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Abstract

Five to 10% of patients with stage IA, grade 1 or 2, endometrioid adenocarcinoma subsequently develop locoregional or distant
recurrence. These patients have significantly reduced 5-year survival rates and salvage therapy success rates as low as 40%. The
aim of this review is to highlight knowledge gaps that could further refine the risk categories of endometrial carcinoma (EC) and
guide future randomized trials of adjuvant therapy for low-risk EC. A systematic search of the literature on PubMed and Medline
was conducted using the following search terms: endometrial cancer, endometrial adenocarcinoma, endometrioid adenocarci-
noma, low grade, early stage, stage IA, low risk, locoregional recurrence, and relapse. Relevant primary studies were extracted
and included in this review. Risk factors for recurrence of low-risk EC were epidemiological (age, body mass index, ethnicity),
molecular (DNA MMR, MSI, TP53 mutation and P53 defect, CTNNBI1 mutation, PTEN and POLE mutation, L1CAM expres-
sion), pathological (positive peritoneal cytology, lymphovascular invasion, tumor size), and others like Ki67-percentage, micro-
RNA expression, and hormonal receptor expression. CTNNB1 mutation, LICAM expression, lymphovascular invasion, and
tumor size were identified as significant risk factors for recurrence in low-risk EC. There are subsets of low-risk EC patients at
high risk of recurrence and should be suspected when having the following risk factors: positive molecular markers, large tumor
size, and lymphovascular invasion. A novel scoring system and randomized controlled trials should be conducted to identify
these patients who will benefit most from adjuvant therapy to avoid recurrence.

Keywords Endometrioid endometrial cancer - Low risk - Early stage - Recurrence

Introduction

Every year, around 400,000 new cases of endometrial cancer
are reported worldwide. Not only is it the most common gy-
necological malignancy, but its incidence rates are also
projected to further increase globally [1]. Endometrial cancer
(EC) has traditionally been classified into two major histolog-
ical subtypes since 1983 [2]. The majority of cases are classi-
fied as type I endometrioid EC which has a more favorable
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genetic and prognostic profile. For the purpose of manage-
ment decisions, EC patients are further sub-classified by their
risk of recurrence according to patient age, tumor size, FIGO
staging, histological type and grade, and lymphovascular
space involvement (LVSI) [3, 4].

In early-stage EC, adjuvant radiotherapy has been shown to
reduce locoregional recurrence but does not improve overall
survival [5], while adjuvant systemic therapy may prolong
progression-free survival in patients with LVSI [6]. An ongo-
ing phase I clinical trial is being conducted to assess the effect
of adjuvant chemotherapy in early-stage node-negative EC
(NCTO01244789) [7]. Other studies have shown a trend to-
wards improved survival with combination adjuvant chemo-
radiotherapy in early-stage EC [8, 9]. However, there is cur-
rently insufficient evidence to include adjuvant therapy in the
management strategy of patients at low risk of recurrence
(stage 1A, grade 1 or 2, endometrioid adenocarcinoma) [10].
Despite being considered at low risk for disease relapse, 5—
10% of these patients subsequently develop locoregional or
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distant recurrence. Unfortunately, these patients have signifi-
cantly reduced 5-year survival rates and salvage therapy suc-
cess rates as low as 40% [11-14]. Future risk stratification
systems should be expanded to identify that particular subset
of susceptible patients.

We are conducting this narrative review of the literature to
identify risk factors for locoregional and/or distant recurrence
after treatment of low-risk EC. The aim of this review is to
highlight knowledge gaps that could further refine the risk
categories of EC and guide future randomized trials of adju-
vant therapy for low-risk EC.

Methods

A systematic search of the literature on PubMed and Medline
was conducted using the following search terms: endometrial
cancer, endometrial adenocarcinoma, endometrioid adenocar-
cinoma, low grade, early stage, stage IA, low risk, locoregional
neoplasm recurrence, recur, and relapse. The detailed search
strategy is shown in Fig. 1. A hand search of the literature and
all related citations was also carried out. All relevant primary
studies were retrieved, including studies that utilized fertility-
sparing treatments as their primary intervention, and their data
were extracted to be included in this review. Studies that did
not include low-risk patients or did not perform a separate
subgroup analysis were excluded from this review.

Results

All authors participated in the screening process. We identi-
fied 1171 potential studies. Twenty-three studies [15-37]
were included in this review. Figure 2 illustrates our study

selection process. These studies included the data of 451 re-
current cases of EC. Three of the studies did not report their
number of recurrences. The most common site of recurrence
was vaginal cuff (N = 83) and the reported median time to
recurrence ranged from 13 to 80 months.

Epidemiological Factors
Age

Twelve studies [15-26] examined the role of age as a predic-
tor for risk of recurrence after treatment of low-risk EC. Only
3 studies could establish age as a statistically significant pre-
dictor of recurrence [15, 18, 24]. Stasenko et al. conducted a
case-control study that compared the median age of both the
recurrence and control groups (65 vs 57.5 years); the recur-
rence group was found to have a statistically significant higher
median age (P = 0.025). Wang et al. studied the rate of recur-
rence of low-risk EC in 30 young premenopausal women who
received fertility-sparing treatment. The median age was sig-
nificantly higher in the recurrent cohort as compared to the
non-recurrent cohort (34 vs 30 years; P = 0.003). A retrospec-
tive cohort by Yoney et al. showed that age over 60 was
associated with statistically significant worse disease-free sur-
vival (DFS) (P = 0.021). The remaining nine studies failed to
establish a statistical significance of age as a risk predictor for
recurrence in low-risk EC. However, 3 studies found that age
was significantly associated with worse overall survival [16,
22, 24]. Kim et al. narrowly achieved statistical significance
with a hazard ratio (HR) of 1.04 (95% CI, 1.00-1.08). The
retrospective cohort by Ayhan et al. estimated a HR of 3.13
(95% CI, 1.14-8.63). Statistical significance was also
achieved by Yoney et al. (P = 0.022). The details of all 12
studies are summarized in Table 1.

Fig. 1 Database search strategy Search number Query

5 #3 AND #4

4 #1 AND #2

3 ((locoregional neoplasm recurrence[MeSH Terms]) OR (recur*[Title/Abstract])) OR
(relapse[ Title/Abstract])

2 (((low grade[Title/Abstract]) OR (early stage[Title/Abstract])) OR (stage IA[Title/Abstract]))
OR (low risk[Title/Abstract])

1 (((endometrial cancer[MeSH Terms]) OR (endometrial cancer|[Title/Abstract])) OR
(endometrial adenocarcinoma(Title/Abstract])) OR (endometrioid
adenocarcinoma(Title/Abstract])
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Fig. 2 Prisma flow diagram

1166 Studies identified
through database searching

\‘.

N\ 4 N\

5 additional studies
identified through other

Body Mass Index

Seven studies [15, 18-20, 23, 27, 28] discussed body
mass index (BMI) as a risk factor for recurrence. Two
studies [20, 28] reported BMI as a statistically significant
risk factor for recurrence. Both studies were retrospective
cohorts of patients who received fertility-sparing treat-
ment for low-risk EC. They both found a BMI > 25 kg/
m? to be significantly more common in cases that
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experienced recurrence (P = 0.033). Park et al. used a
multivariate analysis to determine the odds ratio (OR)
for recurrence with BMI > 25 kg/m2 (OR = 2.14; 95%
CI, 1.06-4.31). Stasenko et al. demonstrated a different
pattern where patients with recurrence had a lower median
BMI than patients without recurrence (27.6 kg/m? vs 31.2
kg/m?) [15]. This result was statistically significant (P <
0.001). No studies examined the effect of BMI on surviv-
al. The details of all 7 studies are summarized in Table 1.
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Ethnicity

A single case-control study discussed ethnicity as a risk factor
for recurrence after treatment of low-risk EC [15]. Out of 14
patients with recurrence, 79% were White, 14% did not spec-
ify, 7% were Hispanic, and none was African American or
Asian. Patients without recurrence were 83% White, 8%
Asian, 4% African American, 3% did not specify, and 0.2%
Hispanic. These differences were statistically significant (P <
0.001).

Molecular Factors
DNA Mismatch Repair Status and Microsatellite Instability

Three studies [15, 16, 29] discussed DNA mismatch repair
(MMR) and microsatellite instability (MSI) as a risk factor
for recurrence of low-risk EC. According to Stasenko et al.,
211/486 (43%) of the patients had a DNA MMR immunohis-
tochemistry analysis performed [15]. DNA MMR deficiency
was compared in both the recurrence and control groups (22%
vs 11%). The difference between both groups was not statis-
tically significant (P = 0.21). They demonstrated that 24
(45%) of MMR-deficient EC were due to MLH1 hypermethy-
lation. Kim et al. demonstrated a statistical significance in
progression-free survival for DNA MMR-deficient tumors,
with a hazard ratio (HR) of 2.69 (95% CI, 1.06-6.82) [16].
However, overall survival was not statically significant with a
hazard ratio (HR) of 1.23 (95% CI, 0.49-3.10). MLH1 defi-
ciency, mainly due to hypermethylation, accounted for 78% of
cases. In both previous studies, after genetic testing, Lynch
syndrome was found to account for 19% and 34% of MMR-
deficient tumors respectively. Moroney et al. compared fre-
quency of MSI-H in both the recurrence and control groups
(53% vs 21%), and the difference was statistically significant
with odds ratio (OR) 4.4 (95% CI, 1.1-17.0) [29]. The details
of these 3 studies are summarized in Table 2.

TP53 Mutation and P53 Defect

Stasenko et al. and Moroney et al. discussed TP53 mutation
and P53 defect as a predictor for recurrence in low-risk EC
[15, 29]. They both compared TP53 mutation in the recur-
rence and control groups (22% vs 11%) and (7% vs 14%),
respectively. Neither study achieved statistical significance (P
= (0.58) and (P = 0.65), respectively. The details of these 2
studies are summarized in Table 2.

Catenin Beta 1 (CTNNB1) Mutation
Three studies [15, 29, 30] discussed CTNNB1 mutation as a

predictor for recurrence after low-risk EC. Moroney et al.
compared frequency of CTNNBI1 mutation in both the

@ Springer

recurrence and control groups (60% vs 28%); the difference
was statistically significant with odds ratio (OR) 3.9 (95% CI,
1.1-14.70). Similarly, Costigan et al. compared the frequency
of recurrence in tumors with CTNNB1 mutations and a con-
trol group (30% vs 0%), and the difference was statistically
significant (P = 0.003). On the other hand, Stasenko et al.
compared frequency of CTNNBI mutation in both the recur-
rence and control groups (44% vs 30%), and the difference
between both groups was not statistically significant (P =
0.44). The details of these 3 studies are summarized in
Table 2.

PTEN and POLE Mutation

Two studies [15, 29] reported the incidence of PTEN and
POLE mutations in patients with recurrence after treatment
of low-risk EC. Stasenko et al. compared the frequency of
PTEN mutation in both the recurrence and control groups
(100% vs 63%); the difference between both groups was sta-
tistically significant (P = 0.04). However, when comparing the
frequency of POLE mutation frequency in both the recurrence
and control groups (11% vs 19%), the difference was not
statistically significant (P = 1.00). Moroney et al. compared
the frequency of the PTEN mutation in both the recurrence
and control groups (80% vs 86%); however, the difference
was not statistically significant (P = 0.68). They also com-
pared the frequency of the POLE mutation in both the recur-
rence and control groups (0% vs 7%); the difference was not
statistically significant (P = 0.54). The details of these 2 stud-
ies are summarized in Table 2.

L1 Cell Adhesion Molecule (L1CAM) Expression

Two studies [26, 31] analyzed the value of immunohisto-
chemical L1CAM positivity to predict clinical outcomes.
Kommos et al. reported a 5-year overall survival rate of
63.8% for patients with LICAM and 95.3% for patients with-
out LICAM expression. This difference was statistically sig-
nificant (P < 0.0001). The 5-year disease-free period was also
calculated for patients with L1ICAM versus patients with no
L1CAM expression (71.8% vs 100%; P <0.0001). Zeimet
et al. studied 657 patients with low-grade EC. They compared
frequency of LICAM expression in both the recurrence and
control groups, and the difference was statistically significant
with a hazard ratio (HR) 14.65. Also, overall survival was
statically significant with a hazard ratio (HR) 10.49. Both
studies showed that LICAM is a significant prognostic indi-
cator for overall survival.

Pathological Factors

Histopathological variables have always been taken into con-
sideration in risk stratification systems for EC. We looked at 3
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Survival

Treatment Recurrence

Study design
modality

Authors

Table 2 (continued)

Molecular
marker

@ Springer

S-year
DSS

Median time to  5-year OS

recurrence

Site of recurrence

P-

No. of recurrences /  Point estimate

No.

value

(95% CI)

of low-risk patients

1 lung

N/A N/A

48 months

8 vaginal cuff

Frequency 0% versus 7% 0.54

TH 15/44

Case control

Moroney MR

4 para-aortic lymph

et al.

nodes
3 pelvic lymph nodes

N/A  N/A

71.8 vs. 100

63.8 vs. 95.3

N/A

N/A

N/A /250

N/A

Retrospective

Positive LICAM Kommoss F

G
N/A

%o*
HR 10.49

cohort

Zeimet AG et al. Retrospective

et al.

5.3 years

N/A  NA

HR 14.65

46 /657

TH-BSO

cohort

Total

Total hysterectomy, TH-BSO =

Risk ratio, TH =

Overall survival, RR =

Hazard ratio, OR = Odds ratio, OS =

Disease specific survival, HR =

Abbreviations: CI = Confidence interval, DSS

hysterectomy with bilateral salpingo-oophorectomy

*=p < 0.0001

of those variables to determine whether the same conclusions
can be drawn for low-risk EC.

Peritoneal Cytology

Two studies analyzed positive peritoneal cytology as a risk
predictor for recurrence [15, 32]. Matsuo et al., in a retrograde
study of 1124 patients with low-grade EC, showed that posi-
tive peritoneal cytology is associated with decreased disease-
free survival with a HR of 3.21 (95% CI 1.36-7.60; P =
0.005). They also estimated a HR for distant recurrence of
7.46 (95% CI 2.28-24.4; P < 0.001), but there was no signif-
icant association between local recurrence and positive peri-
toneal cytology (HR 1.74, 95% CI 0.50-6.01; P = 0.38).
Stasenko et al. found that 7% of patients with recurrence had
a positive peritoneal cytology compared to 4% of patients with
no recurrence (P = 0.852). The details of these 2 studies are
summarized in Table 3.

Lymphovascular Space Invasion

Nine studies [16, 21-25, 33-35] discussed lymphovascular
space invasion (LVSI) as a risk factor for recurrence in pa-
tients with low-risk EC. Six studies [16, 21, 23, 24, 33, 34]
demonstrated statistical significance for LVSI as a risk for
recurrence. Kim et al., in a retrograde study of 475 patients,
concluded that the HR for a worse progression-free survival
(PFS) for patients with positive LVSI was 4.11 (95% CI,
1.35-12.48; P = 0.01). However, the HR for a worse overall
survival (OS) with positive LVSI was 1.32 (95% CI, 0.35—
4.93). Ureyen et al. reported a worse 5-year disease-free sur-
vival (DFS) in patients with positive LVSI compared to pa-
tients with negative LVSI (80.1% vs 96.8%; P < 0.001).
However, their multivariate analysis revealed that the OR for
recurrence was 1.209 (P = 0.879). Gitte Ortoft et al. and
Glingordiik et al. reported HR of 2.4 (95% CI 1.3-4.3, P <
0.05) and an OR of 5.8 (95% CI 2.0-16.9, P = 0.001) for
recurrence in patients with positive LVSI, respectively. Dos
Reis et al. reported HR of 3.98 for reduced recurrence-free
survival (RFS) (95% CI 1.64-9.63, P = 0.002). Their HR
for reduced 5-year OS was 4.78 (95% CI, 1.38-16.5).
Lastly, Yoney et al. reported worse DFS in patients with pos-
itive LVSI (P=10.011) and reduced 5-year OS (P = 0.009). On
the other hand, Han et al. and Bendifallah et al. showed no
statistical significance for LVSI as a risk factor for recurrence
in low-risk EC patients. They reported hazard ratios of 0.960
(P=0.961) and 1.05 (P = 0.9952) for reduced 5-year RFS in
patients with positive LVSI, respectively. Ayhan et al. record-
ed a worse 5-year PFS in patients with positive LVSI (85.5%
vs 97%, P < 0.001) on univariate analysis. The calculated HR
for worse 5-year PFS on multivariate analysis was not statis-
tically significant (HR = 0.29; 95% CI, 0.07-1.2). They also
demonstrated that the HR for worse 5-year OS was 6.68 (95%
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% = CI, 1.60-27.89) for patients with positive LVSI. The details of
ég %: % % all 9 studies are summarized in Table 3.
=) o =
-4 .
% ‘Ql”f Tumor Size
- | 8 g
£ 2 '% ? Six studies [17, 21-23, 25, 36] discussed tumor size as a
m% E‘ § % % predictor for recurrence in low-risk EC patients. Two studies
2 g 2 [21, 36] used a tumor size cutoff of > 35 mm. Among those
g . g E two studies, only Canlorbe et al. reported a statistically signif-
b B § icant difference; tumor size > 35 mm was associated with
% % < % g lower RES (P = 0.005). A retrospective cohort by Sozzi
= & z §=~ 3] et al. used a tumor size cutoff of > 25 mm and accordingly
g » S‘E estimated a HR for local recurrence of 18.7 (95% CI 2.4—
2 : E|lg= 140.3; P = 0.004). Out of four studies [22, 23, 25, 36] that
8 E =B |25 used a tumor size cutoff of > 20 mm, only Giingordiik et al.
E ?% § _g; g could establish a statistical significance of that cutoff in their
& 225 | 2 5 case-control study. They estimated an OR for recurrence of
§~ '§ 6.6 (95% CI 2.7-15.8; P <0.001) for patients with tumor size
;:: < 5’% > 20 mm. Two studies [21, 22] conducted survival analysis
i § % g using tumor size. Both did not achieve statistical significance.
;’, 2 Ureyen et al. reported 5-year DSS for tumor size > 35 mm vs <
g 8 35 mm (96.6% vs 100%; P = 0.102). Ayhan et al. reported 5-
o~ % E g year OS for tumor size > 20 mm vs < 20 mm (97.4% vs
3 = § by 98.7%; P = 0.723). The details of these 6 studies are summa-
5 T = . .
% 8 % % rized in Table 3.
5 g& !
£ % g Té’ % Other Risk Predictors
- 34 | 2%
EEE E < 2 § Ki67 as a Marker of Cellular Proliferation
838 2
3 o2 g
£ —é ; s ‘:?3 Two studies [18, 37] discussed Ki67 as a predictor for recur-
g % E % é % rence after EC. Jiang et al. deduced that the optimal predictive
g 5 3 :2) = T g cutoff value for Ki67 is 38%. They compared the 3-year RFS
§ g % g E 2 E» go for both the recurrence and control groups (72.6% vs 98.7%).
= E % The difference between both groups was statistically signifi-
% E %% cant (P < 0.001). Wang et al. conducted a retrospective study
i f = of 30 patients with low-risk EC receiving fertility-sparing
é 5 & E 4;3 treatment. They compared the median percentage of Ki67 in
§ 2 % il g both the recurrence and control groups (12.50% vs 13.75%);
E E A § %‘ however, the difference was not statistically significant ((IID =
h o5 0.426). The details of these 2 studies are summarized in
gﬂ ;2: Ecﬁ: é Table 4.
s 22 | E52
'§ % E % “DED ;_%’ Micro-RNA Expression
7] &~ g E 0
= é’ - % De Foucher et al. [27] studied micro-RNA expression levels
v g é é E as a predictive factor for local and distant recurrence in low-
9| £ ] s risk EC. Micro-RNA-184 fold change (FC) <0.083 is respon-
R A Lw) = g sible for telomerase maintenance and DNA replication.
;5; eh- § é F; % Micro-RNA-497 5p FC <0.45 and micro-RNA-195 5p FC
- | 25 e % g ;Zi <0.58 are responsible for PD kin'ase signaling pathway, can-
= ;f § ) 5 cer, and cell cycle checkpoint. Micro-RNA-196 3p FC <0.56
£S5 & 282 correlates with endometrial cancer and MAPK/cdk5. The
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expression of these micro-RNA was lower in recurrence com-
pared to the control group. This difference was statistically
significant: P = 0.016, P = 0.025, P = 0.025, P = 0.001,
respectively.

Hormonal Receptors

Wang et al. [18] examined the expression of estrogen and
progesterone receptors as a risk factor for recurrence in low-
risk EC patients undergoing fertility preservation treatment.
Both the recurrence and control groups were compared as
regards estrogen- and progesterone-receptor expression. No
statistical significance was observed (P = 0.379; P=0.472,
respectively).

Discussion

Previous research has examined recurrence patterns following
all stages of endometrial cancer in correlation with multiple
individual- and disease-related variables [38—44]. However,
these studies included heterogeneous populations and catego-
rized endometrial cancer patients in varying risk groups. We
utilized these studies to guide our selection of various poten-
tial risk factors, specifically, for recurrence after low-risk EC.
These patients have significantly reduced 5-year survival rates
and salvage therapy success rates as low as 40% [11-14].

Twelve studies [15-26] discussed age as a risk predictor for
recurrence; only three studies [15, 18, 24] could achieve sta-
tistical significance. One of those studies recruited a small
cohort of young patients receiving fertility-sparing treatment
[18]. Similarly, only three studies [16, 22, 24] established age
as a poor prognostic factor for survival. Yoney et al. [24] did
not report their measure of survival. Hence, data available so
far regarding age does not support the addition of age into a
new risk classification system for low-risk EC. Similarly, BMI
could only be established as a statistically significant risk pre-
dictor in two [20, 28] out of seven [15, 18-20, 23, 27, 28]
studies. Both studies were performed on young patients re-
ceiving fertility-preserving treatment, and they both used a
BMI cutoff of 25 kg/m?. In fact, another study by Stasenko
et al. [15] contradicted the previous findings and found a
higher median BMI among patients without recurrence.
Larger well-designed cohort studies are needed to highlight
the role of BMI as a potential risk predictor. Ethnic differences
were only reported in a single case-control study [15]. Only
fourteen patients had recurrences. In addition, some patients
did not report their ethnicities. There is insufficient data to
determine the possible role of ethnicity.

The Cancer Genome Atlas (TCGA) study has fueled in-
tense research of molecular prognostication of EC [45]. The
molecular framework devised, which originally defined 4 ge-
nomic subtypes, is continuously being modified by data from

@ Springer

clinical trials to become more comprehensive of the most im-
portant molecular alterations in EC [46—49]. Accordingly, the
choice of adjuvant therapy will take into account molecular
risk profiles [50]. The ongoing PORTEC-4a trial reflects the
paradigm shift in adopting molecular profiling in the develop-
ment of newer risk-stratification systems [51]. Unfortunately,
the role of molecular profiling in low-risk endometrial cancer
is still unclear. We included 6 studies that examined the po-
tential role of some of these molecular markers in low-risk EC
[15, 16, 26, 29-31]. The results reported in these studies are
consistent with findings from other studies that included a
broader patient population with several risk groups [52-56].
Several genetic mutations were studied as possible
markers: MMR status, TP53, CTNNB1, PTEN, POLE, and
LICAM. MMR status and MSI could be useful as a risk
predicator for recurrence and survival, as Kim et al. [16] and
Moroney et al. [29] have demonstrated a statistically signifi-
cant difference between the recurrence and control groups.
However, Stasenko et al. [15] have failed to show a statistical
difference between both groups. This could be attributed to
the small sample size. Out of the 14 recurrences reported by
Stasenko et al., only 5 had their MMR immunohistochemistry
status recorded. Further studies are needed to solidify the role
of MMR and MSI as risk predictors. TP53 mutation as a risk
predictor for recurrence of low-grade EC was discussed by
two studies [15, 29], but neither study achieved statistical
significance of TP53 mutation as a risk for recurrence or re-
duced survival. This might be attributed to their low sample
size. Further studies should be designed to include a larger
number of patients to establish a more definite role for TP53
mutation. CTTNB1 mutation could be a useful predictor of
recurrence, as Moroney et al. [29] and Costigan et al. [30]
have demonstrated a statistically significant difference be-
tween the recurrence and control groups. However, Stasenko
et al. results failed to show a similar pattern. This, however,
could be attributed to their small sample size, as only nine
samples underwent molecular testing. Overall, CTTNBI is a
promising molecular marker that could be used to identify
women with low-risk EC at risk for recurrence. PTEN and
POLE mutations as a risk predictor for recurrence of low-
risk EC were reported by two studies [15, 29]. Both studies
showed that there was no statistically significant difference
between the recurrence and control groups regarding POLE
mutation. However, only Stasenko et al. [15] could demon-
strate a statistical significant difference regarding PTEN mu-
tation. Both studies were limited by their small sample sizes of
9 and 15. Further larger cohorts are needed to highlight the
role of PTEN and POLE mutations as risk predictors.
L1CAM expression has been shown to be a statistically
significant predictor of recurrence by Kommos et al. [26]
and Zeimet et al. [31]. Both studies have also shown that
L1CAM expression is a significant prognostic indicator for
overall survival. LICAM is a promising molecular marker
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for both recurrence and overall survival and might have a role
in a new risk classification system.

Other markers like Ki67, micro-RNA expression, and hor-
mone receptor expression were studied as prognostic factors
for recurrence. Two studies [18, 37] assessed Ki67 percentage
and risk of recurrence. Jiang et al. [37] found that there is a
statistically significant reduction of 3-year RFS, whereas
Wang et al. [18] showed statistically insignificant difference
of Ki67 percentage between both groups, recurrent and non-
recurrent cases. Wang et al. recruited 30 patients with low-
grade EC who received fertility-sparing treatment. Recurrence
in this study could be more attributed to the nature of fertility-
sparing treatment. More well-structured studies are required to
shed light on the optimal cutoff value for Ki67 percentage to
predict EC. Micro-RNA expression was only reported in a
single case-control study recruiting 21 patients who
underwent TH-BSO [27]. They found that various micro-
RNA expressions were lower in cases with recurrence com-
pared to patients with no recurrence. However, there is insuf-
ficient data to provide evidence that micro-MRNA expression
could be used as a prognostic tool for EC patients. A single
study, Wang et al. [18] reported estrogen and progesterone
receptors as risk factors for recurrence in 30 young women
who received fertility-sparing treatment. Further research is
needed to correlate hormonal receptor expression and risk of
recurrence, as they found that there was no difference in hor-
monal receptor expression in patients with and without
recurrence.

Pathological criteria like positive peritoneal cytology,
lymphovascular invasion, and various cutoffs of tumor size
were vastly studied and showed the most consistent interpre-
tations. Of the two studies [15, 32] discussing the relationship
of peritoneal cytology to recurrence, only Matsuo et al. [32]
reported a statistically significant reduction of disease-free
survival in cases with positive peritoneal cytology. They also
showed a statistically significant relationship between positive
peritoneal cytology and distant recurrence as opposed to local
recurrence. The study’s strength lies in the large sample size.
However, both studies have their limitations. Matsuo et al.
failed to report the number of recurrences in their study, while
Stasenko et al. reported a recurrence rate of only 2.9%. Further
research is needed to further elucidate the significance of peri-
toneal cytology as a prognostic factor to guide adjuvant ther-
apy. LVSI is one of the widely studied prognosticators and is
promising to predict recurrence in this subset of patient with
low-risk EC. Six studies [16, 21,23, 24, 33, 34] reported LVSI
as statistically significant risk factor for recurrence. The re-
maining 3 studies [22, 25, 35] had varying limitations. In the
study by Ayhan et al. [22], patients with a positive LVSI status
were more likely to receive adjuvant therapy; this may have
affected the true recurrence rates of the subgroup.
Furthermore, a high proportion of the patients underwent pel-
vic and para-aortic lymphadenectomy offsetting the effect of

@ Springer

LVSI. Bendifallah et al. [35] attributed the lack of statistical
significance regarding LVSI in their study to the low inci-
dence of LVSI in the low-risk subgroup of patients. Six stud-
ies assessed the association between tumor size and risk of
recurrence. Canlorbe et al. [36], Sozzi et al. [17], and
Gilingordiik et al. [23] reported various cutoffs of tumor size
as a statistically significant predictor of recurrence. A different
tumor size cutoff was used by each of the 3 studies. Thus,
further research is needed to identify the optimal tumor size
cutoff indicating the strongest association between tumor size
and recurrence. It is worth noting that two studies [21, 22] that
reported tumor size as statistically non-significant in cases of
recurrence, were based on univariate analysis. Additionally,
Han et al. [25] and Ureyen et al. [21] must be interpreted in
light of the fact that both studies respectively included 4.7%
and 5.7% of all patients with stage IA grade 3 EC.

One main strength of the current review lies in its novelty,
as it is the first review to collect all studies including this
subset of low-risk EC patients who are at high risk of recur-
rence and reduced survival. Some limitations are also present.
We included studies that included radical surgical treatment,
adjuvant therapy, and conservative fertility-sparing manage-
ment. There was a variation of outcomes between patients
who received different types of treatment. Patients who re-
ceived conservative management represent a unique subset
of patients with low-risk EC. The differences may be
accounted for by the younger age, different tumor biology,
hormonal receptor expression, and possible differing molecu-
lar alterations [57]. In addition, a minority of studies in the
current review included either G3 or stage IB as low-risk EC
patients. Also, studies from different countries stratified pa-
tients according to different guidelines and there was variabil-
ity in regional guidelines for interventions.

Conclusion

There are subsets of low-risk EC patients at high risk of re-
currence and should be suspected when having the following
risk factors: positive molecular markers, large tumor size, and
lymphovascular invasion. A novel scoring system and ran-
domized controlled trials should be conducted to identify
these patients who will benefit most from adjuvant therapy
to avoid recurrence.
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