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Abstract
Purpose  Fertility-preserving treatment (FPT) has been widely used for young patients with early stage endometrial cancer 
(EC). However, the literature on the effectiveness and safety of FPT remains controversial. The aim of this study was to 
investigate malignant transformation in EC after FPT by immunohistochemistry (IHC).
Methods  A retrospective analysis of pre- and post-treatment biopsy specimens from 24 patients with grade 1 endometrioid 
adenocarcinoma (EAC) or complex atypical hyperplasia (CAH) was performed. The expression levels of ARID1A, PTEN, 
and β-catenin were assessed by IHC.
Results  The protein expression levels of ARID1A, PTEN, and β-catenin were not significantly different between pre- and 
post-treatment specimens. However, there was a significant difference between pre-treatment and normal specimens as well 
as between post-treatment and normal specimens. The protein expression of β-catenin was significantly increased in patients 
with progression compared with those without progression after FPT.
Conclusion  The morphologic normalization of patients with EC after FPT may not be accompanied by the absence of 
tumor malignancy, and β-catenin may serve as a biomarker for the response to FPT. These results may contribute to a bet-
ter understanding of the malignant transformation of EC after FPT and the optimization of treatment strategies for young 
patients with birth plans.
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Introduction

Endometrial cancer (EC) is the most common cancer of 
the female genital tract, accounting for 3.6% of all new 
cancer cases and 1.8% of all cancer deaths in America 
in 2017 [1]. Although EC is typically experienced by 

postmenopausal women, 5–10% of women diagnosed 
with EC are under the age of 40 [2]. Complex atypical 
hyperplasia (CAH) is thought to be a precursor of EC; 
approximately, 25% of cases with CAH will progress to 
EC if left untreated [3]. The current standard of treatment 
for patients diagnosed with grade 1 EC is total hysterec-
tomy with bilateral salpingo-oophorectomy. However, for 
patients at reproductive age with the desire to preserve 
fertility, especially nulliparous patients, fertility-preserv-
ing treatment (FPT) may be considered [4–7]. According 
to the guidelines of the National Comprehensive Cancer 
Network (NCCN) and European Society of Gynecological 
Oncology (ESGO), FPT should be restricted to patients 
with FIGO stage IA, well-differentiated endometrioid 
adenocarcinoma (EAC), and no evidence of myometrial 
invasion [8, 9]. Although FPT for EC has been widely 
used in recent years, there is a lack of agreement between 
studies on the effectiveness and safety of FPT [10, 11]. 
There is still the risk of disease progression and recurrence 
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even though the uterine morphology shows a normal endo-
metrium (NE) after FPT. A meta-analysis study revealed 
that FPT for EC could achieve a pooled regression rate of 
76.2% and a relapse rate of 40.6% [12].

Various studies have demonstrated that the progression of 
EC is accompanied by various molecular changes [13–15]. 
For example, the loss of phosphatase and tensin homolog 
(PTEN), a tumor suppressor that negatively regulates the 
PI3K-AKT signaling pathway, is greater in women with EC 
compared with those with benign endometrial hyperplasia or 
an NE [13, 16]. A study has reported that cytoplasmic PTEN 
protein loss was significantly higher in endometrioid tumors 
(75%) than in non-endometrioid tumors (43%) [17]. AT-rich 
interactive domain-containing protein 1 A (ARID1A) is a 
recently identified tumor suppressor that is involved in the 
regulation of cellular differentiation, tissue development, 
and DNA repair through the SWI/SNF complex [18]. The 
nuclear loss of ARID1A has been detected in 19–44% cases 
of EC [18, 19]. Several studies have demonstrated that 
β-catenin, a protein encoded by the CTNNB1 gene, plays a 
critical role in cell–cell adhesion and is a constituent of the 
Wnt pathway [20]. The nuclear accumulation of β-catenin is 
a characteristic of EC [21, 22]. Saegusa et al. reported that 
29% of grade 1 EC cases had a positive nuclear expression 
of β-catenin; in contrast, no expression was detected in the 
NE [22].

The objective of this study was to examine molecular 
changes in sequential biopsies obtained before and after FPT 
from 24 patients diagnosed with grade 1 EC or CAH through 
immunohistochemistry (IHC). The results could shed light 

on the malignant changes concealed by morphological alter-
ations in these patients.

Materials and methods

Patient selection

This study was approved by the Institutional Ethics 
Committee of West China Second University Hospital. 
Between 2008 and 2016, 24 patients with grade 1 EAC 
and CAH underwent FPT; pre- and post-treatment forma-
lin-fixed, paraffin-embedded tissues were retrospectively 
identified (Fig. 1). The sample set included 17 patients 
with grade 1 EAC and seven patients with CAH, and 24 
individuals with an NE in the proliferative phase served 
as the control group. At the time of diagnosis, all pathol-
ogy slices from the endometrial biopsy were assessed by 
two experienced pathologists specializing in gynecologic 
oncology at our institution. The diagnostic criteria for 
CAH included the presence of nuclei that are stratified 
with the loss of polarity, nuclei that are enlarged and 
rounded with irregular shapes, nuclei with the coarsen-
ing of chromatin creating a vesicular appearance, nuclei 
with prominent nucleoli, nuclei with mitotic activity (var-
iable), a cytoplasm with eosinophilia (diffuse or focal), 
and a markedly increased gland/stroma ratio. The diag-
nostic criteria for grade 1 EAC included a confluent glan-
dular pattern in which individual glands (uninterrupted 
by the stroma) merge and create a cribriform pattern, an 

Fig. 1   Study design. EC endo-
metrial cancer, CAH complex 
atypical hyperplasia, NE normal 
endometrium, OC ovarian can-
cer, G1 well differentiated
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extensive papillary pattern, and an irregular infiltration 
of glands associated with an altered fibroblastic stroma 
(desmoplastic response) in accordance with the 1994 
World Health Organization (WHO) classification. All 
the biopsies were available for repeated sampling, and 
the last retrieved biopsy specimens were used to evaluate 
the therapeutic effect after FPT. Disease regression was 
defined as changes from EC to CAH/NE or from CAH to 
NE. Disease progression was defined when there was no 
evidence of disease regression. Recurrence was defined 
as the presence of EC or CAH during follow-up after an 
endometrial sample indicated an NE at the end of FPT. 
Disagreements between the pathologists were resolved 
by consensus.

IHC and evaluation

IHC for PTEN, ARID1A, and β-catenin was performed 
as described previously [22, 23]. EC, CAH, and NE 
paraffin sections (4 µm) were de-waxed in xylene and 
ethanol, rehydrated in phosphate-buffered saline (PBS), 
and treated for 10 min with 3% hydrogen peroxide in 
methanol to block endogenous peroxidase activity. Anti-
gen retrieval was performed by incubating the sections 
in 10 mM citric acid (pH 6.0) at 121 °C for 15 min. The 
sections were blocked with 10% normal goat serum and 
incubated overnight at 4 °C with anti-PTEN antibody 
(1:100; Novusbio, Centennial, CO, USA), anti-ARID1A 
antibody (1:1000; Abcam, Cambridge, MA, USA), and 
anti-β-catenin antibody (1:500; Abcam, Cambridge, MA, 
USA). After washing with PBS, the sections were incu-
bated with biotinylated rabbit anti-goat immunoglobulin 
antibody (ZSGB-Bio Ltd., Beijing, China), and the reac-
tion products were visualized by staining with diamin-
obenzidine (Dako Ltd., Glostrup, Denmark) followed by 
counterstaining with hematoxylin.

The slides were scored independently by two investi-
gators (L.L. and T.H.) without knowledge of the clinical 
data. The immunoreactivity was scored semi-quantitatively 
by considering the percentage and intensity of the stained 
tumor cells as previously described [24, 25]. The histo-
logical score (H-score) was obtained using the following 
formula: 

In all cases, NE or stromal cells served as the internal posi-
tive control. Disagreements were resolved by consensus.

H-score = 1 × (% light staining)

+ 2 × (% moderate staining)

+ 3 × (% strong staining).

Statistical analysis

The statistical significance of IHC results was evaluated by 
paired t test. All statistical analyses were performed using 
SPSS version 21.0.

Results

Clinical characteristics of patients

A total of 24 patients with initial biopsy results indicating EC 
(17) or CAH (7) were enrolled; the study design is outlined 
in Fig. 1. The mean age at diagnosis was 29.3 ± 3.6 years, 
and the mean body mass index (BMI) was 22.4 ± 3.7. They 
were treated with medications including megestrol acetate, 
medroxyprogesterone acetate, goserelin acetate, dydroges-
terone, and levonorgestrel. The treatment duration ranged 
from 3 to 24 months with a mean of 6.5 ± 4.6 months. The 
follow-up was conducted using biopsy specimens, and the 
duration ranged from 8 months to 81 months with a mean of 
38.8 ± 26.7 months. After FPT, 19 patients (79.2%) showed 
disease regression, of whom eight patients (44.4%) relapsed 
during follow-up in this study. The other 11 patients with 
remission attempted to conceive; seven patients (63.6%) 
achieved pregnancy, and five patients (45.5%) gave birth to 
a healthy child. The characteristics of all 24 patients are 
summarized in Table 1.

Protein expression changes in patients after FPT

IHC analysis of ARID1A, PTEN, and β-catenin antibod-
ies was performed for all specimens, and the results were 
evaluated using the H-score (Fig. 2). For ARID1A and 
β-catenin, their nuclear expression was regarded as posi-
tive. For PTEN, its cytoplasmic expression was regarded 
as positive. Paired t test showed that there were no signifi-
cant differences between pre- and post-treatment specimens 
in the expression levels of ARID1A, PTEN, and β-catenin 
(p = 0.053, 0.503, and 0.434, respectively). Moreover, the 
expression levels of ARID1A and PTEN in NE specimens 
were significantly higher than in pre- and post-treatment 
specimens with p values of < 0.01. The expression level of 
β-catenin was markedly decreased in NE specimens com-
pared with pre- and post-treatment specimens (p = 0.038 and 
0.028, respectively). The H-score results of IHC analysis are 
shown in Fig. 3a–c.

Association of protein expression with disease 
progression and disease recurrence

To investigate the potential of ARID1A, PTEN, and 
β-catenin in predicting disease progression or recurrence, 
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all patients were divided into the “progression” and “no 
progression” groups as well as the “recurrence” and “no 
recurrence” groups. IHC results revealed no substantial 
differences between the expression levels of the three 
proteins and disease progression before FPT (Fig. 4a). 

However, the nuclear expression level of β-catenin was 
significantly increased in the “progression” group com-
pared with the “no progression” group (p = 0.028) after 
FPT (Fig. 4b, e, f). The expression levels of ARID1A 
and PTEN were not significantly associated with disease 

Fig. 2   IHC results of pre-FPT, post-FPT, and NE biopsy specimens. The nuclear expression of ARID1A and β-catenin and the cytoplasmic 
expression of PTEN were regarded as positive (× 200). HE: hematoxylin–eosin staining
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progression after FPT (Fig. 4b). Moreover, there was no 
significant association between the expression levels of 
the three proteins and disease recurrence before or after 
FPT (Fig. 4c, d).

Discussion

The objective of this study was to determine changes in 
tumor malignancy in patients with early stage EC or CAH 
who underwent FPT by analyzing the expression levels of 
three proteins (ARID1A, PTEN, and β-catenin), which have 
been reported to be involved in endometrial tumorigenesis 
[13, 14]. Overall, the IHC analysis of biopsy specimens 
revealed significant differences in the expression levels of 
ARID1A, PTEN, and β-catenin between pre- and post-treat-
ment samples. These results suggest that the malignancy of 
EC was still maintained even though morphologic diagnosis 
indicated a normal status after FPT. In addition, the high 

expression of β-catenin after FPT may be a sign of treat-
ment failure.

The remaining EC malignancy after FPT may be attrib-
uted to several reasons. According to the guidelines of the 
NCCN [8], the gold standard for the diagnosis of EC is the 
dilatation and curettage (D&C) method, which is mostly 
based on morphologic evaluation. A study by Visser et al. 
[26] indicated that the pooled agreement rate between 
preoperative endometrial sampling and the final diagno-
sis for tumor grade was 0.67 (95% CI 0.60–0.75), and the 
agreement between hysteroscopic biopsy and the final 

Fig. 3   Effect of FPT on molecular expression levels in biopsy specimens. Average modified H-score values of a ARID1A, b PTEN, and c 
β-catenin in pre-FPT, post-FPT, and NE biopsy specimens. *p < 0.05; **p < 0.01

Fig. 4   Molecular expression of endometrial biopsy specimens (pro-
gression vs. no progression and recurrence vs. no recurrence). a, b 
Average modified H-score values of patients with or without progres-
sion (pre-FPT and post-FPT). c, d Average modified H-score values 
of patients with or without recurrence (pre-FPT and post-FPT). e, f 
Representative IHC images of the β-catenin staining of endometrial 
biopsy specimens from patients with progression and regression after 
FPT (× 200). *p < 0.05

▸
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diagnosis was higher than for D&C (p = 0.02). Therefore, 
the diagnostic accuracy of D&C is somehow limited. On 
the other hand, progesterone treatment is based on the con-
cept that unopposed estrogen stimulation is the driver for 
both the initiation and progression of EC [27]. However, 
not all patients have a good response to progestin. The 
mechanism of progesterone resistance is not fully under-
stood. Progestin receptor (PR) downregulation resulting 
from continuous progestin administration could lead to 
desensitization to progestin, which was thought to be one 
of the reasons for progestin resistance. In addition, other 
molecules including those in the EGF/EGFR and insulin 
signaling pathways may contribute to progestin resistance 
[28, 29]. The results of our study showing malignancy 
retention after FPT may explain the high recurrence rate 
in around half (54%) of the patients with CAH or grade 1 
EC who initially responded to treatment [30].

Recently, there has been increasing interest in identifying 
potential biomarkers to predict the response to progesterone 
therapy in patients with EC or CAH. In a previous study, a 
positive PR status was identified to correlate with treatment 
responsiveness; however, only approximately 75% of these 
patients responded to progesterone treatment, indicating that 
other prognostic biomarkers are required for this subset of 
patients [31]. Another study reported that the mRNA expres-
sion of FOXO1 was significantly decreased by 28.9-fold 
after conservative therapy in the “progression” group vs. 
the “no progression” group [32]. A study by van Gent et al. 
indicated that the Wnt or PI3K/Akt status could not predict 
the response to progesterone treatment in patients with EC 
[33], which is inconsistent with our results showing that the 
increased nuclear expression of β-catenin after FPT was sig-
nificantly associated with disease progression. Considering 
the different patient ethnicities, IHC evaluation methods, and 
sample size, the analytical performance of β-catenin needs 
to be investigated more extensively.

This study investigated malignant changes based on the 
molecular expression of ARID1A, PTEN, and β-catenin 
after progesterone treatment in patients with EC or CAH. 
In addition, the association of the expression patterns of the 
three proteins with disease progression and recurrence was 
determined. The results of our study revealed that the mor-
phological normalization of the endometrium after proges-
terone therapy may not be accompanied by the absence of 
tumor malignancy, which is consistent with the high recur-
rence rate after FPT in patients with EC. More importantly, 
these results demonstrated that hysterectomy with bilateral 
salpingo-oophorectomy should be considered when patients 
completed childbearing or changed their mind on wanting 
a child, as recommended in the guidelines of the NCCN or 
ESGO [8, 9]. Further studies with a focus on elucidating the 
mechanism of malignant transformation in patients with EC 
who underwent FPT would be interesting.

Nevertheless, this study has some limitations. Although 
we analyzed the pre- and post-treatment biopsies of a cohort 
of patients, the number of samples included was relatively 
small. Moreover, the proteins we assessed were restricted 
to ARID1A, PTEN, and β-catenin. In addition, the patients 
included in the study did not receive a uniform treatment or 
follow-up regimen. It is possible that the patients who were 
sampled already had EC even though the initial sampling 
results showed a benign pathology. However, this can only 
be confirmed by hysterectomy.

In conclusion, the present study revealed that there was 
no statistical difference in the expression levels of ARID1A, 
PTEN, and β-catenin in the biopsy specimens of patients 
with EC or CAH before and after FPT. Furthermore, the 
expression of β-catenin was significantly increased in 
patients who progressed compared with those who did not. 
Therefore, the absence of morphological abnormalities in 
patients with EC after FPT may not be accompanied by the 
absence of tumor malignancy. This finding is of importance 
in understanding the malignant transformation of EC after 
FPT and optimizing treatment strategies for patients with EC 
who want to preserve fertility.
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