 and a cohort from the
University of Calgary.8 The TCGA collected 373
endometrial carcinomas from multiple institutions,
of which 307 were endometrioid adenocarcinomas
(88 FIGO grade 1, 105 FIGO grade 2 and 111 FIGO
grade 3), 53 were serous carcinomas and 13 were
mixed endometrioid and serous carcinoma. For 248
endometrial carcinomas, an integration of the whole
exome sequencing, microsatellite instability testing,

and somatic gene copy-number profiling data was
performed. The accrual of cases was skewed toward
the higher-grade tumors to generally reflect a cross-
section of individuals prone to develop recurrent
endometrial cancer.1 Other histological subtypes
such as clear cell carcinoma and malignant mixed
Mullerian tumors were not included in their
analysis. All 17 ultramutated endometrial carcino-
mas harboring POLE exonuclease domain mutation
(EC-POLEs) identified in the TCGA study were
included in this study. These 17 cases were
classified histologically as endometrioid adenocar-
cinoma by the TCGA reviewers. Representative
hematoxylin and eosin (H&E)-stained slides (range
1–6 slides) from eight cases were retrieved from
three academic institutions, including Memorial
Sloan Kettering Cancer Center, Mayo Clinic, and
Cedars-Sinai Hospital, whereas the remaining nine
cases were evaluated using virtual whole slide
images publicly available on the cBioPortal website
(www.cbioportal.org).9 The pathology reports,
clinical data, including follow-up information, and
molecular data from the TCGA cases were abstracted
via the cBioPortal website (www.cbioportal.org) and
the TCGA data portal website (https://tcga-
data.nci.nih.gov/tcga).

For the University of Calgary cohort, 99 high-
grade endometrial carcinomas (53 FIGO grade 3
endometrioid adenocarcinomas, 25 serous carcino-
mas, 16 clear cell carcinomas, and 5 undifferen-
tiated/dedifferentiated carcinomas) were obtained
from Tom Baker Cancer Center/University of Cal-
gary, Calgary, AB, Canada and screened for the pre-
sence of somatic POLE mutation in the exonuclease
domain8 (see below); 8 EC-POLEs were identified.
The clinical and demographic information of these
eight EC-POLEs were extracted from the medical
records.8 Ethical approval was received from the
institutional research ethics board. Overall, a total of
25 EC-POLEs were included in this study. Two
pathologists (YH and RAS) reviewed all available
H&E-stained slides and virtual slide images.

POLE Mutation Detection

TCGA: The information on the EC-POLEs was
retrieved from the cBioPortal (www.cbioportal.org)
and the TCGA data portal (https://tcga-data.nci.
nih.gov/tcga) websites. Mutations were identified
using whole exome sequencing.1

University of Calgary: DNAwas extracted from 99
high-grade endometrial carcinomas, and 50ng geno-
mic DNA was subjected to PCR using High-Fidelity
Tag DNA polymerase (Invitrogen, Carlsbad, CA,
USA) via primer sets that cover the exonuclease
domain regions of POLE.7 PCR products were
electrophoresed to confirm the presence of the
desired amplicons and the absence of off-target
amplification products. PCR amplicons were then
purified using Axygen AxyPrep Mag PCR Clean-up
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Kits according to the manufacturer’s protocol
(Axygen Biosciences, Union City, CA, USA). Direct
bi-directional Sanger sequencing was performed on
a 3730xl DNA Analyzer (Applied Biosystems,
Carlsbad, CA, USA) with 96 capillaries. All POLE
mutation-positive samples were re-sequenced to
confirm mutational status.

Morphological Assessment

Tumors were classified according to the World
Health Organization classification.10 The criteria
were refined to more precisely discriminate FIGO
grade 3 endometrioid carcinomas from solid and
glandular serous carcinomas as described
previously.11,12 Tumors were graded using the 1988
FIGO system.13

Several morphological features were assessed
including nuclear grade, which was classified as
high grade when the tumor demonstrated variations
of 43 times nuclear size, highly irregular nuclear
contours, striking hyperchromasia, and/or promi-
nent nucleoli. The mitotic index, expressed as
mitoses per 10 high-power fields, and the presence
of tumor giant cells were assessed. The tumor
growth pattern was also evaluated (papillary, gland-
ular, or solid), and the predominant tumor architec-
tural pattern was reported.

The histological features associated with DNA
mismatch repair protein abnormalities as previously
described by Shia et al14 and Garg et al15 were also
evaluated, including tumor-infiltrating lympho-
cytes (Z40 lymphocytes/10 high-power fields),
peri-tumoral lymphocytes, and intra-tumoral
heterogeneity. For peri-tumoral lymphocytes, at
least one slide of tumor showed easily identifiable
lymphoid aggregates from scanning magnifica-
tion. Intra-tumoral heterogeneity was classified as
present when a tumor had Z2 clearly separate
morphological patterns (frequently of different

grade), each juxtaposed but not intimately
admixed, and each constituting at least 10% of the
tumor.

Tumors that failed to show prototypic features of a
certain histological type of endometrial carcinoma
were categorized as ‘morphologically ambiguous ‘ as
described by Soslow.16 These tumors were
distinguished from mixed epithelial carcinomas in
which two morphologically separate components of
different types were identified.

Tumors were also examined for the presence of
metaplastic changes (mucinous, squamous, secre-
tory, and eosinophilic change). Eosinophilic meta-
plasia was defined as present when the tumor cells
show polygonal cells with abundant eosinophilic
cytoplasm. The background endometrium, when-
ever available, was also evaluated.

Results

Patient Clinical Characteristics

The median age of patients with EC-POLEs was 55
years (range, 33–87 years; Table 1). The majority of
patients presented at an early stage (FIGO I–II; 80%),
whereas the remainder presented at an advance
stage (FIGO stage III; 20%).

All patients underwent surgical resection with
staging and had received no prior treatment for their
disease, including chemotherapy or radiotherapy. Of
the 8 patients who have received adjuvant therapy, 5
received radiation therapy, 2 received chemother-
apy, and 1 received chemoradiation, whereas 16
patients received no adjuvant treatment.

Morphological Findings

All EC-POLE tumors, except one (case 25), demon-
strated at least a component of endometrioid

Table 1 Clinical characteristics of patients with ultramutated endometrial carcinomas harboring POLE exonuclease domain mutation

Entire cohort (n¼25)
TCGA POLE genomic

subtype1 (n¼ 17)
University of

Calgary8 (n¼8)

Median age (range), years 55 (33–87) 54 (33–87) 56 (49–76)
BMI, kg/m2 26.6 (19.1–39.7) 29.3 (19.1–39.7) 24 (20.5–33.3)

Stage (FIGO 2009)
I 19 (76%) 12 (71%) 7 (87%)
II 1 (4%) 1 (5%) 0
III/IV 5 (20%) 4 (24%) 1 (13%)

Adjuvant therapy
Radiation therapy 6/24 (25%) 4/16a (25%) 2 (25%)
Chemotherapy 3/24 (7%) 3/16a (19%) 0

Recurrence None None None
Median follow-up (range), months 33 (2–102) 33 (2–102) 40 (2–95)

Abbreviations: POLE, polymerase epsilon gene; TCGA, The Cancer Genome Atlas.
aOne patient received chemoradiation.
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Table 2 Morphological features of ultramutated endometrial carcinomas harboring POLE exonuclease domain mutation

Case
no.

TCGA ID/
University of

Calgary case no.1,8
Histological
type

Architecture
grade

Nuclear
grade

FIGO
grade

Bizarre
nuclei

Mitoses/10
HPFs

Defining
features for

EMC

Features
suggestive

of SC TILs PTLs ITH Metaplasia

1 TCGA-A5-A0GP EMC 1 2 1 N 68 Y N N N N EOS,SQ
2 TCGA-AP-A051 EMC 3 3 3 Y 42 Y N Y Y N N
3 TCGA-AP-A056 EMC 3 3 3 Y 25 Y N Y Y N EOS
4 TCGA-AP-A059 EMC 3 3 3 Y 36 Y N Y Y Y SQ
5 TCGA-AP-A0LM Mixed EMC and SC 2 3 3 Y 18 Y Y Y Y Y EOS,SEC
6 TCGA-AX-A05Z EMC 2 2 2 N 17 Y N N N N N
7 TCGA-AX-A0J0 EMC 2 2 2 N 14 Y N N Y N SQ
8 TCGA-B5-A0JY EMC 3 2 3 N 17 Y N N N N EOS,SQ
9 TCGA-B5-A11E Mixed EMC and

ambiguous
3 3 3 Y 22 Y Y N Y N N

10 TCGA-B5-A11N EMC 1 2 1 N 12 Y N Y Y Y EOS,SEC
11 TCGA-BS-A0TC EMC 2 2 2 N 8 Y N Y Y Y SQ, MUC
12 TCGA-BS-A0UF Mixed EMC and

ambiguous
3 3 3 Y 19 Y Y Y Y Y EOS

13 TCGA-BS-A0UV Mixed EMC and
ambiguous

3 3 3 Y 45 Y Y Y Y Y EOS,SQ

14 TCGA-D1-A103 EMC 1 2 1 N 38 Y N Y N N N
15 TCGA-D1-A16X EMC 1 2 1 N 72 Y N Y Y N EOS
16 TCGA-D1-A16Y EMC 2 2 2 N 15 Y N Y Y Y EOS
17 TCGA-D1-A17Q EMC 2 2 2 Y 18 Y N Y Y Y EOS
18 C1 EMC 3 3 3 N 30 Y N Y Y N SQ
19 C2 Mixed EMC and SC 2 3 3 Y 18 Y Y Y Y Y EOS
20 C3 EMC 3 3 3 N 80 Y N Y Y Y N
21 C4 EMC 3 3 3 N 42 Y N Y N Y EOS,SQ
22 C5 EMC 3 3 3 N 48 Y N N N N SQ
23 C6 EMC 2 2 2 N 19 Y N Y Y N EOS
24 C7 Mixed EMC and SC 3 3 3 Y 37 Y Y Y Y Y EOS,SQ
25 C8 Ambiguous 3 3 3 N 18 N Y Y Y Y EOS

Abbreviations: EMC, endometrioid carcinoma; EO, eosinophilic; HPF, high-power field; ITH, intra-tumoral heterogeneity; MU, mucinous; N, no; POLE, polymerase epsilon gene; PTLs: peri-tumoral
lymphocytes; SC, serous carcinoma; SEC, secretory; SQ, squamous; TCGA, The Cancer Genome Atlas; TILs, tumor-infiltrating lymphocytes; Y, yes.
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differentiation (Table 2). Eighteen cases showed
pure endometrioid histology, three tumors were
mixed endometrioid and serous carcinoma, three

tumors were mixed endometrioid with an ambig-
uous component, and one case was uniformly of
ambiguous morphology (Table 2).

Fifteen of the 25 (60%) cases were of FIGO grade
III/high grade. Intra-tumoral heterogeneity was
noted in 13 of the 25 (52%) cases. Twenty-one of
the 25 (84%) EC-POLEs showed increased tumor-
infiltrating lymphocytes and/or peri-tumoral lym-
phocytes (Figures 1 and 2). There was one case (case
4) that showed lymphoepithelioma-like morphology
(Figure 3).

Eosinophilic cytoplasmic change was seen in
approximately two-thirds of the EC-POLEs inclu-
ded in this study (15 of the 25, 60%; Figure 4),
whereas squamous, secretory, and mucinous
metaplasia was noted in 10 (40%), 2 (8%), and 1
(4%) cases, respectively. Bizarre/giant tumor cell
nuclei were observed in 10 of the 25 (40%) tumors
(Figure 5).

Two recognizably different components were ob-
served in 6 of the 25 cases analyzed. Cases 5, 19, and

Figure 1 An example of ultramutated endometrial carcinoma
with POLE exonuclease domain mutation containing tumor-
infiltrating lymphocytes.

Figure 2 An example of ultramutated endometrial carcinoma
with POLE exonuclease domain mutation demonstrating peri-
tumoral lymphocytes.

Figure 3 Lymphoepithelioma-like areas were observed in one of
the cases (case 4).

Figure 4 Eosinophilic cytoplasmic change.

Figure 5 An example of ultramutated endometrial carcinoma
with POLE exonuclease domain mutation demonstrating large
bizarre nuclei.
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24 demonstrated morphological heterogeneity, char-
acterized by foci of endometrioid differentiation,
either in the form of glandular areas with smooth
luminal borders and low-intermediate nuclear grade

(cases 5 and 19) or predominant solid growth pattern
with low-intermediate nuclear grade and squamous
differentiation (case 24) (Table 2). The endometrioid
areas in these three cases were juxtaposed to high-
grade components of papillary and glandular archi-
tecture, exhibiting irregular luminal borders with

Figure 6 (a) Case 5: ‘mixed endometrioid and serous carcinoma’.
(b) Endometrioid glandular component with straight luminal
borders, secretory change, and low nuclear grade. (c) Glandular
architecture with irregular luminal borders, tumor cell budding,
and marked nuclear atypia; these features are suggestive of serous
carcinoma, but the presence of tall columnar cells also recalls
endometrioid differentiation.

Figure 7 (a) Case 24: ‘mixed endometrioid and serous carcinoma’.
(b) Papillary and glandular component with high nuclear grade,
suggestive of serous carcinoma. (c) Solid component with
confirmatory endometrioid features in the form of squamous
differentiation.
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tumor cell budding and tufting, and marked nuclear
atypia and pleomorphism, morphologically resem-
bling serous carcinoma (Figures 6 and 7). For the
purpose of this study, we categorized cases 5, 19, and
24 as mixed endometrioid and serous carcinoma.

Similarly, cases 9, 12, and 13 not only showed
confirmatory features of endometrioid adenocarci-
noma (at least focally) but also had predominant
solid components with marked nuclear atypia and
pleomorphism, an ambiguous morphology between
endometrioid and solid serous carcinoma. For the
purpose of this study, we classified cases 9, 12, and
13 as mixed endometrioid and ambiguous.

In contrast to the remaining cases, case 25 failed to
show any confirmatory or defining features of
endometrioid differentiation. Rather, it displayed
diffusely ambiguous morphology between endome-
trioid, serous, and oxyphilic clear cell carcinoma
(Figure 8). The tumor had a prominent papillary
architecture with smooth luminal borders and a
focal solid component. The tumor cells were
monomorphic polygonal to low columnar cells with
abundant eosinophilic cytoplasm, prominent
nucleoli, intermediate-to-high nuclear grade, and
numerous mitotic figures. Focal cytoplasmic clear-
ing was present in the solid areas. There was dense
peri-tumoral lymphocytic infiltrate as well as nu-
merous tumor-infiltrating lymphocytes.

Clinical Outcome

The median follow-up of the TCGA cohort was 33
months (range, 2–102 months), while it was 40
months (range, 2–95 months) for the University of
Calgary cohort (Table 1). None of the 25 EC-POLE
patients developed disease progression during
follow-up.1,8 In the TCGA study, patients with
EC-POLEs had a favorable progression-free survival
as compared with patients with endometrial
carcinomas of the other three genomic subtypes

(ie, microsatellite instability-high hypermutated,
copy-number low, and copy-number high
endometrial carcinoma).1 These findings were
confirmed in the University of Calgary cohort, as
the presence of POLE exonuclease domain mutation
was a shown to be a significant prognostic parameter
for progression-free survival (P¼ 0.01) in univariate
and multivariate analysis adjusted for age and FIGO
stage.8

Molecular Data

The genomic analysis of endometrial carcinomas by
the TCGA revealed that the 17 EC-POLE tumors iden-
tified showed very high mutation rates (232� 10�6

mutations per Mb) and were characterized by an
increased frequency of C4A transversions.1 Of the 17
ultramutated EC-POLE tumors, 13 (76%) harbored
hotspot missense mutations in the POLE exonuclease
domain at Pro286Arg (n¼ 8) and Val411Leu (n¼ 5),
while the remaining 4 cases had other variants
targeting the exonuclease domain of the POLE gene
(Supplementary Table S1).1 Of note, not all
endometrial carcinomas harboring POLE mutation
were of ultramutated phenotype. In fact, POLE
mutations were found in 10 additional cases within
the other 3 TCGA genomic subtypes. Eight of the 10
additional tumors had POLE mutations in the non-
exonuclease domain (5 microsatellite instability-high
hypermutated endometrial carcinomas, 2 copy-
number low endometrial carcinomas, and 1 copy-
number high endometrial carcinoma), whereas for
the remaining 2 cases (copy-number low) POLE mu-
tation was in the exonuclease domain.17

When analyzing the frequency of commonly
mutated genes and microsatellite instability in
endometrial carcinomas of the four distinct geno-
mic subtypes from the TCGA data, we observed
that the majority of EC-POLEs harbored mutations
in PTEN (94%), ARID1A (76%), and KRAS (51%)

Figure 8 A morphologically ambiguous ultramutated endometrial carcinoma with POLE exonuclease domain mutation (case 25) with
features of FIGO grade 3 endometrioid and serous carcinoma and, focally, oxyphilic clear cell carcinoma (not shown). (a) Low
magnification. (b) High magnification.
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(Table 3), which are typically seen in endometrioid
but rarely in serous tumors.18–20 It should be noted,
however, that a subset but not all of the mutations
targeting KRAS or PIK3CA in EC-POLEs are known
hotspot mutations, and it has been suggested that
these non-hotspot mutations might be functionally
suboptimal as compared with hotspot mutat-
ions.8,21 Interestingly, TP53 mutations, which are
characteristic for endometrial serous carcinomas
(490%), were present in 6 of the 17 (35%) EC-
POLE tumors.1 Of these six cases, four harbored
nonsense/frameshift TP53 mutations and two
pathogenic missense TP53 mutations (www.
cBioPortal.org).9 The majority of the TCGA EC-
POLE tumors were microsatellite-stable (11 of the
17; 65%); however, 3 cases (18%) were microsatel-
lite instability-high, 2 of which showed MLH1
hypermethylation, and 3 cases were microsatellite
instability-low (18%). Interestingly, none of the
three microsatellite instability-high EC-POLE
cancers harbored POLE hotspot mutations (ie,
Pro286Arg or Val411Leu).

For the University of Calgary cohort, all eight EC-
POLE tumors were identified through Sanger se-
quencing of the POLE exonuclease domain, and four
and one cases harbored mutations at the hotspots
Pro286Arg, and Val411Leu, respectively, whereas
two cases had a Thr278Met and one case a
Ser297Phe POLE missense mutation (Supple-
mentary Table S1).8 The TP53 mutation status was
not assessed in these eight EC-POLE cases; however,
one had aberrant p53 immunohistochemical expre-
ssion, and seven of the eight tumors had retained
DNA mismatch repair protein by immunohisto-
chemistry.

Discussion

Our study shows that endometrial cancers of POLE
ultramutated subtype as described by the TCGA are
frequently high grade. Almost all the cases in our
series had confirmatory features of endometrioid
differentiation, at least focally; however, consider-
able intratumoral heterogeneity was seen in a
significant subset of cases. In occasional cases,

components with serous carcinoma features were
noted (cases 5, 19, and 24), while other cases (cases
9, 12, and 13) demonstrated components with
ambiguous morphology (overlapping histological
features of endometrioid and serous carcinoma).
For the purpose of this study, we classified the
former group as mixed endometrioid and serous
carcinoma and the later as ‘mixed endometrioid and
ambiguous’. Nevertheless, we believe that these
‘mixed tumors’ intrinsically represent endometrioid
adenocarcinomas, and we hypothesize that the
acquisition of ‘serous-like’ and ‘ambiguous’ features
might result from multiple somatic mutations that
occur secondary to the POLE mutations, such as
TP53 mutations. In fact, none of the cases in our
series had a pure prototypic serous carcinoma
morphology but neither do all bona fide serous
carcinoma cases.22

Church et al7 reported somatic POLE exonuclease
domain mutations in 7% of endometrial carcinomas.
In their study, 11 cases were of endometrioid
histology, while 2 tumors were reportedly serous

Table 3 Frequency of commonly mutated genes and microsatellite instability in the TCGA genomic subtypes of endometrial carcinoma

Gene mutation/
MSI

POLE (ultramutated),
N¼17

MSI (hypermutated),
N¼65

CN-low (endometrioid),
N¼90

CN-high (serous-like),
N¼60

TP53 35% 8% 1% 92%
PIK3CA 71% 54% 54% 60%
PTEN 94% 89% 77% 17%
ARID1A 76% 37% 42% 8%
FBXW7 82% 9% 6% 22%
PPP2R1A 29% 9% 1% 22%
MSI-H 18% 100% 3% 0%

Abbreviations: CN-high, copy-number high; CN-low, copy-number low; MSI-H, microsatellite instability-high; POLE, polymerase epsilon gene;
TCGA, The Cancer Genome Atlas. Data retrieved from TCGA and www.cBioPortal.org.1,9

Table 4 Clinicopathological features distinct between ultramu-
tated endometrial carcinomas harboring POLE exonuclease
domain mutation and serous carcinoma

EC-POLE Serous carcinoma

Clinical
Average age, years 54 (33–87) 69 (45–87)
Clinical outcome Favorable Worse

Morphology
SC-like features Focal/patchy Diffuse
Confirmatory EMC features þ �
TILs/PTLs þ �

Molecular
TP53 mutation 35% 490%
PTEN and ARID1A
mutation

94% and 76% 17% and 8%

SCNAs Low High

Abbreviations: EMC, endometrioid; POLE, polymerase epsilon gene;
POLE-EC, ultramutated endometrial carcinomas harboring POLE
exonuclease domain mutation; PTLs: peri-tumoral lymphocytes; SC,
serous carcinoma; SCNA, somatic copy-number alterations; TCGA,
The Cancer Genome Atlas; TILs, tumor-infiltrating lymphocytes. Data
retrieved from TCGA and www.cBioPortal.org.1,9
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carcinoma and 1 was endometrioid and serous
carcinoma. Two additional studies have found
POLE exonuclease domain mutation in 4 of the 57
serous carcinoma (7%) and 1 of the 13 serous
carcinoma (7%), respectively.23,24 There was no
mention of a centralized pathology review in any
of these studies, however. As the histological typing
of high-grade endometrial carcinoma can be
challenging, even among specialized gynecological
pathologists,12,22 it may be possible that these
tumors were misclassified.

Our histopathological review indicates that com-
ponents of EC-POLEs can show features suggestive
of serous carcinoma; however, there are several
clinical, pathological, and molecular differences
between EC-POLEs and serous carcinoma (Table 4).
Patients with EC-POLE are considerably younger,
compared with serous carcinoma, and have a
favorable outcome. Histologically, EC-POLEs almost
always show defining endometrioid features, at least
focally. In addition, focal or patchy marked nuclear
atypia, but not diffuse nuclear atypia, as seen in
serous carcinoma, can be found. Furthermore, in
contrast to serous carcinomas, the majority of EC-
POLEs show increased tumor-infiltrating lympho-
cytes and/or peri-tumoral lymphocytes. Finally, at
the molecular level, EC-POLEs have very high
mutation rates, low levels of gene copy-number
alterations, and frequently harbor mutations in
PTEN and ARID1A, all of which are rarely found
in serous carcinomas. Although the vast majority of
serous carcinoma harbor TP53 mutation, one third
of EC-POLEs may also be TP53-mutant, the clinical
significance of which is likely different than in
serous carcinomas. Therefore, when using immuno-
histochemistry to support a diagnosis of serous
carcinoma, p53 and a panel of ancillary immuno-
histochemical stains such as PTEN and ARID1A
may be used to discriminate serous carcinomas from
EC-POLEs. Distinction between EC-POLE with TP53
mutation or p53 aberrant expression and copy-
number high FIGO grade 3 endometrioid adenocar-
cinomas remains problematic, however. Although
we speculate that copy-number high FIGO grade 3
endometrioid adenocarcinomas would lack the
intratumoral morphological and immunophenoty-
pic heterogeneity of EC-POLEs, as well as dense
tumor-infiltrating lymphocytes and peri-tumoral
lymphocytes, this still needs to be ascertained.

The TCGA study and University of Calgary study
demonstrated that patients with EC-POLE have a
favorable outcome as compared with those with
tumors of other genomic subtype.1,8 None of the
EC-POLE patients in these series developed disease
progression, despite commonly being of high
histological grade. As Meng et al8 and Heitzer
et al21 had previously speculated, this may be a
result of the general or specific mutation burden
conferred by the ultramutated phenotype and the
dramatic increase in base substitutions, which could
be incompatible with tumor cell growth and

survival. Furthermore, it has been shown that
increased levels of tumor-infiltrating lymphocytes
are associated with favorable outcome,25,26 and the
majority but not all (84%) EC-POLEs cancers
analyzed here showed high levels of tumor-
infiltrating lymphocytes and peri-tumoral
lymphocytes.

Given their favorable prognosis, the recognition of
this subset of high-grade endometrial carcinoma is
important; however, these findings require further
investigation with larger number of cases and longer
follow-up. Currently, the only definite way to detect
EC-POLE tumors is by sequencing of the POLE gene.
Therefore the development of new ancillary markers
to enable the detection of these tumors is very
important.

Our study has some limitations. First, it is a
retrospective study. Second, only limited H&E slides
were available for some cases, while histological
review for nine cases was done via online virtual
whole slide images. Finally, this study included
heterogeneously treated patients with relatively
short follow-up. Despite these limitations, our study
is the first to date that describes the histopatholo-
gical features of EC-POLE cancers.

In conclusion, our histopathological review re-
vealed that EC-POLEs commonly show high-grade
histology and morphological heterogeneity and
ambiguity. As these cases frequently harbor TP53
mutations, but have a favorable outcome, it is of
importance not to misclassify EC-POLEs as serous
carcinoma. Clinicopathological review could aid in
the detection of EC-POLEs and the exclusion of
serous carcinoma, but POLE mutation can, at
present, only be reliably detected via sequencing of
the POLE gene exonuclease domain.
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