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• Clear cell endometrial cancer represents uncommon uterine tumor.
• Multi-modal treatment should be considered in patient with clear cell endometrial cancer.
• Immunotherapy might play a role in patients with MMRd clear cell endometrial cancer.
• ATr, PIK3CA, DDR, and HER2might be potential targets in clear cell endometrial cancer
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Clear cell endometrial carcinoma represents an uncommon and poorly understood entity. Data from molecular/
genomic profiling highlighted the importance of various signatures in assessing the prognosis of endometrial
cancer according to four classes of risk (POLE mutated, MMRd, NSMP, and p53 abnormal). Unfortunately, data
specific to clear cell histological subtype endometrial cancer are lacking.More recently, data has emerged to sug-
gest that most of the patients (more than 80%) with clear cell endometrial carcinoma are characterized by p53
abnormality or NSMP type. This classification has important therapeutic implications. Although it is an uncom-
mon entity, clear cell endometrial cancer patients with POLE mutation seem characterized by a good prognosis.
Chemotherapy is effective in patients with NSMP (especially in stage III and IV) and patients with p53 abnormal
disease (all stages). While, preliminary data suggested that patients with MMRd are less likely to benefit from
chemotherapy. The latter group appears to benefit much more from immune checkpoint inhibitors: recent
data from clinical trials on pembrolizumab plus lenvatinib and nivolumab plus cabozantinib supported that im-
munotherapy plus tyrosine kinase inhibitors (TKI) would be the most appropriate treatment for recurrent non-
endometrioid endometrial cancer (including clear cell carcinoma) after the failure of platinum-based chemother-
apy. Moreover, ongoing clinical trials testing the anti-tumor activity of innovative products will clarify the better
strategies for advanced/recurrent clear cell endometrial carcinoma. Further prospective evidence is urgently
needed to better characterize clear cell endometrial carcinoma.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Endometrial cancer is one of most common gynecological cancers,
with more than 65,000 newly diagnosed cases in the United States in
2021 [1]. The prevalence of endometrial cancer is rapidly growing,
with an estimated increase of about 20,000 cases per year, over the
last decade [1]. Endometrial cancer is not a single disease, but a hetero-
geneous group of separate entities. According to histological classifica-
tion, endometrioid endometrial cancer is the most common type of
endometrial cancer, accounting for about 75–80% of cases [2]. Other
types of endometrial cancer include serous carcinoma (10%), undiffer-
entiated carcinoma (5%), carcinosarcoma (2–5%), clear cell carcinoma
(2–5%), mesonephric like (1%) and the gastric-type (1%) [2,3]. Non-
endometrioid endometrial cancer is characterized by a higher risk of re-
currence and worse prognosis than endometrioid endometrial cancer
[2]. These aggressive forms are responsible for 40% of the total number
of endometrial cancer-related deaths [2,3].

Clear cell endometrial carcinoma is a rare type of uterine malignancy,
and it is more prevalent amongst East Asian patients [3]. Clear cell endo-
metrial carcinoma represents a poorly understood disease entity, and few
clinical trials have exclusively recruited this patient population [3]. In con-
trast with other more common subtypes of endometrial cancer, limited
data are available regarding the carcinogenesis and natural history of
clear cell endometrial cancer. Clear cell endometrial carcinomas are ag-
gressive cancers with poorer prognosis and chemotherapy resistance
[4,5]. Owing to the rarity of clear cell endometrial cancer, several features
regarding this condition are still unclear. In the present review, we per-
formed a thorough discussion on the pathological and molecular
2

landscape of clear cell endometrial cancer, focusing on emerging thera-
peutic options.

2. Pathological characteristics

The diagnosis of clear cell endometrial carcinoma represents a chal-
lenge for pathologists, since there is a significant inter-observer variabil-
ity which can be as high as 30% [6,7]. The morphological features are
similar to its ovarian counterpart but, according to theWorldHealth Or-
ganization (WHO) classification, the diagnosis of clear cell endometrial
carcinoma requires specific criteria: polygonal or hobnail or cells with
clear or eosinophilic/oxyphilic cytoplasm and nuclear atypia, with dif-
ferent architectural pattern of growth, such as papillary, tubulocystic,
or solid [8]. The vast majority of cases show a combination of different
histologic patterns, the most common being the tubulo-cystic, which
is represented by tubules or glands characterized by cystic dilation
and abundant inter-glandular stroma [7–9]. The predominant histologic
pattern is papillary, in the form of small rounded papillae hyalinized
stroma and hyaline bodies [7–9]. The solid pattern is composed both
by clear and oxyphilic cells, which constitute a sheet of polygonal cells
withwell-defined cell borders, interspersed thin fibrous septa, and is al-
most always interlaced with other patterns. From the cytologic point of
view, large pleomorphic nuclei included in scattered or clustered cells
with a low mitotic index is often shown, while nuclear atypia and
highmitotic index are not typical features [7–9]. Usually, clear cell endo-
metrial carcinoma are “high-grade”. Fig. 1 shows pathological charac-
teristics of clear cell endometrial carcinoma. Diagnosis is mainly based
on morphological features, but immunohistochemistry can help to



Fig. 1. Pathological characteristics of clear cell endometrial cancer.
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distinguish it from serous and endometroid carcinomas. A clear cell en-
dometrial carcinoma is usually HNF1B positive, WT1 negative, Napsin A
and/or p504S positive, and estrogen receptor (ER)/progesterone recep-
tor (PR) negative [7–9]. An expert gynecologic pathology review is
highly recommended [10–11].
2.1. Molecular and genomic profile of clear cell endometrial cancer

In 2013, The Cancer Genome Atlas (TCGA) highlighted the impor-
tance of molecular/genomic profiling in endometrial cancer. As surro-
gate markers of the TCGA molecular subtypes, the Proactive Molecular
Risk Classifier for Endometrial Cancer (ProMisE) subdivided different
endometrial carcinomas into four prognostic molecular subgroups
POLE mutated/ultramutated (POLE mut), microsatellite-unstable/
hypermutated (MSI or mismatch repair deficient (MMRd)), copy-
number-low/TP53-wild-type (CNL/NSMP) and copy-number- high/
TP53-abnormal (CNH/p53 abn) [4]. Notably, no clear cell endometrial
carcinomas were involved in the study. Since then, other groups have
described the molecular classification of clear cell endometrial carcino-
mas [12]. Results are consistent across different reports, and demon-
strated that the most prevalent subgroups were the p53 abnormal and
NSMP subgroups, while the MSI and POLE mut subgroups were less
common [12]. Data extracted from a recently published review suggest
that POLEmut,MMRd, p53 abn andNSMPwild type accounted for about
4%, 10%, 44%, and 42% of patients with pure clear cell endometrial carci-
noma, respectively [12,13] This molecular classification has also prog-
nostic value. The p53 abnormal subgroup displays aggressive features
with the highest proportion of LVSI, deep myometrial invasion, node
positivity and advanced stage (III/IV) disease among the endometrial
cancer patients. Patients with MMRd or POLE mutation are typically
younger, and usually show higher tumor infiltrating lymphocytes
(TILs), which might confer better outcome (especially for those receiv-
ing immunotherapy). Understanding response to therapies in thesemo-
lecular subgroups will be fundamental to optimal clinical practice: post
hoc subgroup analysis of PORTEC 3 trial data suggested that some sub-
groups do not need adjuvant therapy due to their intrinsically good
prognosis (e.g., the POLE subgroups), or possibly they need only radia-
tion therapy (e.g., the MMRd subgroup) [14,15]. Instead, p53 abnormal
endometrial cancer benefit from both chemotherapy with or without
radiotherapy [14,15]. The most frequently mutated group of genes in
clear cell endometrial carcinoma are those involved in chromatin re-
modeling and transcriptional regulation (i.e., ARID1A, ZFHX, PIK3CA,
and TSPYL2) and genes involved in ubiquitin-mediated proteolysis
3

(i.e., SPOP and FBXW7); TP53 missense mutation is also frequently
found. Mutations in the PIK3R1 and KRAS genes are found in 18% and
14% of cases, respectively. Interestingly patients with clear cell carci-
noma are characterized by synchronous mutation of the PIK3CA and
KRAS genes [17]. Mutations in CTNNB1 and PTEN are not usually re-
ported in patients with clear cell endometrial cancer [12,13,16,17].

2.2. Surgical approaches

Surgery is themainstay of treatment for endometrial cancer. Hysterec-
tomy (plus salpingo-oophorectomy) allows primary tumor removal and
identification of major prognostic factors (e.g., myometrial invasion,
lymph vascular space invasion) [18]. Fertility-sparing procedures are not
recommended in patientswith clear cell endometrial cancer [10,11]. Inter-
national guidelines recommend, the execution of peritoneal and retroper-
itoneal staging, even in presence of apparent early-stage disease.
Minimally invasive surgery should be the preferred surgical approach
[11].Minimally invasive surgery correlateswith improved short-termout-
comes and similar long-term oncologic outcomes than open surgery [11].
Cytoreductive surgery (with the removal of bulky nodes) is recommended
in locally advanced andmetastatic disease (III-IVB) [10,11]. The role of ret-
roperitoneal staging deserves special attention. Full nodal dissection (pel-
vic and para-aortic) is still recommended by several guidelines [10,11].
Only few data on the use of sentinel nodemapping in clear cell carcinoma
are available [19], the National Comprehensive Cancer Network®
(NCCN®) guidelines open to the adoption of this approach even in non-
endometroid endometrial cancer (including those with clear cell histol-
ogy) [10]. Also, the ESGO/ESTRO/ESP guidelines stated that sentinel node
is an acceptable alternative to systematic lymphadenectomy for staging
purpose in early stage endometrial cancer with high/intermediate and
high risk disease (including clear cell endometrial cancer) [11]. However,
sentinel node mapping should be done in institutions with expertise in
this type of approach. Ongoing prospective studies will clarify the role of
sentinel node mapping in clear cell endometrial cancer [20]. According
to the ESGO/ESTRO/ESP guidelines, infracolic omentectomy can be omit-
ted in early-stage clear cell endometrial carcinoma, as the low rate of
omental metastases does not justify this staging procedure [11].

2.3. Adjuvant therapy

The role of adjuvant therapy in early-stage clear cell endometrial
carcinoma is still debated. Both the NCCN and ESGO/ESTRO/ESP guide-
lines grouped together clear cell endometrial carcinoma with other
non-endometrioid histological types. [10,11] According to the NCCN
guidelines, clear cell endometrial carcinoma are classified as a high-
risk disease and warrant adjuvant treatments in most cases [10].

Importantly, the ESGO/ESTRO/ESP guidelines introduced molecular
classification as fundamental integrated information for prognostic
risk group stratification and for tailoring adjuvant therapy in endome-
trial carcinoma patients. These Triple-European guidelines apply a dif-
ferentiated approach in patients with clear cell carcinoma of the
endometrium and discriminate the situation of known and unknown
molecular marker profile, respectively. In the situation of known
clinico-pathological markers only (without molecular profiling) the
ESGO/ESTRO/ESP guidelines classify patients with stage IA clear cell en-
dometrial carcinomawithout myometrial invasion as intermediate risk,
while patients with stage I-IVA clear cell endometrial carcinoma with
myometrial invasion are classified as high risk disease [11].

If molecular classification is known, these guidelines classify clear
cell carcinoma patient with stage I and II POLE mut disease as low risk
with no need for adjuvant treatment, while stage I-IVa p53abn clear
cell carcinomas with myometrial invasion are categorized into the
high risk group, and treatment according to high risk group with che-
motherapy +/− radiotherapy is recommended. Clear cell carcinoma
of stages I-IVa with the molecular profile MMRd or NSMP and
myometrial invasion are not allocated to a prognostic risk group in the
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ESGO/ESTO/ESP guidelines as at the time point of publication insuffi-
cient data were available for their prognostic relevance. Thus, for these
patients also no adjuvant treatment recommendations are provided,
but inclusion into prospective registries is recommended.

A recently meta-analysis including 114 pure clear cell endometrial
carcinoma patients from six studies highlighted that molecular and ge-
nomic classification might predict patients outcomes [12]. The 5-year
overall survival rates for POLE mutated, MMRd, NSMP and p53 abnor-
mal subgroups were 100%, 91%, 49% and 35%, respectively [12]. In liter-
ature, patients with POLE mutation are considered at low risk of
recurrence, and adjuvant therapy in this group can be avoided in stage
I, II while more reliable date are waited for stage III-IV disease and pro-
spective registries are encouraged [12]. Similarly, molecular analysis of
the PORTEC-3 trial suggested no, or limited benefit of adding chemo-
therapy in patients with MMRd disease [15]. Therefore, in this latter
group of patients, chemotherapy could be considered as an option and
discussed on a case-by-case basis. Adjuvant therapy has an important
role in patients with p53 abnormalities and potentially also to certain
extent in the NSMP group. These two latter groups also represent the
large majority of clear cell endometrial carcinoma. Overall, 30–50% of
patients with clear cell endometrial cancer are characterized by p53 ab-
normalities. The prevalence is generally higher in case of tumors charac-
terized by mixed histology (e.g., clear cell plus serous endometrial
cancer) [12–15]. However, we have to highlight that patients with
mixed endometrioid and clear cell carcinoma are characterized by
MMMRd [21]. The NSMP group accounts for about 45–50% of clear cell
endometrial carcinoma. Hence, the majority of clear cell endometrial
carcinoma is characterized by poor prognosis and deserve to be treated
with adjuvant treatment. Generally, the preferred adjuvant regimen in-
cludes a multimodal treatment with chemotherapy and radiotherapy
[10–12]. Fig. 2 displays the recommendation for adjuvant therapy in
clear cell endometrial carcinoma, according to clinical-pathological fea-
tures and molecular / genomic characteristics. However, we would like
to emphasize that only limited data are available for stage IA (with
myometrial invasion), stage IB, II, III and IVA clear cell endometrial car-
cinoma characterized by MMRd and NSMP. Similarly, data regarding
POLE mutated, stage III and IV, clear cell endometrial carcinoma are
also limited. Therefore, the level of evidence is not sufficient to draw
strong conclusions, further prospective data are needed to better define
prognosis and role of adjuvant therapy in clear cell endometrial cancer.

2.4. Follow-up schedule

Patients with clear cell endometrial cancer are candidates for regular
follow-up visits after primary treatment. Follow-up schedules include reg-
ular gynecological examination performed every 3–4 months during the
first twoyears, andevery sixmonthsduring thenext three years. Radiolog-
ical examination (contrast enhanced abdominal computed tomography
[CT] scan) is recommended annually [22]. To date, no data support the
role of more intensive follow-up schedule even in patients with clear cell
endometrial cancer. The intensive versus minimalist follow-up in patients
treated for endometrial cancer (TOTEM) study, was presented at the
American Society for Clinical Oncology (ASCO) 2021 annual meeting
[22]. Analyzing data of 1884 endometrial cancer patients, the authors ob-
served that intensive follow-up schedules showed a weak and uncertain
advantage in detecting earlier asymptomatic relapses, but did not improve
5-year overall survival, even in the high-risk group, nor influenced quality
of life. However, only 8.1% of patients with non-endometrioid histology
were included [22]. Further evidence is needed to assess the preferred
follow-up schedule. However, frequent routine use of imaging and labora-
tory exams (i.e., serummarkers) in these patients should be discouraged.

2.5. Treatment of recurrent / progressive disease

Patients with recurrent disease are characterized by poor prognosis
and have only limited therapeutic options. The treatment of recurrent
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disease depends on several features, including the patients' demo-
graphic characteristics, comorbidities, performance status, response to
previous treatments, and metastatic sites. Treatment of recurrent
disease is usually multimodal, and includes surgery, radiotherapy, and
chemotherapy. Surgery and/or radiotherapy (with or without chemo-
therapy) might be offered in patients with oligometastatic disease and
loco-regional recurrence, evenwhen relapses are repeated [23]. Surgery
should only be offered if R0-resection is possible [23]. Chemotherapy is
the mainstay of treatment in patients with peritoneal and/or hematog-
enous dissemination and platinum-based chemotherapy is the standard
first-line regimen. The phase III GOG209 study compared paclitaxel-
doxorubicin-cisplatin with carboplatin plus paclitaxel in stage III/IV,
and recurrent endometrial cancers. Carboplatin plus paclitaxel showed
similar efficacy in terms of progression-free survival and overall
survival, but more favorable safety profile, compared to paclitaxel-
doxorubicin-cisplatin. However, the GOG209 included only 47 (3.4%)
with clear cell endometrial carcinoma [24]. Although no specific pro-
spective data on clear cell endometrial cancer are available as yet, sev-
eral immune checkpoint inhibitors have been studied in patients with
recurrent endometrial cancer [25]. Recently, based on the results from
phase II studies, the US Food and Drug Administration (FDA) approved
the use of the immune-checkpoint inhibitor, pembrolizumab, in
patients with MSI-H/MMRd disease (progressed after conventional
therapy), and pembrolizumab plus the antiangiogenic agent, lenvatinib,
as second line treatment in patients with microsatellite stable endome-
trial cancer [25]. Interestingly, the combination of pembrolizumab and
lenvatinib in second line showed a clinically meaningful (and statistically
significant) improvement in progression-free survival, overall survival,
and objective response rate, regardless of MMR status, in endometrial
cancer patients after failure of platinum-based chemotherapy [25].
Makker et al., reported results of a phase II study (the KEYNOTE-146/
Study-111) evaluating the role of lenvatinib plus pembrolizumab in a co-
hort of patients with advanced endometrial carcinoma [25]. In this trial,
patients were treated with lenvatinib 20 mg once daily orally plus pem-
brolizumab 200 mg intravenously once every 3 weeks, in three-
week cycles. The objective response rate at 24 weeks was 63.6% (95%
CI: 30.8% to 89.1%) in patients with MSIH/MMRd (n = 11), and 36.2%
(95%CI: 26.5% to 46.7%) in patients with microsatellite-stable tumors
(n = 94). The results of this study highlight that pembrolizumab plus
lenvatinib have promising antitumor activity, regardless of tumors' MSI
status [25]. However, only about 5% of patients included in the
KEYNOTE-146/Study-111 were affected by clear cell endometrial carci-
noma [25]. More recently, dostarlimab was granted accelerated approval
for the treatment of patientswith recurrent or advanced endometrial can-
cer withMMRd that has progressed on, or following prior treatmentwith
platinum-based chemotherapy. In the single-arm, multi-cohort GARNET
trial (NCT02715284), patients received 500 mg of dostarlimab once
every 3 weeks for 4 doses, followed by 1000 mg once every 6 weeks
until disease progression. This trial showed an effective anti-tumor activ-
ity in the MMRd cohort. Moreover, the updated results of the trial (pre-
sented at the European Society for Medical Oncology - ESMO 2020
Congress) showed that in 103 patients with MMRd endometrial cancer,
the disease control rate was 57.3% and the objective response rate was
44.7% [26]. Overall, 11, 35, and 13 patients experienced complete re-
sponse, partial response, and stable disease, respectively [26]. Lower
rates of response were also seen in a separate cohort of patients with
microsatellite stable endometrial cancer patients. Table 1 summarizes
the most relevant available data on anti-tumor activity of immune-
checkpoint inhibitors in patients with recurrent endometrial cancer.
Fig. 3 summarizes the recommendation for the treatment of advanced
and metastatic disease according to the NCCN and ESGO/ESTRO/ESP
guidelines [10,11]. At the present time, only dostarlimab gained approval
or reimbursement in Europe and approval for lenvatinib and pembrolizu-
mab is awaited at the end of this year. Further evidence from ongoing
trials will clarify the benefit of adding immunotherapy, or other target
therapies in patients with recurrent clear cell endometrial carcinoma.
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Table 1
The role of immune checkpoint inhibitors in advanced / recurrent endometrial cancer.

Study Identifier KEYNOTE-158 KEYNOTE-775/Study 309 NCT01375842 GARNET trial
(NCT02715284)

NCT03367741

Medication used Pembrolizumab Pembrolizumab lenvatinib vs.
chemotherapy

Atezolizumab Dostarlimab Nivolumab Nivolumab plus
cabozantinib

Study design Phase II Phase III Phase Ia Phase II Phase II Phase II

Number of patients 49 dMMR patients 411 in the control group vs.
416 in the experimental arm

15 126 dMMR and 145
MMRp

20 39

Number of patients with
non-endometrioid histology

47% NR 5 (33%) NR NR NR

Number of patients with clear cell
histology

2% NR 0% NR NR NR

Objective response rate 57% 31.9% 13% 44.7% (dMMR); 13.4%
(MMRp)

11% 25%

Partial response 20% 25.3% 13% 33.9% NR NR
Complete response 8% 6.6% 0% 10.6% NR NR
Duration of response Not reached (NR; range,

3–27+ mo)
14.4 7.3–8.1 Not reached NR NR

Progression-free survival 26 mo 7.2 mo 1.7 mo NR 1.9 mo 5.3 mo
Overall survival Not reached (95% CI, 27

mo-NR)
18.3 mo 9.6 mo Not reached 7.9 mo 13 mo

Abbreviations; NR, not reported; mo, months.
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2.6. Ongoing trials and future directions

Several ongoing trials are testing various types of novel agents in pa-
tients with advanced or recurrent endometrial cancer, however only
Advanced / recu
clear cell carcin

Platinum-base
chemotherap

MMRd

Immunotherapy, clinical trials 
***

Sin
recha
base

lon
Immu

MMRd or MSI-H

1 L

2+ L

Testing for all
molecular subtyp

(including MMR /
testing with IHC

NGS)

*, carboplatin plus paclitaxel is the preferred first line chemotherapy  according to the G
**, very uncommon entity
***, Pembrolizumab or dostarlimab in patients with MMRd/MSI-H; Pembrolizumab plus

Fig. 3. Systematic treatment in advanced / recurrent endometrial cancer.
Abbreviations: IHC, immunohistochemistry; NGS, next generation sequencing; MMRd, mismat
high
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few trials specifically focus on the treatment of clear cell endometrial
carcinoma patients. In order to provide a clear overview on emerging
therapies, we performed a search from the clinicaltrials.gov database
(www.clinicaltrials.gov), on August 2021 [27]. The key word: “clear
rrent
oma

d
y* 

POLE 
mut**NSMP p53 abn

Immunotherapy , clinical
trials***

gle agent chemotherapy, 
llenge combination platin-

d chemotherapy (in case of 
g platinum free intervall)  
notherapy plus TKI, clinical

trials ***

Rechallenge combination platin-
based chemotherapy (in case of 

long platinum free intervall), 
single agent chemotherapy, 

Immunotherapy plus TKI, 
clinical trials ***

MMRp

es
 MSI 
 or 

OG209 study. 

 lenvatinib regardless MMR status

ch repair–deficient; MMRp, mismatch repair–proficient; MSI-H, microsatellite instability–
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Table 2
Ongoing trials on clear cell endometrial carcinoma.

Agents Phase Mechanism of action Participants Primary endopoint Estimated
completion
date

Target therapy
Onapristone,
Anastrozole

II Synthetic and steroidal antiprogestogen with
additional antiglucocorticoid activity, aromatese
inhibitor

77 pts. with advanced or recurrent EC,
including also CCEC

Objective response rate December
2023

AZD6738, + Olaparib II ATR inhibitor and PARP inhibitor 40 pts. with Ovarian cancer and EC, including
also CCEC

Objective response rate March 2023

VSV-hIFNbeta-NIS,
with/without
Ruxolitinib

I Oncolytic vesicular stomatitis virus-human
interferon beta-sodium iodide symporter

77 pts. with advanced or recurrent EC,
including also CCEC

Maximum tolerated dose
of VSV-hIFNbeta-NIS

June 2021

Nintedanib II Triple kinase inhibitor blocking VEGFR, PDGFR and
FGFR

120 pts.; 90 with ovarian clear cell carcinoma
and up to 30 with CCEC

Progression-free survival March 2021

Immunotherapy
Atezolizumab +
Bevacizumab +
Rucaparib

Anti PD1,
Anti-VEGF
PARP ihibitor

30 pts. with advanced or recurrent EC,
including also CCEC

Objective response rate June 2026

Tislelizumab I Anti PD1 20 pts. with advanced or recurrent EC with
MSI high or evidence of LS, including also
CCEC

T-cell receptor (TCR)
profiles, clonality, and
diversity

December
2024

Pembrolizumab +
Lenvatinib

III Anti PD1
TKI

875 pts. with advanced or recurrent EC,
including also CCEC

Progression-free and
overall survivals

September
2024

Atezolizumab +
platinum-based
chemotherapy

III Anti PD1 550 pts. with advanced or recurrent EC,
including also CCEC

Progression-free and
overall survivals

December
2023

Pembrolizumab
(MK-3475)

+ platinum-based
chemotherapy

III Anti PD1 810 pts. with advanced or recurrent EC,
including also CCEC

Progression-free survival June 2023

Atezolizumab +
Bevacizumab

II Anti PD1,
Anti-VEGF

20 pts. with advanced or recurrent EC,
including also CCEC

Objective response rate May 2023

Nivolumab + BMS-
986205

II Anti PD1,
Anti-IDO

50 pts. with advanced or recurrent EC,
including also CCEC

Objective response rate September
2022

Nivolumab +
Cabozantinib

II Anti PD1,
TKI

50 pts. with advanced or recurrent EC,
including also CCEC

Progression-free survival Januray
2022

Pembrolizumab +
Doxorubicin

II Anti PD1,
Chemotherapy

51 pts. with advanced or recurrent EC,
including also CCEC

Progression-free survival June 2021

Nivolumab +
Ipilimumab

II Anti PD1,
Anti-CTLA4

60 pts. with advanced or recurrent EC,
including also CCEC

Objective response rate December
2020

Abbreviations: EC, endometrial cancer; CCEC, Clear cell endometrial carcinoma; pts., patients; PD-1, Programmed cell death protein 1; TKI, Tyrosine Kinase Inhibitors; PARP, Poly (ADP-
ribose) polymerase; MSI, microsatellite instability; LS, Lynch syndrome.
These studies are extracted from Clinical Trial (www.clinicaltrial.gov) on August 30, 2021 [27,28].
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cell endometrial carcinoma” was used to identify the available studies.
Details of these studies are reported in Table 2. Several promising trials
including both endometrioid and non-endometrioid advanced or recur-
rent endometrial cancer are presently ongoing [26,27]. In particular,
several ongoing phase III trials are testing the role of different im-
munotherapy agents (e.g, pembrolizumab, nivolumab with or without
ipilimumab, atezolizumab, and dostarlimab). As reported before, prelim-
inary analyses of the KEYNOTE-755 and GARNET trials showed exciting
results in the treatment of advanced / recurrent endometrial cancer. No
data about the AtTEnd and NCI10104 trial are still available [27]. Testing
patients for programmed death - 1 (PD-1) and PD-ligand 1 (PD-L1)
would be important to identify patients whomight benefit from immune
checkpoint inhibitors [27]. Moreover, no specific data on clear cell endo-
metrial carcinoma are still available. Similarly, no data on the role of var-
ious targeted therapies are mature in this setting. In few cases, ATr,
PIK3CA, DDR, and HER2 would be potential targets in a selected group
of patients. Interestingly, ATr inhibitors (alone or in combination with
PARP inhibitors) are under investigation in patients characterized by
ARId1A loss [17,28,29]. The ATARI trial is going to investigate whether
ceralasertib (AZD6738), an ATr inhibitor, has anti-tumor activity as a sin-
gle agent and in combination with the olaparib, in patients with ARID1A
‘loss’ and ‘no loss’ clear cell carcinomas and other relapsed gynecological
cancers [29]. In the era of precision cancer medicine, further evidence is
warranted in order to provide the best therapeutic options for patients af-
fected by clear cell endometrial carcinoma.
7

3. Conclusions

In the present paper, we summarize the current evidences and fur-
ther perspectives on the management of clear cell endometrial carci-
noma. Clear cell endometrial cancer represents an uncommon disease
entity, with distinct characteristics between endometrioid and other
non-endometrioid uterine cancers. Centralization of clear cell endome-
trial carcinoma cases in a referral center, pathologic review, multidisci-
plinary management, and genomic/molecular analysis are of paramount
importance. According to the molecular classification, POLE mutated,
MMRd, NSMP and p53 abnormal disease accounted for about 4%, 10%,
44%, and 42% of clear cell endometrial carcinoma, respectively. Theoreti-
cally, adjuvant therapy could be omitted in patientswith uterine confined
disease harboring POLE mutation, whereas adjuvant therapy is recom-
mended in patients with NSMP and p53 abnormal disease. Immunother-
apy seems to be the more promising treatment option for patients with
advanced or recurrent clear cell endometrial cancer characterized by
MMRd. In other patients, platinum-based chemotherapy and the combi-
nation of pembrolizumab and lenvatinib would be the preferred treat-
ment modalities, for first and second line, respectively. Ongoing clinical
trials testing the anti-tumor activity of checkpoint inhibitors and targeted
therapywill clarify the better strategies for advanced / recurrent clear cell
endometrial cancer. Moreover, thewide adoption ofmolecular and geno-
mic profiling will be useful in tailoring the most appropriate treatments
modalities for every patient.
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