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A B S T R A C T

For many decades, the Bokhman dualist vision was used to stratify endometrial cancer (EC) in good or bad
tumors. Nowadays, a more robust and reliable molecular stratification is taking place with the The Cancer
Genome Atlas Research Network (TCGA) classification bringing new and important information in the field.
Collaborative groups are replicating TCGA using accessible tools with immunohistochemistry. It's time to move
on and include this information along with pathology features to better delineate adjuvant treatment in EC.

1. Introduction

Endometrial cancer (EC) is the most common gynecological malig-
nancy in developed countries. About 57,004 new cases are expected
this year (2020) in United States and 131,216 cases in European Union
(Cancer today, Feb). In low middle-income countries, it is only sur-
passed by cervical cancer, but data predicts a higher incidence in the
near future owing to aging of the population and increasing rate of
obesity (Paulino et al., 2018).

The majority of women are postmenopausal and have early stage
disease: three quarters of EC are diagnosed as FIGO 2018 stage IeII
(Siegel et al., 2020). Abnormal vaginal bleeding triggers the diagnosis
in these women. Since Gynecologic Oncology Group (GOG) study 33
demonstrated that surgical stage is more accurate than clinical stage,
EC has been staged with surgical resection of the uterus and adnexal
along with pelvic/paraaortic lymph nodes (Creasman et al., 1987).
Until now, there are no data showing gains in terms of overall survival
for adjuvant treatment of early stage disease and the decision about
offering patients adjuvant therapy is guided by adverse prognostic
factors on the final pathology report, such as: deep myometrium inva-
sion, grade 3, histology type (serous, clear cell and carcinosarcoma) and
the presence of lymph vascular space invasion (LVSI). International
guidelines, like the European Society of Medical Oncology (ESMO) and
the National Comprehensive Cancer Network (NCCN), have a wide
range of possibilities, from observation to adjuvant chemoradiation
what reflects the lack of high-quality level of evidence for offering
adjuvant chemotherapy (CT) or radiotherapy (RXT) (Colombo et al.,

2016; NCCN - Evidence-Based Cancer, 2020 Feb). For locally advanced
disease (FIGO 2018 III-IV), adjuvant CT is the standard of care.

The Cancer Genome Atlas Research Network (TCGA) of tumors is
bringing new insights in many tumors and it is not different in EC (The
Cancer Genome Atlas Research Network and Levine, 2013). Here we
discuss how this classification could contribute and influence the de-
cision to offer adjuvant treatment in this tumor.

2. Historical perspective of adjuvant treatment in early stage EC

The indication of adjuvant therapy for EC has been for decades
mostly based upon poor pathologic factors seen in the final report
(Table 1 summarizes risk classification according to trial and society
guidelines). Three randomized trials evaluated pelvic RXT) in patients
FIGO 1988 stage I-II (Creutzberg et al., 2000; Keys et al., 2004; NCIC,
2020). Although they clearly showed a better local control, all of then
failed to demonstrate gains in overall survival. Multivariable analysis
revealed that patients who derived most of benefit from RXT were those
who presented with a combination of adverse factors (older age, deep
myometrium invasion, presence of LVSI and grades 2–3). In the Post
Operative Radiation Therapy in Endometrial Carcinoma (PORTEC) 1
study, patients were deemed to have intermediate risk if they were
more than 60 years of age associated with more than 50 % of myo-
metrium invasion or grade 3 tumors. In GOG99, high-intermediate risk
patients were defined as follows: 70 years or more with one risk factor,
50–70 years with two risk factors and less than 50 years with 3 risk
factors. In these patients, RXT diminished local recurrence from 24 to
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12 % in GOG 99 and 20 % to 5% in PORTEC1. These trials showed that
the majority of recurrence occurred in the vaginal vault (75 % in
PORTEC-1), thus researchers launched the second randomized trial
(PORTEC2) in patients with intermediate risk and demonstrated that
brachytherapy (BT) is non inferior compared to RXT, giving the same
vaginal control and better quality of life (Nout et al., 2010). Un-
fortunately, most of the patients in these trials discussed above were
considered low risk patients which probably diluted the benefit of RXT.

Adverse prognostic factors are continuum variables and patients
having more factors at disease presentation have poorer outcomes, with
high rate of distant relapse and lower rates of survival. Based on this
knowledge, adjuvant CT had been evaluated and initial trials tried to
show an advantage compared to RXT. These studies included patients
raging from stage I to III and adjuvant CT did not demonstrate better
outcomes compare to RXT, although these trials showed a better local
control with RXT and better distant control with CT (Maggi et al., 2006;
Susumu et al., 2008). The recently published GOG 249 focused in pa-
tients with high intermediate risk early stage EC and compared CT plus
BT (3 cycles of carboplatin and paclitaxel) to RXT. Again, CT/BT did not
prolong overall (5-year OS, HR 1.04; 90 % CI 0.71–1.52) and recur-
rence free survival (5- year RFS, HR 0.92; 90 %CI 0.69–1.23), but added
more acute grade 3/4 toxicity (Randall et al., 2019). Also, RXT showed
a better pelvic and paraaortic control than CT (9% vs 4%).

The next steps were to combine CT and RXT (CRT) to improve both
local and distant control and this accounted for the most recent trials in
adjuvant setting of EC (Hogberg et al., 2010). Except for one trial,
PORTEC3, they were not able to show better overall survival for the
combined modality. PORTEC3 was a randomized phase 3 trial in pa-
tients deemed to have high risk early stage (FIGO IB grade 3, IB with
LVSI, stage II to III or any stage with invasive serous or clear cell his-
tology). Standard treatment for these population (RXT) was compared
to CRT. In the last publication, with a longer follow-up, CRT showed a
significant gain in failure free survival (5-year FFS, HR 0.70; 95 % CI
0.52−0.94) as well as OS (5-year OS, HR 0.70; 95 % CI 0.51−0.97) for
the whole population. In a post hoc analysis, the benefit seemed to be
restricted to patents with stage III and serous histology, without a
benefit for the combined modality in patients with stage II disease (de
Boer et al., 2019).

In regard to locally advanced disease, the second positive rando-
mized trial (GOG 122) demonstrated that 8 cycles of doxorubicin plus
cisplatin improved overall survival in patients with stage III and IV EC
and became the standard treatment for these population (Randall et al.,
2006). A more recent study, GOG 258, tried to add RXT to CT in the
same population. Unfortunately, it did not achieve its primary end-
point showing no gain in relapse free survival (5-year RFS, HR 0.90; 95
% CI 0.74–1.10). CRT was associated with a lower incidence of vaginal
recurrence (2% vs. 7%; HR, 0.36; 95 % CI, 0.16 to 0.82) and pelvic and
paraaortic lymph node recurrence (11 % vs. 20 %; HR, 0.43; 95 % CI,
0.28 to 0.66) than CT alone. OS, secondary end-point, is still immature
but it does not seem that it will be different between both arms (Matei
et al., 2019).

3. The TCGA and its reproducibility in clinics

More recently, the TCGA brought important knowledge regarding
the molecular profile of EC. In this project, a comprehensive analysis
was performed in endometrioid, serous and mixed histology EC (The
Cancer Genome Atlas Research Network and Levine, 2013). Using next
generation sequencing, researchers were able to stratified these tumors
in four distinct groups based on transcriptomic, genomic and proteomic
characterization of 373 endometrial carcinomas: POLE ultra-mutated,
MSI hypermutated, copy number low and copy number high (serous-
like). POLE subgroup (POLE, 7% of the cohort) was characterized by an
usually high mutations rates in POLE gene (POLE mut) and despite of
having association with poor pathologic features (high grade and deep
myometrium invasion) they had the best prognosis with improved PFS.Ta
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MSI group (28 %) showed mutations in MLH1, MSH2 MSH6 or PMS2
gene and had an intermediate prognosis. Copy number high (CNH, 26
%), or serous-like group, was characterized by mutations in TP53 (TP53
mut) and comprised all the serous histology as well as 5% of grade 1–2
and 25 % of grade 3 endometrioid histology. They have the worse
prognosis. Copy number low (CNL, 39 %) was associated with inter-
mediate prognosis and showed no specific mutations as seen in the
former groups, but a high frequency of CTNNB1 mutations rate (52 %).
The assay utilized to define groups in TCGA is expensive, not pragmatic
and not easily applicable in daily clinics. Simply, cheaper and reliable
manner to replicate mutations in MSI and TP53 genes have already
been shown with immunohistochemistry for MLH1, MSH2, MSH6 and
PMS2 and p53 [Sari et al., 2019; Singh et al., 2020; McConechy et al.,
2015). Unfortunately, POLE mutations don’t have an im-
munohistochemistry surrogate and it is still needed to sequence the
gene. Based on this fact, two international groups developed and vali-
dated different and more accessible methods to define the same mole-
cular groups as TCGA.

The first group, from Vancouver, utilized immunohistochemistry for
p53 and MMR proteins, sequencing solely POLE gene (Talhouk et al.,
2015). They created a molecular classifier called PROMISE (Proactive
Molecular Risk Classifier for Endometrial Cancer). In the discovery
cohort they were able to reproduce the same classification as TCGA
(Talhouk et al., 2015). They showed in multivariable analysis that
molecular classification and clinical pathologic risk group was asso-
ciated with outcomes. Compared to the traditional clinical pathologic
risk classification, they demonstrated high proportion (50 %) of pa-
tients in the POLE subgroup (excellent prognosis) being classified as
ESMO high-risk, and at least 25 % of those in the high copy number
subgroup would be classified as ESMO low/intermediate risk, raising
the question of over and undertreatment respectively. Later, researchers
were able to confirm this approach in a broader cohort and validate in
an external one (Talhouk et al., 2017; Kommoss et al., 2018). In a
systematic review and metanalysis of 1171 patients that evaluated
histopathological characterization of PROMISE molecular subtypes the
authors showed that the POLE group was associated with grade 3 in
39.6 %, deep myometrial invasion present in 27.3 %, and ESMO high
risk in 33.4 %; p53 group was associated with grade 3 in 90 %, deep
myometrial invasion present in 48.9 %, ESMO high risk in 84.7 %;
MMRd was associated with grade 3 in 47.4 %, deep myometrial inva-
sion present in 44.5 % and ESMO high risk in 50 % [Raffone et al.,
2020].

At the same time of the Canadian group, overseas, researchers from
Leiden, Holland, developed a similar manner to reproduce the TCGA
groups. They performed an analysis of MSI and hotspot mutations in 14
genes, including POLE and TP53, in 947 patients with early stage en-
dometrioid endometrial carcinomas from PORTEC1 and 2 trials: 9%
had TP53 mut, 26 % MSI, POLE 6% and no specific molecular profile
(NSMP) 59 % ((Stelloo et al., 2016)). They found that integration of
established clinicopathologic factors resulted in a stronger model with
improved risk prognostication. Also, approximately 15 % of high in-
termediate risk patients had unfavorable features (such as TP53 mut
and L1CAM positivity) and 50 % favorable features (such as POLE
mutations CTNNB1 wild type). Although the Vancouver collaboration
group utilized mainly patients in ESMO low/intermediate risk classifi-
cation and Leiden mainly patients with high-intermediate features,
subsequent reports have also shown that this molecular classifier can be
replicated in high-risk patients, young women and have high con-
cordance between pre-operative endometrial biopsy and the final pa-
thology (Stelloo et al., 2015; Britton et al., 2019; Abdulfatah et al.,
2019; Talhouk et al., 2016). Interestingly, one study performed on high-
risk grade 3 endometrioid carcinomas has shown that the prognosis of
NSMP subgroup, usually considered as the best one after the POLE
subgroup, tended to become worse than that of the MSI subgroup, al-
though not significantly (Bosse et al., 2018). In one of this study that
tried to refine prognosis and identify targetable pathways in high risk

endometrial cancer, when excluding non-endometrioid tumors, the
analysis was still able to discriminate poor versus good prognosis
groups (Stelloo et al., 2015). Of note, the prognosis of the NSMP sub-
group becomes similar to that of the p53 subgroup, while the prognosis
of the POLE subgroup becomes similar to that of the MSI subgroup.

CNL is the biggest group in the molecular classifier and efforts to
find another molecular factor that can further stratify this population
become an important goal. The TransPortec consortium found that DNA
damage response biomarkers can refine high risk EC. Among the NSMP,
H2AX positivity (protein involved in DNA damage) was associated with
poor disease-free survival (Auguste et al., 2018).

It is noteworthy that these molecular subgroups are almost exclusive
and tumors that harbor two or more mutations are extremely rare.
Talhouk et al. found 3.4 % of more than 1 molecular classifier in the
confirmation cohort of PROMISE (Talhouk et al., 2017). Leon del Cas-
tillo et al. reported that 4.5 % of their cohort presented with multiple
classifier, most of them with MMRd/p53 (48.1 %) and POLE/p53 (22.9
%) (León‐Castillo et al., 2020). Interestingly, in both scenarios, out-
comes are most similar to MMRd and POLE instead of p53. Also, they
demonstrated that theses tumors showed sub clonal p53 over-
expression, suggesting that TP53 mutation was a secondary event ac-
quired during tumor progression.

4. Is there any evidence of molecular classifier to guide adjuvant
treatment?

Although there is no randomized controlled trial that can defini-
tively guide physicians to use adjuvant therapy based on molecular
profile in EC, some retrospectively analysis has been consistently
showing the potential of this approach. In patients with MSI tumors, CT
does not seem add any benefit. In an exploratory analysis of NRG/GOG
study (GOG 210) evaluating patients with MMRd EC, the differences in
efficacy of adjuvant treatment with respect to PFS was not statically
significant, with a trend for improved PFS (HR 0.24; 95 %CI 0.05–1.16,
p=0.07) only for probably MMRd cases (defined as MSI-positive and/
or IHC defect with absence of MLH1 methylation) (McMeekin et al.,
2016). In another publication, 535 patients received adjuvant treatment
(RXT and/or CT), 30.3 and 69.7 % had MMRd and MMR proficient
tumors respectively. In multivariable analysis, MMR status does not
remain associated with significant differences in PFS (HR 0.74; 95 %CI
0.46–1.17) (Kim et al., 2018).

In the 10 years follow up of the PORTEC 2 trial, BT continued to
offer equal vaginal control as RXT (3.4 vs 2.4 %, p=0.55) and pelvic
control favoring RXT (pelvic recurrence of 6.3 % vs 0.9 %, p= 0.004)
(for the PORTEC Study Group et al., 2018). Isolated pelvic recurrence
was not significantly different between both arms (2.5 vs 0.5 %,
p=0.10). Patients were analyzed with the presence of prognostic
biomarkers such as p53, L1CAM and substantial LVSI, and total pelvic
control was better with RXT when they were present. In PORTEC3, as
discussed before, chemoradiation improved recurrence free as well as
overall survival compared to RXT in ESMO high risk patients. The au-
thors performed an extrapolatory analysis classifying patients into the
molecular classifier and the distribution was as follows: POLE 12.7 %,
p53 22.4 %, MSI 33.4 % and NSMP 31.5 %. They replicate the findings
in TCGA regarding outcomes with p53 mutant having the worst prog-
nosis, POLE the best, and intermediate prognosis among those in MSI
and NSMP (5-year RFS of 50 %, 98 %, 74 % and 76 % respectively,
p < 0.0001). Only patients with p53 mutations derived benefit in RFS
from the added CT (HR 0.50; 95 %CI 0.28−0.88), while not in others
group. Another interesting finding was those patients with POLE mu-
tations had an excellent outcome regardless of the treatment arm (RFS
100 % vs 97 % in CRT and RT respectively, p= 0.37) and we must keep
in mind that these patients have poor prognostic pathological features.
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5. Other relevant targets in molecular subgroups

Others targets can be found in all four molecular groups defined by
the TCGA. In CNH, HER2 is amplified in 25 % of the tumors. In a
randomized phase II study, the addition of trastuzumab to carboplatin
and paclitaxel was evaluated in 61 patients with stage III and IV or
recurrent HER2 positive serous EC (Fader et al., 2018). Trastuzumab
increased median progression free survival in the whole population
(12.6 vs 8.0 months, p= 0.005) and the benefit was even higher for
those with stage III and IV who underwent primary surgery. This
combination received indication in the NCCN guidelines. Also, another
way to target CNH tumors could be thru homologous recombination
deficient (HRD). In a report, HRD was observed in 24 % of cases and
was restricted to non-endometrioid endometrial cancers (NEEC), with
46 % of NEECs being HRD compared with none of the endometrioid
endometrial cancers (EEC, P 1⁄4 0.014) (de Jonge et al., 2019). Al-
though there is no clinical trial in adjuvant setting, in one case report
olaparib was offered to a patient with metastatic endometrioid en-
dometrial cancer who had received several lines of chemotherapy for
multiple relapses over 9 years and displayed a profound sensitivity to
platinum-containing regimens. She showed a significant reduction in
the size of the brain metastases and subjective improvement in tumor-
related symptoms that lasted for 8 months (Forster et al., 2011).

POLE and MSI tumors are considered immunologically hot tumors
because of the high mutational burden and formation of neoantigens.
Some articles reported a high rate of PD1 and PDL1 expression as well
as a high density of tumor infiltrate lymphocytes (Howitt et al., 2015).
Others reports have shown that high levels TIL’s and a high relation
between TIL’s and lymphocyte T regulator are associated with better
prognosis (de Jong et al., 2009). Indeed, anti-PD1/PDL1 agents (such as
pembrolizumab, avelumab, atezolizumab and dorstalimab) showed
good response rates and disease control in metastatic or recurrent EC
with MSI and POLE mutations (Le DT et al., 2017; Azad et al., 2020;
Santin et al., 2016; Liu et al., 2019).

6. Future perspective

Although POLE tumors have consistently demonstrating good out-
comes, it is difficult to draw any firm conclusion if they have a good
prognosis per si or if they are predictive of response to adjuvant therapy.
Due to poor pathologic features, POLE tumors have been treated most
of the time with some type of adjuvant treatment, either CT or RXT. In a
report by Van Gool et al., they examined the recurrence free survival of
patients with POLE mut and POLE wild type in the PORTEC 1 cohort
(Van Gool et al., 2018). Patients with POLE mut in the observation arm
showed an outstanding recurrence free survival compared to RXT arm
(RFS 100 % vs 80 %, p=0.049). They also performed a sensitivity
analysis of POLE mut embryonic mouse stem cells to RXT and selected
chemotherapeutics but failed to show an increase sensitivity to RXT and
chemotherapeutic agents, with exception of fludarabine and cytarabine.
They concluded that the good prognosis cannot be explained by in-
creased sensitivity to adjuvant treatment. Future trials must address the
question of whether adjuvant treatment is of any benefit for POLE tu-
mors. Indeed, PORTEC4a is the only trial addressing the question of the
benefit of adjuvant treatment based on molecular and pathologic fea-
tures. In this study, patients will be classified as low, intermediate and
high-risk categories based on the presence of p53 mutation, L1CAM
positivity and LVSI presence. After this stratification, patients will be
offered observation, BT or RXT (Wortman et al., 2018).

Immunotherapy has been changing the landscape treatment of EC in
the recurrent and metastatic setting. Pembrolizumab has shown activity
in MSI and POLE tumors and received an agnostic indication for MSI
tumors (Research C, 2020). Also, the combination of pembrolizumab
and lenvatinib, an antiangiogenic tyrosine kinase inhibitor, has also
shown activity in MSS tumors, and granted indication for MSS en-
dometrial tumors by the FDA (Makker et al., 2019; Canada, 2020).

Although, there is no phase III trial opened in the adjuvant setting of
EC, there are some phase 1/2 trials focusing on the role of adjuvant
anti-PD1/PDL2 (NCT02630823, NCT03694834, NCT03932409,
NCT04214067, NCT02728830).

For patients with CNH tumors, trastuzumab showed activity in
serous tumors with HER2 positivity and studies should focused in this
biomarker like breast cancer. Unfortunately, no randomized trials are
underway to confirm these findings, neither for the use of newer anti-
HER2 agents such as pertuzumab and TDM1.

7. Conclusion

The dualist vision of EC is giving place to a more robust and reliable
molecular stratification. EC research evolved with the TCGA classifi-
cation bringing new and important information in the field.
Collaborative groups were able to replicate TCGA using accessible tools
with immunohistochemistry. EC guidelines incorporate prognostic
features to guide adjuvant treatment and allow physicians a wide range
of possibilities. Although there is no randomized controlled trial yet to
corroborate solely the molecular classifier as a tool for decision making,
it’s time to move on and include this information along with pathology
features to better delineate adjuvant treatment in EC.

Funding

None

Declaration of Competing Interest

None

References

Abdulfatah, E., Wakeling, E., Sakr, S., Al-Obaidy, K., Bandyopadhyay, S., Morris, R., et al.,
2019. Molecular classification of endometrial carcinoma applied to endometrial
biopsy specimens: towards early personalized patient management. Gynecol. Oncol.
154 (September(3)), 467–474.

Auguste, A., Genestie, C., De Bruyn, M., Adam, J., Le Formal, A., Drusch, F., et al., 2018.
Refinement of high-risk endometrial cancer classification using DNA damage re-
sponse biomarkers: a TransPORTEC initiative. Mod. Pathol. 31 (December(12)),
1851–1861.

Azad, N.S., Gray, R.J., Overman, M.J., Schoenfeld, J.D., Mitchell, E.P., Zwiebel, J.A.,
et al., 2020. Nivolumab is effective in mismatch repair–deficient noncolorectal can-
cers: results from arm Z1D—a subprotocol of the NCI-MATCH (EAY131) study. J.
Clin. Oncol. 38 (January (3)), 214–222 20.

Bosse, T., Nout, R.A., McAlpine, J.N., McConechy, M.K., Britton, H., Hussein, Y.R., et al.,
2018. Molecular classification of grade 3 endometrioid endometrial cancers identifies
distinct prognostic subgroups. Am. J. Surg. Pathol. 1 March.

Britton, H., Huang, L., Lum, A., Leung, S., Shum, K., Kale, M., et al., 2019. Molecular
classification defines outcomes and opportunities in young women with endometrial
carcinoma. Gynecol. Oncol. 153 (June(3)), 487–495.

Research C for DE and. Simultaneous review decisions for pembrolizumab plus lenvatinib
in Australia, Canada and US. FDA [Internet]. 2019 Dec 20 [cited 2020 Feb 20];
Available from: http://www.fda.gov/drugs/resources-information-approved-drugs/
simultaneous-review-decisions-pembrolizumab-plus-lenvatinib-australia-canada-
and-us.

Cancer today [Internet]. [cited 2020 Feb 20]. Available from: http://gco.iarc.fr/today/
home.

Colombo, N., Creutzberg, C., Amant, F., Bosse, T., González-Martín, A., Ledermann, J.,
et al., 2016. ESMO-ESGO-ESTRO Consensus Conference on Endometrial Cancer: di-
agnosis, treatment and follow-up. Ann. Oncol. 27 (January(1)), 16–41.

Creasman, W.T., Morrow, C.P., Bundy, B.N., Homesley, H.D., Graham, J.E., Heller, P.B.,
1987. Surgical pathologic spread patterns of endometrial cancer. A Gynecologic
Oncology Group Study. Cancer. 15 (October8 Suppl), 2035–2041 60.

Creutzberg, C.L., van Putten, W.L., Koper, P.C., Lybeert, M.L., Jobsen, J.J., Wárlám-
Rodenhuis, C.C., et al., 2000. Surgery and postoperative radiotherapy versus surgery
alone for patients with stage-1 endometrial carcinoma: multicentre randomised trial.
Lancet 355 (April9213), 1404–1411.

de Boer, S.M., Powell, M.E., Mileshkin, L., Katsaros, D., Bessette, P., Haie-Meder, C., et al.,
2019. Adjuvant chemoradiotherapy versus radiotherapy alone in women with high-
risk endometrial cancer (PORTEC-3): patterns of recurrence and post-hoc survival
analysis of a randomised phase 3 trial. Lancet Oncol. 20 (September(9)), 1273–1285.

de Jong, R.A., Leffers, N., Boezen, H.M., ten Hoor, K.A., van der Zee, A.G.J., Hollema, H.,
et al., 2009. Presence of tumor-infiltrating lymphocytes is an independent prognostic
factor in type I and II endometrial cancer. Gynecol. Oncol. 114 (July(1)), 105–110.

E. Paulino and A.C. de Melo Critical Reviews in Oncology / Hematology 153 (2020) 103016

4

http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0005
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0005
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0005
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0005
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0010
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0010
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0010
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0010
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0015
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0015
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0015
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0015
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0020
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0020
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0020
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0025
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0025
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0025
http://www.fda.gov/drugs/resources-information-approved-drugs/
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0040
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0040
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0040
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0045
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0045
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0045
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0050
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0050
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0050
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0050
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0055
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0055
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0055
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0055
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0060
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0060
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0060


de Jonge, M.M., Auguste, A., van Wijk, L.M., Schouten, P.C., Meijers, M., ter Haar, N.T.,
et al., 2019. Frequent homologous recombination deficiency in high-grade en-
dometrial carcinomas. Clin. Cancer Res. 1 (Feburary (3)), 1087–1097 25.

Fader, A.N., Roque, D.M., Siegel, E., Buza, N., Hui, P., Abdelghany, O., et al., 2018.
Randomized phase II trial of carboplatin-paclitaxel versus carboplatin-paclitaxel-
Trastuzumab in uterine serous carcinomas that overexpress human epidermal growth
factor receptor 2/neu. J. Clin. Oncol. 10 (July (20)), 2044–2051 36.

for the PORTEC Study Group, Wortman, Bg, Creutzberg, Cl, Putter, H., Jürgenliemk-
Schulz, Im, Jobsen, Jj, et al., 2018. Ten-year results of the PORTEC-2 trial for high-
intermediate risk endometrial carcinoma: improving patient selection for adjuvant
therapy. Br. J. Cancer 119 (October(9)), 1067–1074.

Forster, Md, Dedes, Kj, Sandhu, S., Frentzas, S., Kristeleit, R., Ashworth, A., et al., 2011.
Treatment with olaparib in a patient with PTEN-deficient endometrioid endometrial
cancer. Nat. Rev. Clin. Oncol. 8 (May(5)), 302–306.

Hogberg, T., Signorelli, M., de Oliveira, C.F., Fossati, R., Lissoni, A.A., Sorbe, B., et al.,
2010. Sequential adjuvant chemotherapy and radiotherapy in endometrial
cancer–Results from two randomised studies. Eur. J. Cancer 46 (September(13)),
2422–2431.

Howitt, B.E., Shukla, S.A., Sholl, L.M., Ritterhouse, L.L., Watkins, J.C., Rodig, S., et al.,
2015. Association of polymerase e–Mutated and microsatellite-instable endometrial
cancers with neoantigen load, number of tumor-infiltrating lymphocytes, and ex-
pression of PD-1 and PD-L1. JAMA Oncol. 1 (December(9)), 1319 1.

Keys, H.M., Roberts, J.A., Brunetto, V.L., Zaino, R.J., Spirtos, N.M., Bloss, J.D., et al.,
2004. A phase III trial of surgery with or without adjunctive external pelvic radiation
therapy in intermediate risk endometrial adenocarcinoma: a Gynecologic Oncology
Group study. Gynecol. Oncol. 92 (March(3)), 744–751.

Kim, S.R., Pina, A., Albert, A., McAlpine, J., Wolber, R., Blake Gilks, C., et al., 2018. Does
MMR status in endometrial cancer influence response to adjuvant therapy? Gynecol.
Oncol. 151 (October(1)), 76–81.

Kommoss, S., McConechy, M.K., Kommoss, F., Leung, S., Bunz, A., Magrill, J., et al., 2018.
Final validation of the ProMisE molecular classifier for endometrial carcinoma in a
large population-based case series. Ann. Oncol. 29 (May(5)), 1180–1188.

Le DT, Durham J.N., Smith, K.N., Wang, H., Bartlett, B.R., Aulakh, L.K., et al., 2017.
Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade.
Science. 28 (July (6349)), 409–413 357.

León‐Castillo, A., Gilvazquez, E., Nout, R., Smit, V.T., McAlpine, J.N., McConechy, M.,
et al., 2020. Clinicopathological and molecular characterisation of ‘multi-
ple‐classifier’ endometrial carcinomas. J. Pathol. 250 (March(3)), 312–322.

Liu, J.F., Gordon, M., Veneris, J., Braiteh, F., Balmanoukian, A., Eder, J.P., et al., 2019.
Safety, clinical activity and biomarker assessments of atezolizumab from a Phase I
study in advanced/recurrent ovarian and uterine cancers. Gynecol. Oncol. 154
(August(2)), 314–322.

Maggi, R., Lissoni, A., Spina, F., Melpignano, M., Zola, P., Favalli, G., et al., 2006.
Adjuvant chemotherapy vs radiotherapy in high-risk endometrial carcinoma: results
of a randomised trial. Br. J. Cancer 95 (August(3)), 266–271.

Makker, V., Rasco, D., Vogelzang, N.J., Brose, M.S., Cohn, A.L., Mier, J., et al., 2019.
Lenvatinib plus pembrolizumab in patients with advanced endometrial cancer: an
interim analysis of a multicentre, open-label, single-arm, phase 2 trial. Lancet Oncol.
20 (May(5)), 711–718.

Matei, D., Filiaci, V., Randall, M.E., Mutch, D., Steinhoff, M.M., DiSilvestro, P.A., et al.,
2019. Adjuvant chemotherapy plus radiation for locally advanced endometrial
Cancer. N. Engl. J. Med. 13 (June (24)), 2317–2326 380.

McConechy, M.K., Talhouk, A., Li-Chang, H.H., Leung, S., Huntsman, D.G., Gilks, C.B.,
et al., 2015. Detection of DNA mismatch repair (MMR) deficiencies by im-
munohistochemistry can effectively diagnose the microsatellite instability (MSI)
phenotype in endometrial carcinomas. Gynecol. Oncol. 137 (May(2)), 306–310.

McMeekin, D.S., Tritchler, D.L., Cohn, D.E., Mutch, D.G., Lankes, H.A., Geller, M.A., et al.,
2016. Clinicopathologic Significance of Mismatch Repair Defects in Endometrial
Cancer: An NRG Oncology/Gynecologic Oncology Group Study. J. Clin. Oncol. 1
(September (25)), 3062–3068 34.

NCCN - Evidence-Based Cancer Guidelines, Oncology Drug Compendium, Oncology
Continuing Medical Education [Internet]. [cited 2020 Feb 20]. Available from:
https://www.nccn.org/.

Adjuvant external beam radiotherapy in the treatment of endometrial cancer (MRC
ASTEC and NCIC CTG EN.5 randomised trials): pooled trial results, systematic re-
view, and meta-analysis. Lancet 373 (January(9658)), 137–146.

Nout, R., Smit, V., Putter, H., Jürgenliemk-Schulz, I., Jobsen, J., Lutgens, L., et al., 2010.
Vaginal brachytherapy versus pelvic external beam radiotherapy for patients with
endometrial cancer of high-intermediate risk (PORTEC-2): an open-label, non-in-
feriority, randomised trial. Lancet 375 (March(9717)), 816–823.

Paulino, E., Nogueira-Rodrigues, A., Goss, P.E., Faroni, L., Guitmann, G., Strasser-Weippl,
K., et al., 2018. Endometrial Cancer in Brazil: preparing for the rising incidence. Rev
Bras Ginecol E Obstet Rev Fed Bras Soc Ginecol E Obstet. 40 (October(10)), 577–579.

Raffone, A., Travaglino, A., Mascolo, M., Carotenuto, C., Guida, M., Mollo, A., et al., 2020.
Histopathological characterization of ProMisE molecular groups of endometrial
cancer. Gynecol. Oncol January; S0090825820300081.

Randall, M.E., Filiaci, V.L., Muss, H., Spirtos, N.M., Mannel, R.S., Fowler, J., et al., 2006.
Randomized phase III trial of whole-abdominal irradiation versus doxorubicin and
cisplatin chemotherapy in advanced endometrial carcinoma: a gynecologic oncology
group study. J. Clin. Oncol. 24 (January (1)), 36–44 1.

Randall, M.E., Filiaci, V., McMeekin, D.S., von Gruenigen, V., Huang, H., Yashar, C.M.,
et al., 2019. Phase III trial: adjuvant pelvic radiation therapy versus vaginal bra-
chytherapy plus Paclitaxel/Carboplatin in high-intermediate and high-risk early-
stage endometrial Cancer. J. Clin. Oncol. 20 (July(21)), 1810–1818 37.

Research C for DE and. FDA grants accelerated approval to pembrolizumab for first
tissue/site agnostic indication. FDA [Internet]. 2019 Feb 9 [cited 2020 Feb 20];
Available from: http://www.fda.gov/drugs/resources-information-approved-drugs/
fda-grants-accelerated-approval-pembrolizumab-first-tissuesite-agnostic-indication.

Santin, A.D., Bellone, S., Buza, N., Choi, J., Schwartz, P.E., Schlessinger, J., et al., 2016.
Regression of chemotherapy-resistant polymerase (POLE) ultra-mutated and MSH6
hyper-mutated endometrial tumors with nivolumab. Clin. Cancer Res. 1 (December
(23)), 5682–5687 22.

Sari, A., Pollett, A., Eiriksson, L.R., Lumsden-Johanson, B., Van de Laar, E., Kazerouni, H.,
et al., 2019. Interobserver Agreement for Mismatch Repair Protein
Immunohistochemistry in Endometrial and Nonserous. Nonmucinous Ovarian
Carcinomas: Am J Surg Pathol. 43 (May(5)), 591–600.

Siegel, R.L., Miller, K.D., Jemal, A., 2020. Cancer statistics. CA Cancer J. Clin. 70 (January
(1)), 7–30 2020.

Singh, N., Piskorz, A.M., Bosse, T., Jimenez‐Linan, M., Rous, B., Brenton, J.D., et al., 2020.
p53 immunohistochemistry is an accurate surrogate for TP53 mutational analysis in
endometrial carcinoma biopsies. J. Pathol. 250 (March(3)), 336–345.

Stelloo, E., Bosse, T., Nout, R.A., MacKay, H.J., Church, D.N., Nijman, H.W., et al., 2015.
Refining prognosis and identifying targetable pathways for high-risk endometrial
cancer; a TransPORTEC initiative. Mod. Pathol. 28 (June(6)), 836–844.

Stelloo, E., Nout, R.A., Osse, E.M., Jürgenliemk-Schulz, I.J., Jobsen, J.J., Lutgens, L.C.,
et al., 2016. Improved risk assessment by integrating molecular and clin-
icopathological factors in early-stage endometrial Cancer—combined analysis of the
PORTEC cohorts. Clin. Cancer Res. 15 (August (16)), 4215–4224 22.

Susumu, N., Sagae, S., Udagawa, Y., Niwa, K., Kuramoto, H., Satoh, S., et al., 2008.
Randomized phase III trial of pelvic radiotherapy versus cisplatin-based combined
chemotherapy in patients with intermediate- and high-risk endometrial cancer: a
Japanese Gynecologic Oncology Group study. Gynecol. Oncol. 108 (January(1)),
226–233.

Talhouk, A., McConechy, M.K., Leung, S., Li-Chang, H.H., Kwon, J.S., Melnyk, N., et al.,
2015. A clinically applicable molecular-based classification for endometrial cancers.
Br. J. Cancer 113 (July(2)), 299–310.

Talhouk, A., Hoang, L.N., McConechy, M.K., Nakonechny, Q., Leo, J., Cheng, A., et al.,
2016. Molecular classification of endometrial carcinoma on diagnostic specimens is
highly concordant with final hysterectomy: earlier prognostic information to guide
treatment. Gynecol. Oncol. 143 (October(1)), 46–53.

Talhouk, A., McConechy, M.K., Leung, S., Yang, W., Lum, A., Senz, J., et al., 2017.
Confirmation of ProMisE: a simple, genomics-based clinical classifier for endometrial
cancer: molecular Classification of EC. Cancer 1 (March (5)), 802–813 123.

The Cancer Genome Atlas Research Network, Levine, D.A., 2013. Integrated genomic
characterization of endometrial carcinoma. Nature. 497 (May 7447), 67–73.

Van Gool, I.C., Rayner, E., Osse, E.M., Nout, R.A., Creutzberg, C.L., Tomlinson, I.P.M.,
et al., 2018. Adjuvant treatment for POLE proofreading domain–mutant cancers:
sensitivity to radiotherapy, chemotherapy, and nucleoside analogues. Clin. Cancer
Res. 1 (July (13)), 3197–3203 24.

Wortman, B.G., Bosse, T., Nout, R.A., Lutgens, L.C.H.W., van der Steen-Banasik, E.M.,
Westerveld, H., et al., 2018. Molecular-integrated risk profile to determine adjuvant
radiotherapy in endometrial cancer: evaluation of the pilot phase of the PORTEC-4a
trial. Gynecol. Oncol. 151 (October(1)), 69–75.

Andreia C Melo, PhD Medical Oncologist with special interest in gynecological cancer
Head of the Clinical Research Division of the Brazilian National Cancer Institute.

Eduardo Paulino, MD Medical Oncologist with special interest in gynecological cancer
PhD student at the Brazilian National Cancer Institute.

E. Paulino and A.C. de Melo Critical Reviews in Oncology / Hematology 153 (2020) 103016

5

http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0065
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0065
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0065
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0070
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0070
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0070
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0070
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0075
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0075
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0075
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0075
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0080
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0080
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0080
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0085
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0085
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0085
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0085
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0090
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0090
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0090
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0090
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0095
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0095
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0095
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0095
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0100
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0100
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0100
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0105
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0105
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0105
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0110
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0110
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0110
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0115
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0115
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0115
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0120
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0120
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0120
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0120
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0125
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0125
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0125
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0130
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0130
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0130
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0130
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0135
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0135
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0135
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0140
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0140
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0140
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0140
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0145
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0145
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0145
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0145
http://://www.nccn.org/
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0155
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0155
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0155
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0160
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0160
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0160
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0160
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0165
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0165
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0165
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0170
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0170
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0170
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0175
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0175
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0175
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0175
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0180
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0180
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0180
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0180
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0190
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0190
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0190
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0190
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0195
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0195
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0195
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0195
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0200
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0200
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0205
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0205
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0205
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0210
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0210
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0210
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0215
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0215
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0215
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0215
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0220
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0220
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0220
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0220
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0220
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0225
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0225
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0225
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0230
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0230
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0230
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0230
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0235
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0235
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0235
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0240
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0240
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0245
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0245
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0245
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0245
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0250
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0250
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0250
http://refhub.elsevier.com/S1040-8428(20)30154-2/sbref0250

	Adjuvant treatment of endometrial cancer in molecular era: Are we ready to move on?
	Introduction
	Historical perspective of adjuvant treatment in early stage EC
	The TCGA and its reproducibility in clinics
	Is there any evidence of molecular classifier to guide adjuvant treatment?
	Other relevant targets in molecular subgroups
	Future perspective
	Conclusion
	Funding
	Declaration of Competing Interest
	References




