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abstract

PURPOSE The randomized Adjuvant Chemoradiotherapy Versus Radiotherapy Alone in Women With High-Risk
Endometrial Cancer (PORTEC-3) trial investigated the benefit of combined adjuvant chemotherapy and radiotherapy
(CTRT) versus radiotherapy alone (RT) for women with high-risk endometrial cancer (EC). Because The Cancer
Genome Atlas defined an EC molecular classification with strong prognostic value, we investigated prognosis and
impact of chemotherapy for each molecular subgroup using tissue samples from PORTEC-3 trial participants.

METHODS Paraffin-embedded tissues of 423 consenting patients were collected. Immunohistochemistry for p53
andmismatch repair (MMR) proteins, and DNA sequencing for POLE exonuclease domain were done to classify
tumors as p53 abnormal (p53abn), POLE-ultramutated (POLEmut), MMR-deficient (MMRd), or no specific
molecular profile (NSMP). The primary end point was recurrence-free survival (RFS). Kaplan-Meier method,
log-rank test, and Cox model were used for analysis.

RESULTSMolecular analysis was successful in 410 high-risk EC (97%), identifying the 4 subgroups: p53abn EC
(n 5 93; 23%), POLEmut (n 5 51; 12%), MMRd (n 5 137; 33%), and NSMP (n 5 129; 32%). Five-year RFS
was 48% for patients with p53abn EC, 98% for POLEmut EC, 72% for MMRd EC, and 74% for NSMP EC (P ,
.001). The 5-year RFS with CTRT versus RT for p53abn EC was 59% versus 36% (P 5 .019); 100% versus
97% for patients with POLEmut EC (P 5 .637); 68% versus 76% (P 5 .428) for MMRd EC; and 80% versus
68% (P 5 .243) for NSMP EC.

CONCLUSION Molecular classification has strong prognostic value in high-risk EC, with significantly improved
RFS with adjuvant CTRT for p53abn tumors, regardless of histologic type. Patients with POLEmut EC had an
excellent RFS in both trial arms. EC molecular classification should be incorporated in the risk stratification of
these patients as well as in future trials to target specific subgroups of patients.
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INTRODUCTION

The endometrial cancer (EC) molecular classification
introduced by The Cancer Genome Atlas1 has initiated
a transition toward molecular-based classification with
clear prognostic value and thus a potential impact on
the clinical care of patients with EC. The significant
prognostic differences among the 4 molecular sub-
groups have been replicated using surrogate markers
in formalin-fixed, paraffin-embedded (FFPE) tissues,
identifying analogous subgroups: p53-abnormal
(p53abn), POLE-ultramutated (POLEmut), mismatch
repair–deficient (MMRd), and no specific molecular
profile (NSMP) EC. The integration of the molecular
classification with clinicopathological features has resul-
ted in improved prognostic accuracy in intermediate-risk
EC as well as unselected cohorts,2-5 highlighting the
potential of the molecular classification to refine and
further individualize patients’ risk stratification.

Although patients with EC generally have a good
prognosis, 15%-20% have high-risk disease with in-
creased incidence of distant metastases and cancer-
related death. Characteristics defining high-risk EC are
high-grade disease, advanced stage, and/or non-
endometrioid histology. Adjuvant pelvic external beam
radiotherapy (EBRT) is a standard of care for patients
with high-risk EC.6 The randomized Adjuvant Che-
moradiotherapy Versus Radiotherapy Alone in Women
With High-Risk Endometrial Cancer (PORTEC-3) trial
investigated the benefit of combined adjuvant che-
motherapy and EBRT (CTRT) versus EBRT alone (RT)
in patients with high-risk EC.7 PORTEC-3 showed
a significant benefit in both overall survival (OS) and
failure-free survival (FFS) with CTRT, although the
absolute benefit was limited (5% for 5-year OS and
7% for 5-year FFS), and significantly more adverse
events occurred with CTRT. The greatest benefit was
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observed in serous cancers and stage III disease.8 How-
ever, because there is substantial interobserver variability in
assessment of pathologic factors that define high-risk,
especially in high-grade EC,9,10 it remains a challenge to
identify patients who will benefit from chemotherapy. In this
context, the molecular classification might help determine
appropriate adjuvant treatment.

Using tissue samples donated by PORTEC-3 clinical trial
participants, we investigated the prognostic relevance of
the molecular classification and the relationship between
the molecular subgroups and benefit from adjuvant CTRT
in patients with high-risk EC.

METHODS

Patient Selection and Study Design

FFPE tissue was collected from 423 consenting patients
from 5 of the 6 clinical trial groups participating in the
PORTEC-3 clinical trial.7 The design and results of the
PORTEC-3 trial have been reported previously7 and are
further described in the Data Supplement. Briefly, this in-
ternational phase III trial enrolled patients with high-risk EC
(endometrioid EC [EEC] grade 3 stage IA with documented
lymphovascular space invasion [LVSI]; EEC grade 3 stage IB;
EEC stage II-III; and nonendometrioid invasive EC stages I, II,
or III). Upfront central pathology review was done by ref-
erence gynecopathologists to confirm eligibility.11 Abdominal
or laparoscopic hysterectomy with bilateral salpingo-
oophorectomy was performed on all patients. Patients
were randomly allocated 1:1 to EBRT alone or CTRT
(2 cycles of cisplatin followed by 4 cycles of carboplatin and
paclitaxel). The study was approved by the Dutch Cancer
Society and ethics committees of participating groups.

Procedures

Immunohistochemical staining for p53 and MMR proteins
(MLH1, PMS2, MSH2, and MSH6) was performed on all
cases (see Data Supplement for procedures and scoring).
If p53 immunohistochemistry was not evaluable, TP53

mutational status was used (n 5 9; 2.1% of the total 423
EC cases). If MMR immunohistochemistry was not
evaluable, microsatellite instability (MSI) was assessed
(n5 8; 1.9%) using the MSI analysis system, version 1.2
(Promega, Madison, WI).

DNA isolation was performed as described previously.12

POLE mutational status was assessed by next-generation
sequencing using the AmpliSeq Cancer Hotspot Panel,
version 5 (Thermo Fisher Scientific, Waltham, MA), a panel
including POLE exonuclease domain and TP53, as de-
scribed in the Data Supplement. If sequencing with the
panel failed, KASPar competitive allele-specific polymerase
chain reaction (LGC Genomics, Berlin, Germany) assays
were used to screen for POLE hotspot variants at codons
286, 297, 411, 456, and 459 (primer sequences are
available upon request). POLE exonuclease domain mu-
tations (EDMs) were considered pathogenic (in this context,
mutations causative of ultramutation) following previously
defined criteria.13 Sequencing and immunohistochemistry
results were evaluated blinded for patient outcome.

If $ 1 of the molecular features (p53, MMR, and/or POLE
status) could not be determined (eg, not enough tumoral
material or testing failed), and thus the molecular subgroup
could not be determined, the case was classified as EC, not
otherwise specified14 and excluded from the study (n 5 13).
Tumors with . 1 classifying feature (multiple-classifier EC)
were allocated in 1 of the 4 molecular subgroups, as de-
scribed previously.13,15 Briefly, ECs with a pathogenic POLE
EDM with p53 abnormal expression and/or MMR protein loss
were classified as POLEmut EC, whereas ECs with loss of any
MMR protein or MSI-high with a p53 mutant staining pattern
were classified as MMRd EC (Data Supplement).13,15

Statistical Analysis

The primary end point was RFS, defined as time from
randomization to date of first relapse or death, whichever
occurred first. The secondary end point was OS, defined as
the time from randomization to date of death of any cause.

CONTEXT

Key Objective
To determine, using tissue samples from the PORTEC-3 clinical trial, the prognostic value of the endometrial cancer (EC)

molecular classification in high-risk EC and the possible benefit from chemotherapy within each molecular subgroup.
Knowledge Generated
The molecular classification has a strong prognostic value in high-risk EC. Additionally, the molecular classification may

guide adjuvant treatment decisions for patients with high-risk EC and supports adjuvant chemotherapy for p53abn ECs.
Relevance
This study shows that incorporation of the molecular classification into risk stratification systems is essential and future

clinical trials should address specific molecular subgroups of EC. Adjuvant treatment decisions based on the molecular
classification are supported; specifically, patients with p53abn EC should be considered for adjuvant chemo-
radiotherapy, whereas for those with POLEmut cancers, de-escalation of adjuvant treatment should be considered.
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Statistical analysis was performed using SPSS statistics,
version 25 (IBM, Armonk, NY) and R, version 3.6.1).
Clinicopathological characteristics of patients included in
this study and the complete PORTEC-3 cohort, as well
as between molecular subgroups, were compared with a
x2 test for categorical variables or 1-way ANOVA for con-
tinuous variables. All analyses were based on intention to
treat. Analysis was also done by treatment received, without
relevant differences (data not shown).

Differences in RFS and OS between molecular subgroups
were tested with log-rank test and Cox regression analysis,
which included molecular subgroups, age (as a continuous
variable), histology (EEC grade 1-2 v EEC grade 3 or mixed v
nonendometrioid serous carcinoma, clear-cell carcinoma,
or other), stage (stage I-II v III), and adjuvant treatment
received (CTRT v RT). To identify differences in treatment
effect between molecular subgroups, Cox regression
analysis was performed with treatment received, molecular
subgroup, and their interaction. Similarly, Cox regression
with treatment received, stage, and their interaction was
performed within each molecular subgroup to analyze
treatment effect per stage. Median follow-up time was
calculated using the reverse Kaplan-Meier method. Re-
ported P values were based on 2-sided tests, with P , .05
considered statistically significant.

RESULTS

A total of 423 EC samples from PORTEC-3 participants were
collected andavailable formolecular analysis.Molecular testing
was successful for 410 tumors (97%; Fig 1). Patient and tumor
characteristics of these 410 ECs were comparable to the trial
population not included in this study (Data Supplement).
Median follow-up was 6.1 years (range, 0.52-11.03 years).

The 410 ECs were classified in 1 of the 4 molecular
subgroups (Data Supplement):

1. 93 (22.7%) were p53abn
2. 51 (12.4%) were POLEmut
3. 137 (33.4%) were MMRd
4. 129 (31.5%) were NSMP ECs.

Thirty multiple-classifier ECs were identified and allocated
within 1 of the molecular subgroups (Data Supplement):
7 (1.7%) were POLEmut-p53abn, 9 (2.2) were POLEmut-
MMRd, 11 (2.7%) were MMRd-p53abn, and 3 (0.7%)
were POLEmut-MMRd-p53abn ECs. There were significant
differences in age, histology, and stage among the mo-
lecular subgroups (Table 1). Of note, nonendometrioid ECs
were found within all 4 molecular subgroups, as well as
stage III cancers. The presence of LVSI, type of surgical
procedure, and treatment (CTRT v RT) were well balanced
among the molecular subgroups.

Clinical Outcome

Patients with p53abn EC (n 5 93) had the poorest prog-
nosis, with 5-year RFS and OS of 48.0% and 54.0%,

respectively. There were no statistically significant differ-
ences in clinical outcome between patients with p53abn
serous type EC, and p53abn EC with other histologies
(5-year RFS: 46.6% for serous p53abn v 48.9% for p53abn
nonserous EC, P 5 .930; 5-year OS: 57.7% v 50.7%,
P5 .704). Five-year RFS and OS for women with POLEmut
ECs (n 5 51) were both 98.0%. Only 1 patient with
a POLEmut EC had a recurrence and ultimately died of her
cancer. Patients with MMRd (n 5 137) and NSMP (n 5
129) ECs had an intermediate outcome (5-year RFS:
71.7% and 74.4%, respectively; 5-year OS, 81.3% and
88.5%, respec-tively; Fig 2). All 30 patients with a mul-
tiple-classifier EC were alive without recurrence of their
cancer at the time of data analysis (median follow-up,
5.3 years).

The prognostic value of the molecular EC classification
was evaluated in univariable and multivariable analysis
(Table 2). The p53abn subgroup was the strongest adverse
prognostic factor, with a hazard ratio (HR) for RFS of 2.52
(95% CI, 1.62 to 3.91; P , .001) and HR for OS of 2.30
(95% CI, 1.42 to 3.73; P 5 .001), whereas POLEmut was
the strongest favorable prognostic factor both for RFS (HR,
0.08; 95% CI, 0.01 to 0.58; P 5 .012) and OS (HR, 0.12;
95% CI, 0.02 to 0.87; P 5 .036; Table 2).

We analyzed the differences in adjuvant treatment effect
(CTRT v RT) among the molecular subgroups (Fig 3).
Patients with a p53abn EC had statistically significant
benefit from combined adjuvant CTRT, with an absolute
difference of 22.4% for RFS (5-year RFS, 58.6% with
CTRT v 36.2% with RT; HR, 0.52, 95% CI, 0.30 to 0.91,
P5 .021) and of 23.1% for OS (5-year OS, 64.9% v 41.8%
for CTRT v RT; HR, 0.55, 95% CI, 0.30 to 1.00, P 5 .049;
Fig 3). Test for interaction between molecular subgroups
and treatment arm did not reach significance (RFS: P 5
.072; OS: P5 .113). In exploratory subanalyses, the benefit
from CTRT remained significant for RFS in early-stage
p53abn EC but lost significance in stage III disease;
however, numbers were small and testing for interaction
between stage and adjuvant treatment in p53abn EC was
not significant (Data Supplement).

Only 1 patient with a POLEmut EC (treated with RT alone)
had disease recurrence, resulting in a 5-year RFS and OS of
100%with CTRT versus 96.6%with RT (HR, 0.02; 95% CI,
, 0.01 to . 105; P 5 .637; Fig 3).

Women with MMRd EC had a 5-year RFS of 68.0% with
CTRT versus 75.5% with RT (HR. 1.29; 95% CI, 0.68 to
2.45; P 5 .429) and a 5-year OS of 78.6% with CTRT
versus 84.0% with RT (HR, 1.33; 95% CI, 0.64 to 2.75;
P5 .445; Fig 3). Although patients with NSMP EC seemed
to benefit from CTRT (5-year RFS: 79.7% with CTRT v
67.7% with RT; 5-year OS: 89.3% v 87.6%), this did not
reach statistical significance (RFS: HR, 0.68, 95% CI, 0.36
to 1.30, P5 .246; OS: HR, 0.68, 95% CI, 0.26 to 1.77, P5
.434; Fig 3). Explorative subanalysis by stage within the
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patients with MMRd and NSMP EC did not reveal a benefit
from adjuvant chemotherapy in advanced stages either
(Data Supplement).

DISCUSSION

To our knowledge, this study is the first to show the strong
prognostic value of the molecular EC classification within
a large cohort of patients with high-risk EC. Because of the
randomized design of the PORTEC-3 trial, it is also the first,
to our knowledge, to explore the potential predictive ca-
pacity of the molecular EC classification for benefit from
chemotherapy. Patients with p53abn EC had a poor
prognosis, in contrast to the excellent survival outcomes of
patients with POLEmut EC, even among high-grade and

advanced-stage cancers. Patients with MMRd or NSMP EC
had an intermediate clinical outcome. Furthermore, pa-
tients with p53abn EC had a highly significant benefit from
CTRT with an absolute benefit of 22.4% and 23.1% for
5-year RFS and OS, respectively, whereas patients with
POLEmut EC had an excellent survival in both treatment
arms. No benefit was observed from CTRT versus RT alone
in patients with MMRd EC. Patients with NSMP EC had
a trend toward benefit from CTRT, similar to the overall trial
outcomes,8 but additional studies will be needed to elu-
cidate the role of chemotherapy in this subgroup.

Indications for adjuvant treatment are currently based on
well-established clinicopathological risk factors such as
Federation Internationale de Gynecolgie et d’Obstetrique

Patients enrolled in PORTEC-3
clinical trial and randomly assigned

(N = 686)

Randomly assigned to radiotherapy 
(n = 343)

Excluded
Withdrew informed consent
Did not meet eligibility criteria

(n = 4)
(n = 13)

(n = 9)

Assigned to radiotherapy
Received allocated treatment
Received chemoradiotherapy

(n = 328)
(n = 330)

(n = 2)

Assigned to chemoradiotherapy
Received allocated treatment
Received radiotherapy only

(n = 325)
(n = 330)

(n = 5)

Excluded
Withdrew informed consent
Did not meet eligibility criteria

(n = 9)
(n = 13)

(n = 4)

(n = 343)
Randomly assigned to chemoradiotherapy  

Patients in PORTEC-3 population
(n = 660) 

   Patients with no tissue available
Excluded (n = 237)

(n = 237)

Excluded (classified as EC, NOS)  (n = 13)
Patients with insufficient tissue 

available
Failed molecular analysis

(n = 10)
(n = 3)

ECs with successful analysis of molecular classifiers
            Assigned to radiotherapy
                    Allocated to radiotherapy only
                    Received chemoradiotherapy
            Assigned to chemoradiotherapy
                   Allocated to chemoradiotherapy
      Received radiotherapy only

(n = 410)
(n = 200)
(n = 199)

(n = 1)
(n = 210)
(n = 206)

(n = 4)

Patients with available FFPE tissue for
molecular analysis 

(n = 423)

FIG 1. Flowchart of sam-
ple analysis. EC, endome-
trial cancer; FFPE, formalin-
fixed, paraffin-embedded;
NOS, not otherwise speci-
fied; PORTEC-3, Adjuvant
Chemoradiotherapy Ver-
sus Radiotherapy Alone
in Women With High-Risk
Endometrial Cancer.

Journal of Clinical Oncology 3391

Molecular Classification of High-Risk Endometrial Cancer



stage, grade, histologic type, LVSI, and age. Challenges
with the current system include the lack of interobserver
agreement in the evaluation of pathologic features, espe-
cially on histologic type in high-grade EC, where discrep-
ancies reach 36% of cases examined.9 In contrast, the
molecular EC classification is a highly reproducible sys-
tem with strong prognostic value. The assessment of
MMR proteins and p53 immunohistochemistry are highly
concordant with MSI and TP53 mutational status,
respectively,16,17 and the interobserver agreement is
. 95%.17,18 Authors of a recent study proposed pragmatic

guidelines for the interpretation of nonhotspot POLE-EDM
in EC,13 ensuring uniform interpretation. Furthermore,
multiple-classifier EC can now be assigned to the appro-
priate molecular subgroup.13,15 The strong prognostic value
of the molecular subgroups has been shown previously in
high-intermediate risk EC,3 leading to additional studies to
determine their role in adjuvant treatment. The ongoing,
randomized PORTEC-4a trial compares standard adjuvant
brachytherapy in women with intermediate-risk EC with
individualized adjuvant treatment on the basis of the pa-
tients’ integrated molecular profile.19 Our results have

TABLE 1. Clinicopathological Features by Molecular Subgroup in High-Risk Endometrial Cancers
Characteristic Total p53abn POLEmut MMRd NSMP P

No. of patients 410 (100) 93 (22.7) 51 (12.4) 137 (33.4) 129 (31.5)

Age, years , .001

Mean (range) 61.2 (26.7-80.5) 65.8 (47.3-80.5) 57.2 (42.7-72.3) 60.6 (33.5-76.5) 60.1 (26.7-78.6)

Histotype , .001

EEC grade 1-2 161 (39.3) 4 (4.3) 4 (7.8) 59 (43.1) 94 (72.9)

EEC grade 3 113 (27.6) 21 (22.6) 29 (56.9) 47 (34.3) 16 (12.4)

Serous carcinoma 65 (15.9) 46 (49.5) 6 (11.8) 7 (5.1) 6 (4.7)

Clear-cell carcinoma 39 (9.5) 12 (12.9) 6 (11.8) 12 (8.8) 9 (7.0)

Mixed carcinoma 19 (4.6) 6 (6.5) 3 (5.9) 7 (5.1) 3 (2.3)

Other 13 (3.2) 4 (4.3) 3 (5.9) 5 (3.6) 1 (0.8)

Stage , .001

IA 54 (13.2) 23 (24.7) 12 (23.5) 13 (9.5) 6 (4.7)

IB 73 (17.8) 14 (15.1) 20 (39.2) 26 (19.0) 13 (10.1)

II 105 (25.6) 24 (25.8) 7 (13.7) 33 (24.1) 41 (31.8)

IIIA 46 (11.2) 8 (8.6) 2 (3.9) 10 (7.3) 26 (20.2)

IIIB 29 (7.1) 4 (4.3) 4 (7.8) 13 (9.5) 8 (6.2)

IIIC 103 (25.1) 20 (21.5) 6 (11.8) 42 (30.7) 35 (27.1)

LVSI .283

Absent 155 (37.8) 35 (37.6) 18 (35.3) 45 (32.8) 57 (44.2)

Present 255 (62.2) 58 (62.4) 33 (64.7) 92 (67.2) 72 (55.8)

Surgery .398

TAH-BSO 135 (32.9) 29 (31.2) 12 (23.5) 39 (28.5) 55 (42.6)

TAH-BSO 1 LND 162 (39.5) 38 (40.9) 24 (47.1) 57 (41.6) 43 (33.3)

Laparoscopic 52 (12.7) 13 (14.0) 7 (13.7) 19 (13.9) 13 (10.1)

Laparoscopic1 LND 61 (14.9) 13 (14.0) 8 (15.7) 22 (16.1) 18 (14.0)

Lymphadenectomy .199

No 187 (45.6) 42 (45.2) 19 (37.3) 58 (42.3) 68 (52.7)

Yes 223 (54.4) 51 (54.8) 32 (62.7) 79 (57.7) 61 (47.3)

Treatment .424

RT 200 (48.8) 44 (47.3) 29 (56.9) 70 (51.1) 57 (44.2)

CTRT 210 (51.2) 49 (52.7) 22 (43.1) 67 (48.9) 72 (55.8)

NOTE. Data reported as No. (%) unless otherwise indicated.
Abbreviations: CTRT, combined adjuvant chemotherapy and radiotherapy; EEC, endometrioid endometrial carcinoma; LND, lymph node

dissection; LVSI, lymphovascular space invasion; MMRd, MMR-deficient; NSMP, no specific molecular profile; p53abn, p53-abnormal;
POLEmut, POLE-ultramutated; RT, external beam radiotherapy alone; TAH-BSO, total abdominal hysterectomy and bilateral salpingo-
oophorectomy.
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shown strong prognostic value of the molecular classifi-
cation even in high-risk and advanced-stage EC and re-
gardless of histologic subtype, indicating that this
classification should be incorporated in standard clinical
diagnostics, treatment decisions, and future studies.

This study showed that patients with p53abn EC have
a highly significant benefit from CTRT. These results are
consistent with the PORTEC-3 clinical trial analysis, in
which patients with serous cancers had a greater absolute
benefit from CTRT.8 Indeed, 71% of serous cancers in the
current study were classified as p53abn EC. However, the
serous cancers that were molecularly classified as
POLEmut (n 5 6) and MMRd EC (n 5 7) had no re-
currences and patients were still alive at time of analysis.
Only 2 of the 6 patients with a serous NSMP EC had
a recurrence and ultimately died of their cancer. Addi-
tionally, 47 of 93 p53abn ECs (51%) had nonserous his-
tology (23% EEC grade 3; 13% clear-cell cancers;
7%mixed; 4% grade 1 EEC; and 4% other histologies), and
there was no difference in clinical outcome between this
group and serous p53abn ECs. These results show that the
molecular EC classification identifies a broader group of
patients with a higher specificity who might benefit from
CTRT compared with traditional histotyping.

To further improve the survival of patients with p53abn EC,
research may be directed at the addition of targeted ad-
juvant treatment to CTRT. Recent studies have shown
homologous recombination deficiency in p53abn EC,20,21

suggesting that these patients could benefit from the ad-
dition of poly(ADP-ribose) polymerase inhibitors to CTRT.
Alternatively, for patients with p53abn EC and HER2/neu

amplification (reported in 20%-25% of serous cancers22),
trastuzumab (and possibly pertuzumab) in combination
with chemotherapy is promising, as indicated by results of
a recent phase II clinical trial.23

This analysis confirms the excellent survival of patients with
POLEmut EC even in those with advanced-stage and
nonendometrioid histologies, with no differences between
adjuvant treatment received. This favorable clinical out-
come is thought to be the result of the patients’ enhanced
T-cell response due to their high mutational burden.24

Previous studies have described small groups of patients
with POLEmut EC who received no adjuvant treatment and
had no recurrences.25,26 Additionally, no increased sensi-
tivity of POLE-mutant, mouse-derived embryonic stem cells
to radiotherapy was found, nor to a selection of chemo-
therapeutics, including cisplatin.25 Together with our re-
sults, these data support the hypothesis that the excellent
prognosis of patients with POLEmut EC is independent of
adjuvant treatment. By implementing POLE testing in
routine diagnostics, overtreatment of a substantial group of
patients would be avoided, with clear impact on the pa-
tients’ quality of life.27

The lack of benefit observed from the addition of che-
motherapy to RT in patients with MMRd EC suggests
a favorable outcome with EBRT alone in stage I-II disease,
as also found in the GOG-249 trial.28 Furthermore, a recent
study reported benefit of early-stage MMRd EC from RT
compared with no adjuvant treatment.29 Adjuvant treat-
ment regimens other than chemotherapy should be ex-
plored in higher-stage MMRd ECs. Recently, immune
checkpoint inhibition has been shown effective against
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FIG 2. Kaplan-Meier survival curves for 5-year (A) recurrence-free survival (RFS) for patients with p53abn endometrial cancer (EC; 48.0%), POLEmut EC
(98.0%),MMRd (71.7%), or NSMP EC (74.4%), and (B) overall survival (OS) in patients with p53abn EC (54.0%), POLEmut EC (98.0%), MMRd (81.3%), or
NSMP EC (88.5%). MMRd, MMR-deficient; NSMP, no specific molecular profile; p53abn, p53-abnormal; POLEmut, POLE-ultramutated.
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MMRd solid cancers, which has led to US Food and Drug
Administration approval of pembrolizumab for MSI can-
cers. Phase II clinical trials have shown high response rates
to immune checkpoint inhibitors in advanced stage EC,30

which might be increased by the combination of these
therapeutic agents with RT.31

The analysis of NSMP ECs showed only a trend toward
benefit from adjuvant CTRT. Still, the HRs of CTRT versus
RT for NSMP cancers were similar to those observed in the
PORTEC-3 trial.8 The lack of significant effect of CTRT may
be due to the relatively small numbers and molecular
heterogeneity that characterizes NSMP EC.1 Additional
studies directed at refinement of NSMP EC, such as
characterization of CTNNB1 exon-3 mutations, the po-
tential fifth molecular subgroup,3,32 may elucidate which

patients with NSMP EC might benefit from intensified
adjuvant treatment.

PORTEC-3 analysis showed a greater benefit of added CT
for patients with stage III EC and those with serous can-
cers.8 The current study provides insight into the biologic
origins of this observation, identifying differences between
the molecular subgroups. The high benefit of added CT
observed across patients with p53abn EC in all stages (RFS:
HR, 0.52; P5 .022) corresponds partly to the benefit seen
in serous cancers. The small numbers available per stage
suggest that larger cohorts may identify significant differ-
ences in stage III p53abn EC (a nonsignificant benefit from
CTRT was seen in this group of patients; RFS: HR, 0.58,
P 5 .172), as well as in stage III NSMP cancers (RFS: HR,
0.68, P 5 .246). We observed no significant benefit from

TABLE 2. Univariable and Multivariable Analysis of Molecular Subgroups and Clinicopathological Features in High-Risk Endometrial Cancers (N 5 410)
Recurrence-Free Survival (n 5 127 events) Overall Survival (n 5 92 events)

Univariable Analysis Multivariable Analysis Univariable Analysis Multivariable Analysis

Parameter
Total
No. HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age 1.052 1.028 to
1.075

, .001 1.037 1.013 to
1.061

.002 1.078 1.049 to
1.108

, .001 1.060 1.029 to
1.091

, .001

Molecular subgroups

MMRd 137 1 1 1 1

p53abn 93 2.448 1.607 to
3.728

, .001 2.517 1.621 to
3.907

, .001 2.622 1.647 to
4.173

, .001 2.298 1.418 to
3.726

.001

POLEmut 51 0.060 0.008 to
0.441

.006 0.079 0.011 to
0.576

.012 0.083 0.011 to
0.606

.014 0.118 0.016 to
0.868

.036

NSMP 129 0.993 0.632 to
1.562

.977 0.976 0.620 to
1.537

.917 0.581 0.320 to
1.053

.073 0.547 0.302 to
0.993

.047

Histology and grade

Endometrioid, grade
1-2

161 1 1 1 1

Endometrioid, grade
3

132 0.956 0.626 to
1.461

.837 1.067 0.646 to
1.762

.800 1.571 0.936 to
2.636

.087 1.463 0.814 to
2.628

.203

Nonendometrioid 117 1.239 0.816 to
1.882

.314 0.822 0.465 to
1.453

.500 1.997 1.198 to
3.328

.008 0.982 0.503 to
1.919

.958

Stage

I-II 232 1 1 1 1

III 178 1.868 1.315 to
2.654

, .001 2.186 1.518 to
3.148

, .001 1.545 1.026 to
2.328

.037 1.914 1.256 to
2.919

.003

LVSI

Absent 155 1 1 1 1

Present 255 1.492 1.023 to
2.175

.038 1.299 0.878 to
1.921

.191 1.560 0.996 to
2.444

.052 1.219 0.753 to
1.974

.420

Treatment

RT 200 1 1 1 1

CTRT 210 0.824 0.582 to
1.168

.277 0.700 0.493 to
0.993

0.046 0.817 0.542 to
1.230

0.333 0.726 0.481 to
1.096

.127

Abbreviations: CTRT, combined adjuvant chemotherapy and radiotherapy; HR, hazard ratio; LVSI, lymphovascular space invasion; MMRd, MMR-
deficient; NSMP, no specific molecular profile; p53abn, p53-abnormal; POLEmut, POLE-ultramutated; RT, external beam radiotherapy alone.
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FIG 3. Kaplan-Meier survival curves for (A)
recurrence-free survival (RFS) and (B) overall
survival (OS) among patients with p53abn en-
dometrial cancer (EC); (C) RFS and (D) OS
among patients with POLEmut EC; (E) RFS and
(F) OS among patients with MMRd EC; and (G)
RFS and (H) OS among patients with NSMP EC.
CTRT, combined adjuvant chemotherapy and
radiotherapy; HR, hazard ratio; MMRd, MMR-
deficient; NSMP, no specific molecular profile;
p53abn, p53-abnormal; Pcox, P value by Cox re-
gression analysis; POLEmut, POLE-ultramutated
tumor; RT, external beam radiotherapy alone.
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CTRT for patients with MMRd EC, even after analysis by
stage, indicating that this molecular subgroup may not be
contributing to the stage III results observed in PORTEC-3.8

Finally, although data were limited, patients with stage III
POLEmut EC appeared to have a good clinical outcome in
both treatment arms: only 1 of 12 patients randomly
assigned to the RT arm had a recurrence and died of EC.
Prospective observational studies will help define adequate
de-escalation of adjuvant treatment of POLEmut EC, es-
pecially for stage III cancers.

Our study has limitations. Although it was a predefined
translational research analysis within the context of the
PORTEC-3 clinical trial, it was not originally powered for
analysis by molecular subgroup. Additionally, we were able

to obtain molecular results of 62% of the trial population.
Nonetheless, the characteristics of the included cases were
comparable to those of the excluded trial population.

In conclusion, our study shows the strong prognostic in-
formation the EC molecular classification carries, as well as
its great potential to guide adjuvant treatment. It is essential
to implement the molecular EC classification in clinical
diagnostics and decision-making. Patients with p53abn EC
may be considered for adjuvant treatment including che-
motherapy, whereas adjuvant treatment de-escalation should
be considered for those with POLEmut EC; additional studies
are needed especially for MMRd and NSMP EC. Future
clinical trials should include molecular subgroups in their
design and study specific targeted adjuvant treatments.
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