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Abstract

Background The Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) groups has identified four molecular
prognostic groups of endometrial cancer (EC): POLE-mutated (POLE-mt), mismatch repair-deficient (MMR-d), p53-abnor-
mal (p53-abn), p53-wild-type (pS3-wt). These groups might have different pathogenesis and risk factors, and might occur
in different phenotypes of patients. However, these data are still lacking.

Objective To provide a clinical characterization of the ProMisE groups of EC.

Methods A systematic review and meta-analysis was performed by searching seven electronic databases from their inception
to December 2020, for all studies reporting clinical characteristics of EC patients in each ProMisE group. Pooled means of
age and BMI and pooled prevalence of FIGO stage I and adjuvant treatment in each ProMisE group were calculated.
Results Six studies with 1, 879 women were included in the systematic review. Pooled means (with standard error) and
prevalence values were:

in the MMR-d group, age =66.5 £ 0.6; BMI=30.6 + 1.2; stage /=72.6%; adjuvant treatment =47.3%;

in the POLE-mt group, age =58.6 +2.7; BMI=27.2 +0.9; stage / =93.7%; adjuvant treatment =53.6%;

in the p53-wt group, age=64.2+ 1.9; BMI=32.3 + 1.4; stage =80.5%; adjuvant treatment =45.3%;

in the p53-abn group, age=71.1+0.5; BMI=29.1 +0.5; stage I=50.8%; adjuvant treatment =64.4%.

Conclusion The ProMisE groups identify different phenotypes of patients. The POLE-mt group included the youngest
women, with the lower BMI and the highest prevalence of stage I. The p53-wt group included patients with the highest BMI.
The p53-abn group included the oldest women, with the highest prevalence of adjuvant treatment and the lowest prevalence
of stage I. The MMR-d group showed intermediate values among the ProMisE groups for all clinical features.
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Endometrial Cancer (ProMisE), has been developed based
on immunohistochemistry as surrogate of sequencing [2,
6, 8, 9]. Immunohistochemistry is indeed more diffuse
in the clinical practice because it is inexpensive and fast
[10-16]. ProMisE classifies ECs in the following four
prognostic groups: POLE-mutated (POLE-mt), mismatch
repair-deficient (MMR-d), p53-abnormal (p53-abn), p53-
wild-type (p53-wt). POLE-mt group includes ECs with the
best prognosis and the highest mutational load; this group
is characterized by mutations in the exonuclease domain
of Polymerase-e (POLE) and is the only one that can be
identified exclusively by sequencing. MMR-d group has
intermediate prognosis, high mutational load and micro-
satellite instability; this group can be identified by defi-
cient immunohistochemical expression of mismatch repair
protein (MMR). P53-abn group has the worst prognosis,
low mutational load, high somatic copy number altera-
tion rate and TP53 mutation; this group can be identified
by abnormal immunohistochemical expression of p53.
P53-wt group has good-to-intermediate prognosis, low
mutational load, low somatic copy number alteration rate,
and absence of a molecular signature; this group is identi-
fied by excluding molecular signatures of the other groups
[2,3,6,8,9].

Given the differences in terms of molecular back-
ground, histologic characteristics and prognosis [17-22],
these groups may be considered as different diseases
within endometrial cancer landscape. These different enti-
ties might also have different pathogenesis and risk fac-
tors, and might occur in different phenotypes of patients.
Specific clinical features in each ProMisE group may allow
hypothesizing tailored prevention strategies and additional
treatments (e.g. bariatric surgery and/or diet in the groups
associated with obesity) for the single patient in the era of
precision medicine [23]. Moreover, specific clinical char-
acteristics may contribute to the prognosis of the ProMisE
groups (e.g. younger age, early FIGO stage and/or more
common adjuvant treatment may be associated with better
prognosis). Therefore, while prognostic and histopatho-
logical features of the ProMisE groups were previously
summarized [3, 17], this study aimed to provide a clini-
cal characterization of the ProMisE groups of EC, with
regards to age, body mass index (BMI), FIGO stage, and
adjuvant treatment.

Materials and methods
Study protocol
Methods for each study step (i.e. search strategy, study selec-

tion, assessment of risk of bias within studies, data extrac-
tion and analysis) were a priori within the study protocol.

@ Springer

Each study step was independently completed by two authors
(AR, AT). All authors were asked for solution of disagree-
ments. The study was reported according to the Preferred
Reporting Item for Systematic Reviews and Meta-analyses
(PRISMA) statement [24].

Search strategy

Search strategy was planned using seven electronic data-
bases (i.e. Web of Sciences, Google Scholar, Scopus, Clini-
calTrial.gov, MEDLINE, Cochrane Library and EMBASE)
from their inception to December 2020. The following text
words were alternatively combined: “ProMisE”; “Proactive
Molecular Risk Classifier”; PORTEC”; “TransPORTEC”;
“TCGA”; “Atlas”; “genome”; “survival”; “prognosis”;
“endometr*”’; “tumor”’; “tumour”; “neoplas*”; “cancer”;
“carcinoma’; “endometrioid’’; “adenocarcinoma’; “serous’’;
“clear cell”; “undifferentiated”; “ultramutated”; “hyper-
mutated”; “ copy number”; “POLE”; “mismatch repair”;
“MMR”; “MMR-d”; “MSI”; “microsatellite instability”;
“MLH1”; “MSH2”; “MSH6”; “PMS2”; “EPCAM”; “TP53”;

99,

“p53”; “tumor protein 53”’; “surrogate”; “immunohistochem-
istry”’; “immunohistochemical”; “marker”;’sequencing”. We
considered also all references from each full-text screened

study.
Study selection

All peer-reviewed studies reporting clinical characteristics
(age, BMI, FIGO stage, adjuvant treatment) of EC patients
by each ProMisE group were included in our review. A priori
defined exclusion criteria were: case reports, reviews, data
not extractable, and studies with patients’ selection based
on pathological characteristics of ECs (they were not repre-
sentative of a real EC population). For studies with overlap-
ping data (i.e. same period of enrollment, study population,
institution, and/or findings), if the original data in each study
could not be extracted separately, the study with smaller
sample size was excluded from the quantitative analysis.

Data extraction

Data were extracted from the included studies without modi-
fication and according to the PICO (Population, Interven-
tion, Comparator, Outcomes) items [24].

“Population” of our study was patients with EC.

“Intervention” (or risk factor) was the MMR-d, POLE-mt
or p53-abn group of EC according to the ProMisE.

“Comparator” was not considered because it was not
applicable (meta-analysis of prevalence).

“Outcomes” were the means + standard error of age and
BMI, and the prevalence of the FIGO stage I and adjuvant
treatment in the ProMisE groups of EC.
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In the studies with overlapping patient data, duplicate
data were excluded and only original data were considered.

Assessment of risk of bias within studies

The assessment of risk of bias within studies followed
the Methodological Index for Non-Randomized Studies
(MINORS) statement [25]. The following six domains
related to risk of bias were applicable: (1) aim (if the aim
was clearly stated); (2) inclusion of consecutive patients (if
all eligible patients during the study period were included);
(3) prospective collection of data (if an a priori defined pro-
tocol was adopted for data collection); (4) endpoints appro-
priate to the aim (if outcomes were evaluated according to
clearly stated criteria); (5) unbiased assessment of the study
endpoint (if two or more authors performed a blind evalu-
ation, re-evaluation or evaluation of study endpoints); (6)
follow-up period appropriate to the aim (if the follow-up
time was more than 2 years, which is the minimal follow-up
period for patients with endometrial cancer).

Each domain was judged by authors as “low risk”,
“unclear risk”, or “high risk” of bias if data were “reported
and adequate”, “not reported”, or “reported but inadequate”,
respectively.

Data synthesis

Means of age and BMI, and prevalence of FIGO stage I
and adjuvant treatment in each ProMisE group of EC were
calculated for each included study and as pooled estimate.
They were graphically reported on forest plots, with 95%
confidence interval (CI).

The inconsistency index I> was used to assess statisti-
cal heterogeneity among included studies, as previously
described [26, 27]. Heterogeneity was considered null for
I2=0, minimal for I* < 0.25, low for > <0.50, moderate for
> <0.75 and high for I>>0.75.

All analyses were performed by adopting the random
effect model of DerSimonian and Laird.

Data analysis was performed by Review Manager 5.3
(Copenhagen: The Nordic Cochrane Centre, Cochrane Col-
laboration, 2014) and Comprehensive Meta-Analysis (Bio-
stat,14 North Dean Street, Englewood, NJ 07631, USA).

Results

Study selection

Electronic searches identified 5,784 studies. 895 studies
remained after duplicates removal. 52 studies remained after

title screening. 21 studies were evaluated for eligibility after
abstracts screening. Lastly, six studies were included in the

systematic review and five studies in the meta-analysis [2,
6, 8,9, 28, 29].
Figure S1 graphically shows the study selection process.

Study and patients’ characteristics

Our qualitative analysis included a total of 1,879 women
with EC from retrospective cohorts. Mean age of patients
ranged from 42.9 +5.6 to 66.9 +0.7, and mean BMI ranged
from 29 +7.7 to 33 + 1. Overall, prevalence of Stage I and
adjuvant treatment was 75.1% and 48.8%, respectively. Of
total EC, 23.9% were classified in MMR-d, 10% in POLE-
mt, 51% in p53-wt, and 15% in p53-abn groups.

Characteristics of the included studies and patients are
shown Tables S1 and S2, respectively.

Risk of bias within studies assessment

All included studies were judged at low risk of bias in all
domains, except for “Inclusion of consecutive patients”
domain. In particular, four studies were judged at “unclear
risk” of bias in this domain because they did not report if all
eligible patients during the study period were included [2,
6, 9, 28]. Furthermore, Britton et al. performed a patient’s
selection based on age, only including women aged 49 or
younger [9]. The remaining study was judged at low risk
of bias.

Assessment of risk of bias within studies is graphically
shown in Figure S2.

Meta-analysis

All duplicate patient data were excluded from the meta-
analysis: the study by Britton et al. was excluded because
of an overlap of patients with the other included studies [9];
for the Talhouk 2017 study, only the new patients (“‘con-
firmation cohort”) were included in the meta-analysis,
while patients overlapping with Talhouk 2015 (“discovery
cohort”) were excluded [2, 6]; the study by Kolehmainen
et al. was included only in the analysis of FIGO stage, since
it reported neither standard errors for age and stage nor data
regarding adjuvant treatment [28]. Finally, five studies with
1,622 were included in the meta-analysis of FIGO stage,
while four studies with 1,018 women were included in the
meta-analyses of age, BMI and adjuvant treatment.

Pooled means with standard error of age was 66.5+0.6
(95% CI 65.3-67.7%) in the MMR-d group, 58.6 +2.7 (95%
CI 53.4-63.9) in the POLE-mt group, 64.2+1.9 (95% CI
60.6-67.9) in the p53-wt group, 71.1 £0.5 (95% CI170.2-72)
in the p53-abn group (Fig. 1). Statistical heterogeneity
among studies was high for each group, with the exception
for the p53-abn group where it was moderate (I* = 86.4;
F=96; ?=99.7: I>=66, respectively).
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Pooled means with standard error of BMI was 30.6 +1.2
(95% CI 28.3-33) in the MMR-d group, 27.2+0.9 (95%
CI 25.6-29) in the POLE-mt group, 32.3+1.4 (95% CI
29.6-34.9) in the p53-wt group, 29.1+0.5 (95% CI 28.2-30)
in the p53-abn group (Fig. 2). Statistical heterogeneity
among studies was high for each group (>=93.6; ’=82.4;
P=98.7, =724, respectively).

Pooled prevalence of FIGO stage I was 72.6% (95% CI
67-77.6%) in the MMR-d group, 93.7% (95% CI1 87.4-97%)
in the POLE-mt group, 80.5% (95% CI 75.2-84.9%) in the
pS3-wt group, 50.8% (95% CI 44.6-56.9%) in the p53-abn
group (Fig. 3). Statistical heterogeneity among studies was
moderate for the MMR-d group (/*=35.8), null for POLE-
mt and p53-abn group (/>=0), and low for the p53-wt group
(?=57.2).

Pooled prevalence of adjuvant treatment was 47.3%
(95% CI 29.8-65.5%) in the MMR-d group, 53.6% (95%
CI 43-63.9%) in the POLE-mt group, 45.3% (95% CI
26-66.1%) in the p53-wt group, 64.4% (95% C148.4-77.7%)
in the p53-abn group (Fig. 4). Statistical heterogeneity
among studies was high for each group, with the exception
for the POLE-mt group where it was null (I>=86.8; I*=0;
$=93.9; ’=73.8, respectively).

Pooled estimates of means or prevalence of the clinical
features in the ProMisE groups are concisely reported in
Table S3.

Discussion
Main findings and interpretation

This study aimed to provide a clinical characterization of
the ProMisE groups of EC to hypothesize possible pre-
vention strategies and additional treatments that may be
tailored on the single patient, and to further explain prog-
nosis data across the ProMisE groups. We found that the
POLE-mt group included the youngest women, with the
lower BMI and the highest prevalence of FIGO stage I.
The p53-wt group included patients with the highest BMI
and the lowest prevalence of adjuvant treatment. The p53-
abn group included the oldest women, with the highest
prevalence of adjuvant treatment and the lowest prevalence
of FIGO stage I. The MMR-d group showed intermediate
values among the ProMisE groups for all clinical features.

MMR-d group

The intermediate values for all clinical characteristics in this
group are in accordance with survival data, which showed an
intermediate prognosis [2, 3, 6-8]. In fact, in our previous
study, we found that the prognostic value of MMR defect
signature was affected by prognostic clinicopathological

@ Springer

MMR-d

Model Study name Statistics for each study

Standard Lower Upper

Mean error  Variance limit limit

2015 Talhouk 65,000 0,312 0,098 64,388 65,612
2017 Talhouk 66,300 0,175 0,031 65,957 66,643

2018 Kommoss 67,300 0,878
2020 Timmerman 70,800 1,826

0,772 65,578 69,022
3,333 67,222 74,378

Fixed 66,060 0,150 0,022 65,766 66,354
Random 66,473 0,624 0,390 65,250 67,697
POLE-mt

Model Study name Statistics for each study

Standard Lower Upper

Mean error Variance limit limit

2015 Talhouk 54,000 0,866 0,750 52,303 55.697
2017 Talhouk 62,200 0,402 0,161 61,413 62.987

2018 Kommoss 60,700 1,651 2,726 57,454 63935

2020 Timmerman 57,000 4,388 19,253 48,400 65 600

Fixed 60,722 0,355 0,126 60,027 61417

Random 58,630 2692 7,248 53,353 63.907
p53-wt

Model Study name Statistics for each study

Standard Lower Upper

Mean error Variance limit limit
2015 Talhouk 60,000 0,126 0,016 59,753 60,247
2017 Talhouk 65,200 0,093 0,009 65,017 65,383

2018 Kommoss 63,200 0,821
2020 Timmerman 69,000 1,285
Fixed 63,376 0,075
64,231 1,855

0,674 61,590 64,810
1,650 66,482 71,518
0,006 63,230 63,522

Random 3,439 60,596 67,866

p53-abn
Model Study name

Statistics for each study

Standard Lower Upper

Mean error Variance limit limit

2015 Talhouk 71,000 0,400 0,160 70,216 71,784
2017 Talhouk 71,700 0,108 0,012 71,489 71,911

2018 Kommoss 70,300 1,254 1,573 67,842 72,758

2020 Timmerman 66,600 2,294 5261 62,105 71,095
Fixed 71,633 0,104 0,011 71,430 71,836
Random 71,093 0,470 0,221 70,173 72,014

Fig.1 Mean age in ProMisE groups of endometrial cancer for each
study and as pooled estimate

features. In particular, the difference with the p53-wt group
in terms of overall survival, disease-specific survival and
progression-free survival became not significant when nor-
malized for clinicopathological factors [3]. Moreover, it has
to be shown that the prognostic value of the MMR defect
signature may also be affected by the study population. In
particular, in early stage endometrioid ECs, it shows an
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MMR-d

Model Study name Statistics for each study

Standard
Mean error

Lower Upper
Variance limit limit
2015 Talhouk 32,000 0,312

2017 Talhouk 33,900 0,663

2018 Kommoss 28,800 0,657
2020 Timmerman 27,300 1,114
Fixed 31,560 0,253
30,623 1,209

0,098 31,388 32,612
0,439 32,602 35,198
0,431 27,513 30,087
1,240 25,117 29,483
0,064 31,065 32,056

Random 1,461 28,254 32,991

POLE-mt

Model Study name Statistics for each study

Standard
Mean error

Lower Upper
Variance limit limit
2015 Talhouk 28,000 0,577

2017 Talhouk 25,900 0,146

2018 Kommoss 28,200 1,018
2020 Timmerman 28,000 5,196

Fixed 26,069 0,140
27,235 0,858

0,333 26,868 29,132
0,021 25,614 26,186
1,037 26,204 30,196
27,000 17,816 38,184
0,020 25,794 26,344

Random 0,736 25,554 28,917

p53-wt

Model Study name

Statistics for each study

Standard
Mean  error
2015 Talhouk 36,000 0,252
2017 Talhouk 32,200 0,102
2018 Kommoss 29,800 0,550
2020 Timmerman 30,400 1,819
Fixed 32,643 0,093
32,273 1,358

Lower Upper
Variance limit limit
0,063 35,506 36,494
0,010 32,001 32,399
0,302 28,723 30,877
3,308 26,836 33,964
0,009 32,461 32,825

Random 1,845 29,611 34,935

p53-abn
Model Study name

Statistics for each study

Standard
Mean error

Lower Upper
Variance limit limit
2015 Talhouk 29,000 0,400

2017 Talhouk 29,700 0,097

2018 Kommoss 27,400 0,796

2020 Timmerman 29,800 1,230

Fixed 29,631 0,093
29,076 0,451

0,160 28,216 29,784
0,009 29,510 29,890
0,633 25,841 28,959
1,513 27,389 32,211
0,009 29,448 29,814
Random 0,204 28,191 29,960

Fig.2 Mean body mass index in ProMisE groups of endometrial can-
cer for each study and as pooled estimate

unfavorable prognostic role, while in high-grade ECs it may
improve the prognosis [15, 30, 31].

In addition, we found that these patients were obese.
Such a finding is in agreement with the hormone-driven
pathogenesis of these tumors the first phase of the patho-
genesis. In fact, although a MMR defect signature is asso-
ciated with lower hormone-responsiveness, MMR-d ECs
arise from atypical endometrial hyperplasia, which is an
hormone-responsive lesion at least in its earliest phases

MMR-d
Model Study name

for each study  Event rate and 95% CI

Event Lower Upper
rate  limit  limit

2015 Talhouk 0585 0,431 0,724

2017 Talhouk 0,746 0,625 0,838 E 3

2018 Kommoss 0,780 0,699 0,843 A

2020 Kolehmainen 0,718 0,663 0,767 [ ]

2020 Timmerman 0,767 0,585 0,884 —

Fixed 0,726 0,687 0,762 ¢

Random 0,726 0,670 0,776 ¢
0,00 0,50 1,00

POLE-mt

Model Study name for each study Event rate and 95% CI

Event Lower Upper
rate  limit limit

2015 Talhouk 0,962 0,597 0,998

2017 Talhouk 0,931 0,762 0,983

2018 Kommoss 0,929 0,801 0,977

2020 Kolehmainen 0,967 0,798 0,995

2020 Timmerman 0,875 0,266 0,993
Fixed 0,937 0,874 0,970 Q
Random 0,937 0,874 0,970 4

0,00 0,50 1,00

p53-wt

Model Study name for each study Event rate and 95% CI

Event Lower Upper
rate  limit  limit

2015 Talhouk 0,810 0,694 0,889 E )
2017 Talhouk 0,796 0,720 0,855 A
2018 Kommoss 0,868 0,818 0,906 ]
2020 Kolehmainen 0,757 0,696 0,809 B
2020 Timmerman 0,771 0,632 0,868 -
Fixed 0,802 0,770 0,831 ¢
Random 0,805 0,752 0,849 ¢
0,00 0,50 1,00
p53-abn

Model Study name for each study Event rate and 95% CI

Event Lower Upper
rate  limit  limit

2015 Talhouk 0,560 0,366 0.737

2017 Talhouk 0,442 0,341 0548

2018 Kommoss 0,527 0,396 0,654

2020 Kolehmainen 0,580 0,461 0.690

2020 Timmerman (0,435 0,252 0.637

Fixed 0,508 0,446 0569
Random 0,508 0,446 0.569

0,00 0,50 1,00

Fig.3 Forest plot of prevalence of FIGO stage I in ProMisE groups
of endometrial cancer, including individual study and pooled data

[32, 33]. However, the mean BMI in the MMR-d group
was lower compared to p53-wt group; such a difference
might be due to the presence of patients with Lynch syn-
drome, which may develop MMR-d regardless of an initial
estrogenic stimulation [32].
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MMR-d

Model Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
2015 Talhouk 0,415 0,276 0,569
2017 Talhouk 0,444 0,327 0,568

2018 Kommoss 0,693 0,607 0,767 ' ]
2020 Timmerman 0,300 0,164 0,483 -
Fixed 0,541 0,478 0,604
Random 0,473 0,298 0,655

0,00 0,50 1,00

POLE-mt

Model Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
2015 Talhouk 0,500 0,244 0,756
2017 Talhouk 0,600 0,419 0,757
2018 Kommoss 0,524 0,375 0,668
2020 Timmerman 0,125 0,007 0,734

Fixed 0,536 0,430 0,639
Random 0,536 0,430 0,639

0,00 0,50 1,00
p53-wt

Model Study name for each study Event rate and 95% CI

Event Lower Upper
rate limit limit

2015 Talhouk 0,730 0,608 0,825 E 3
2017 Talhouk 0,314 0,242 0,396 B
2018 Kommoss 0,575 0,509 0,637
2020 Timmerman 0,208 0,116 0,346 '
Fixed 0,489 0,442 0,537
Random 0,453 0,260 0,661

0,00 0,50 1,00

p53-abn

Model Study name Event rate and 95% CI

for each study

Event Lower Upper
rate  limit limit

2015 Talhouk 0,360 0,199 0,560
2017 Talhouk 0725 0617 0812 . |
2018 Kommoss 0,727 0596 0,828 = 3
2020 Timmerman (0,696 0485 0,847
Fixed 0672 0598 0,738 ¢
Random 0,644 0484 0,777

0,00 0,50 1,00

Fig.4 Forest plot of prevalence of adjuvant treatment in ProMisE
groups of endometrial cancer, including individual study and pooled
data

POLE-mt group

The clinical features of the patients in the POLE-mt
group seem to outline a specific phenotype: the women
in this group were the youngest ones and showed the low-
est BMI. These findings might suggest POLE-mt cancers
are less “estrogen-related” if compared to the prototypical
Bokhman type I EC [7, 34]. In this regard, the high muta-
tional load of POLE-mt ECs might support the onset of

@ Springer

estrogen-independent mechanisms [7]. Thus, these carci-
nomas might also be less responsive to hormonal therapy.

The specific clinical phenotype of the POLE-mt group
might also contribute to the favorable prognosis of this
group [2, 3, 6-8]. In fact, the younger age of these patients
might positively affect overall survival, given the lower
likelihood of death, comorbidity, and severe side effect of
chemotherapy associated with the young age. The higher
prevalence of FIGO stage I (93.3%) may also contribute
to the good prognosis. Such prevalence might be due to a
low-tumor aggressivity with slow progression, or to more
frequent check-ups in younger women with consequently
earlier EC diagnosis. The high frequency of adjuvant treat-
ment in POLE-mt EC (53.6%) is likely explained by the
high prevalence of high-grade ECs in this group (especially
considering that the vast majority is at FIGO stage I), and is
a further factor that may improve prognosis [35, 36].

Although age and FIGO stage might have a role in the
good prognosis of the POLE-mt group, in our previous study
we found that POLE mutation appeared as the molecular
signature least affected by other prognostic clinicopathologi-
cal factors [3]. For this reason, the fact that more than 50%
of these women currently undergo adjuvant treatment may
constitute an overtreatment.

p53-wt group

Patients in this group were obese and showed the highest
BMI among all groups. This would support the estrogen-
driven pathogenesis making inroads to possible prevention
strategy based on diet and bariatric surgery for patients with
severe obesity. The high BMI, the good-to-intermediate
prognosis and the high prevalence of low-grade endometroid
carcinomas in this group reflect the prototypical type I EC
according to the Bokhman’s classification [34]. Patient age
and stage I prevalence were intermediate. These findings
may contribute to the good-to-intermediate prognosis in
these patients.

p53-abn group

The p53-abn group appears to embody a specific phenotype
of patient, including the oldest women among the ProM-
isE groups. Such feature is consistent with the high preva-
lence of serous carcinoma, which arises in a background of
atrophic endometrium [7]. Moreover, these patients were
non-obese and with the lowest prevalence of FIGO stage 1
(48.8%). These characteristics, along with the high preva-
lence of serous histotype, make these cancers assimilable to
the type II endometrial cancer of Bokhman’s classification
[42]. The highly unfavorable clinical profile of the p53-abn
group likely contribute to the poor prognosis of this group.
Indeed, in our previous study we found that unfavorable
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clinicopathological factors sensibly worsened the progno-
sis of the p53-abn group [3]. However, we also found that
the unfavorable prognostic value of the p53-abn signature
remained significant even after adjusting for other clinico-
pathological factors. In this regard, the prognosis remains
the worst one although most EC of this group (64.4%)
undergo adjuvant treatment.

Strengths and limitations

To the best of our knowledge, this study may be the first
systematic review and meta-analysis to provide a clinical
characterization of the ProMisE groups of EC. This study
hypothesized that the ProMisE groups might benefit from
specific prevention strategies and additional treatments (e.g.
diet, bariatric surgery, hormonal therapy) to be tailored on
the single patient. Moreover, the provided characterization
may be useful to further explain prognosis data across the
ProMisE groups. The overall quality of the included studies
is very high, given that almost all the domains related to
risk of bias were judged at low risk of bias and no one was
considered at high risk.

The low number of included studies might be a limita-
tion of our meta-analysis. Nonetheless, the presented data
were devoid of patient overlap due to the exclusion of all
duplicate data.

Conclusion

The clinical characterization of ProMisE groups of EC
shows that molecular signatures were associated with differ-
ent phenotypes of patients. The POLE-mt group includes the
youngest women, with the lowest BMI and the highest prev-
alence of FIGO stage 1. The p53-wt group includes patients
with the highest BMI. The p53-abn group includes the oldest
women, with the highest prevalence of adjuvant treatment
and the lowest prevalence of FIGO stage I. The MMR-d
group showed intermediate values among the ProMisE
groups for all clinical features. The clinical characterization
of these groups may suggest different pathogenetic mecha-
nisms and may also contribute to explain the prognostic data
of the ProMisE groups, with potential impact on the patient
management.
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