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Abstract 

Background:  This study analyzed the changes of serum and pathological biomarkers during fertility-sparing therapy 
of endometrial cancer (EC) or endometrial atypical hyperplasia (EAH), to investigate their implications for early predic-
tion of treatment efficacy.

Methods:  A retrospective analysis of EC or EAH patients who received fertility-sparing therapy between 2012 and 
2016 was performed. Serum and endometrium sampling were obtained for each patient at three time points: at base-
line, at 3–6 months’ treatment and at the end of conservative treatment. Serum biomarkers including insulin resist-
ance (HbA1c, HOMA-IR), sex hormones and thyroid hormones were measured. Meanwhile expression of endometrial 
pathological biomarkers including ER, PR, PRB and Ki-67 was also assessed by immunohistochemistry.

Results:  For the 53 recruited patients, overall complete response, recurrence and pregnancy rates were 94%, 26% 
and 36.4%. During the treatment, the serum biomarkers of HOMA-IR remained stable, while pathological markers 
including PR, PRB and Ki67 diminished significantly. Patients who achieved remission faster had significant lower 
HOMA-IR level and higher PRB expression at baseline. We also found a more remarkable down-regulation of PRB 
related with faster remission. Further multivariate analysis confirmed that baseline HOMA-IR ≥ 2.5 negatively affected 
treatment time to remission (OR 0.206; p = 0.017). While marked reduction of PRB (≥ 30%) at 3–6 months’ treatment 
correlated with faster remission (OR 5.788; p = 0.010).

Conclusion:  For EC and EAH patients who received fertility-sparing therapy, baseline status of insulin resistance 
predicted poor response to progestin, while marked reduction of PRB following the initial 3–6 months’ treatment 
predicted fast remission.
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Background
The incidence of Endometrial cancer (EC) is rising in 
China in recent years, with the increasing prevalence 
of metabolic syndrome. As young patients tend to 
postpone delivery, more patients will face the contra-
dictory situation of cancer treatment and uterus pres-
ervation. Many studies have proven the efficacy and 
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safety of progestin-based fertility-sparing therapy for 
patients with EC or endometrial atypical hyperplasia 
(EAH), with a relatively high neoplasm remission rate 
of 75.3–88.7% [1].

Excessive unopposed exposure of endometrium to 
estrogen has long been regarded as the most important 
risk factors for endometriod cancer [2]. Additional risk 
factors include abnormal glycometabolism, insulin 
resistance (IR) and thyroid disease [3–5]. But the influ-
ence of such serum biomarkers on treatment efficacy 
hasn’t been fully discussed under the fertility-sparing 
situation. Well-differentiated EC also pathologically 
presents with positive expression of estrogen receptor 
(ER) and progesterone receptor (PR) associated with 
good prognostic [6]. But it’s unclear how such patho-
logical biomarkers change during the conservative 
treatment. We neither know whether their expression 
or changed status relates with therapeutic response.

This study analyzed the dynamic change of serum 
and pathological biomarkers and explored their rela-
tionship with treatment outcomes in order to find effi-
cacy predictive markers for fertility-sparing therapy of 
EC or EAH.

Methods
Eligibility
This was a retrospective cohort study of women who 
received fertility-sparing therapy for EC or EAH between 
January 2012 and December 2016 at Peking Univer-
sity People’s Hospital. The protocol for this study was 
approved by the Independent Ethics Committee (IEC) of 
Peking University People’s Hospital (Approval Number: 
2016PHB054-01). Informed consent was obtained from 
all the patients recruited.

Study design
Study design is provided in Fig.  1. Patients who met 
the NCCN guidelines for fertility-sparing treatment of 
EC or EAH were recruited. Patients were treated with 
medroxyprogesterone (MPA), megestrol acetate (MA), 
or in combined with gonadotropin-releasing hormone 
agonist (GnRHa). Endometrial sampling was performed 
by hysteroscopy every three to six months during treat-
ment to evaluate the histologic response. Pathology was 
assessed by senior gynecological histopathologists, using 
the WHO classification system [7].

Serum and endometrial tissue were obtained from each 
patient at three time points (T0, T1 and T2). The first 
point (T0) was to detect the serum and pathological bio-
markers prior to treatment, which represents the baseline 
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status. The second (T1) represented the assessment after 
3–6 months of treatment. And the third (T2) represented 
the last assessment at the end of conservative treatment.

Serum biomarker quantification
We measured serum biomarkers as follows: (a) sex hor-
mones included the levels of luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), estradiol (E), testos-
terone (T) and prolactin (PRL); (b) the status of IR which 
was evaluated by fasting blood glucose and insulin levels 
to derive the homeostasis model assessment of insulin 
resistance (HOMA-IR) and the glycosylated hemoglobin 
A1c (HbA1c) level; and (c) thyroid function included the 
levels of free thyroxine and thyroid-stimulating hormone 
(TSH). Individuals were classified as insulin resistant if 
HOMA-IR ≥ 2.5 [8].

Pathological response evaluation and biomarker 
quantification
The response to progestin treatment was assessed histo-
logically as follows: complete response (CR) was defined 
as a lack of residual EAH or EC; partial response (PR) was 
defined as a histological downgrade during follow-up; 
no response (NR) was defined as no evidence of disease 
regression or progression; and progression of disease 
(PD) was defined as a histological upgrade or if myome-
trial or extrauterine invasion was found during follow-
up. Immunohistochemical (IHC) staining of pathological 
biomarkers included proliferation marker Ki-67 and hor-
mone receptors, thus ER, PR and isoform B of proges-
terone receptor (PRB). Staining for Ki-67 was performed 
according to the number of positive staining nuclei per 
high-power field. The product IHC score (0–3) for ER, 
PR, and PRB was calculated as the intensity of intranu-
clear staining (0, 1, 2, and 3) multiplied by the propor-
tion of nuclear staining (0–1). Representative sequential 
images of IHC staining and IHC scores for these four 
pathological biomarkers at three time points are shown 
in Fig. 2.

Statistical analysis
We analyzed the changes of serum and pathological bio-
markers during the three time points (T1 vs. T0, T2 vs. 
T0), to describe the variation trend. Then we compared 
above biomarkers and their changes in different groups 
based on remission time, to find potential efficacy-related 
risk factors. We further use multivariate analysis to iden-
tify independent factors for predicting remission time.

For continuous data, normally distributed variables are 
expressed using the mean ± SD; nonnormally distributed 
variables are expressed using the median value (inter-
quartile range). The strength of the difference between 
intergroup variables were determined using the Student’s 

t-test or the Mann–Whitney U test. Intergroup differ-
ences for categorical variables were tested for signifi-
cance using the chi-square test. Changes of biomarkers 
between paired time points (T1 vs. T0, T2 vs. T0) were 
determined using Wilcoxon signed-rank test. Variables 
yielding p values lower than 0.1 by univariate analysis 
were entered into a multivariate cox proportional hazard 
regression model to determine variables independently 
associated with treatment time to remission. All statisti-
cal tests were two sided at the 5% level of significance and 
were performed using SPSS Version 19.0 for Windows 
(IBM Corp, Armonk, NY, USA).

Results
Baseline characteristics
Study design was provided in Fig.  1. A total of 53 eligi-
ble patients, including 29 with EC and 24 with EAH, who 
received fertility-sparing treatment were recruited. Base-
line demographic characteristics were shown in Addi-
tional file 1: Table 1. Patients were followed up from the 
end of conservative treatment until January 1, 2019. The 
median follow-up time was 46 months (23.5–78 months).

Oral progestin therapy, including MPA and MA, 
was used in 44 patients and 9 patients was treated with 
GnRHa alone or combined with oral progestin. Met-
formin was given to 20 (37.7%) patients if they had IR 
or at the discretion of the doctors. After remission, 37 
(72.5%) patients were given maintenance therapy.

Oncological and reproductive results
The overall CR rate was 94% (50/53). In addition, two 
patients with EC experienced PD, and one patient with 
EAH experienced NR. Among the 50 patients who 
achieved CR, 13 (26%) experienced recurrence, including 
9 with EC and 4 with EAH. The time interval from CR to 
recurrence was 13 (8, 47) months.

Forty-four patients who achieved CR had a plan for 
parenthood. In total, 36.4% became pregnant (21 preg-
nancies). There were 38.6% (17/44) of patients who took 
assisted reproductive technology (ART). The live birth 
rate was 27.3% (12/44).

Changes in serum biomarkers and their relationship 
with the treatment time to remission
During conservative treatment, serum biomarker levels 
were assessed at three time points, as shown in Addi-
tional file 1: Table 2. As expected, after progestin-based 
treatment, there was a decrease tendency in estradiol 
and a significant increase in FSH level. The level of LH 
decreased at the first follow-up and further decreased 
at the end of treatment. The level of testosterone also 
decreased at both the first and last follow-ups. There was 
no difference in the prolactin level during treatment.
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Fig. 2  Changes in pathological markers at three time points during treatment. A Representative IHC images of ER, PR, PRB and Ki67 in sequential 
endometrial biopsy samples at baseline (T0), at 3–6 months’ treatment (T1) and at the end of treatment (T2) from one patient. B IHC scores of above 
markers at T0, T1 and T2, are presented as scatter plots using paired data. C Median IHC score values at three time points based on data in panels A. 
* p < 0.05, ** p < 0.01
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Regarding glycometabolism, there were no significant 
changes in HbA1c or HOMA-IR after progestin treat-
ment, nor were there any differences in the biomarkers of 
thyroid function (FT4, TSH).

We then compared the hormone markers in in patients 
who got remission within 6 months vs. those who did not 
(Table 1). In the "Remission time ≥ 6 months" group, we 
detected a significant higher baseline HOMA-IR level 
(4.2 vs. 2.2, p = 0.004). While patients in this group also 
showed a more remarkable decrease in the HOMA-IR 
level during progestin treatment (T1 vs. T0, -39% vs. 
-12%, p = 0.049; T2 vs. T0, -44% vs. 25%, p = 0.020). Fur-
ther analysis showed that 41.9% (13/31) of patients in 
the "Remission time ≥ 6  months" were given metformin 
as a combination therapy, while only 26.3% (5/19) of 
patients in the "Remission time < 6 months" group. Other 
biomarkers indicating gonadal and thyroid hormones 
showed no significant difference between these two 
groups.

Changes in pathological biomarkers and their relationship 
with the treatment time to remission
We first examined hormone receptor expression in 
paired endometrial biopsies obtained at three time points 
(Fig. 2). Most patients demonstrated a significant reduc-
tion in PR and PRB proteins expression post-treatment 
as compared to baseline (T1 vs. T0) (Fig.  2B,C). There 
is also further significant reduction at the final assess-
ment in PR and PRB proteins (T2 vs. T1) (Fig. 2C). The 

ER status remained stable during the first 3–6 months of 
treatment, while showed a slight decrease at the end of 
treatment (Fig. 2C). There is also significant reduction of 
Ki67 protein during the treatment (Fig. 2B, C).

We also compared hormone receptor levels in patients 
who got remission within 6  months vs. those who did 
not (Fig.  3). In the “Remission time < 6  months” group, 
we found significant higher baseline PR, and PRB pro-
teins (Fig.  3A). While the baseline ER and Ki67 levels 
showed no significant difference (Fig. 3A). Furthermore, 
patients in the "Remission time < 6 months" also showed 
a tendency of greater downregulation of ER (− 41% vs. 0, 
p = 0.096), PR (− 88% vs. − 58%, p = 0.113) and PRB (− 
47% vs. − 33%, p = 0.132) in the second assessment com-
pared to the baseline level (Fig. 3B). While the changes of 
Ki67 protein between the two groups showed no differ-
ence (Fig. 3B).

Independent risk factors for predicting treatment time 
to remission
We next analyzed the risk factors for predicting treat-
ment time to remission (Table  2). The univariate 
analysis showed that age ≥ 30  years (p = 0.063) and 
HOMA-IR ≥ 2.5 (p = 0.029) seemed negatively correlate 
with time to remission. The pathology of EAH compared 
to EC (p = 0.011) positively correlated with time to remis-
sion. Also, marked down-regulation of PRB (≥ 30%) at 
the second assessment (p = 0.019) positively correlated 
with treatment time to remission. While we didn’t detect 
significant relations between patients’ remission time and 
BMI, whether combined with T2DM, PCOS, thyroid dis-
ease, usage of metformin, or baseline level of pathological 
biomarkers.

After adjusting for age, the further multivariate analy-
sis demonstrated only pathological type, HOMA-IR level 
and marked reduction of PRB were the independent fac-
tors related with treatment time to remission (Table  2). 
Patients with a reduction in PRB (≥ 30%) at 3–6 months’ 
treatment, significantly correlated with faster remission 
(odds ratio [OR], 5.788 95% CI 1.531–21.889 p = 0.010). 
While those with insulin resistance status (HOMA-
IR ≥ 2.5) and those with a histological type of EC (com-
pared with EAH) both negatively affected treatment time 
to remission (OR 0.206 95% CI 0.056–0.755 p = 0.017; 
OR 0.206 95% CI 0.056–0.755 p = 0.017, respectively).

Discussion
The objective of this study was to determine the changes 
in expression of serum and pathological biomarkers dur-
ing progestin therapy for EAH and EC patients and what 
implications in prediction of treatment efficacy would be 
expected.

Table 1  Changes in serum markers in patients with different 
treatment time to remission

Bold part represents p-value less than or near 0.05

E, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; T, 
testosterone; PRL, prolactin; HOMA-IR, homeostasis model assessment of insulin 
resistance; HbA1c, glycosylated hemoglobin A1c; FT4, free thyroxine; TSH, 
thyroid-stimulating hormone

Remission time
 < 6 months 
(n = 19)

Remission time
 ≥ 6 months 
(n = 31)

p-value

T0-Estradiol, pg/mL 105.2 ± 187.2 53.1 ± 83.9 0.322

T0-FSH, IU/L 5.5 ± 2.3 5.3 ± 3.1 0.831

T0-LH, IU/L 3.0 ± 2.1 3.8 ± 3.2 0.494

T0-T, nmol/L 1.0 ± 0.6 0.9 ± 0.7 0.672

T0-PRL, ng/mL 20.3 ± 11.2 21.0 ± 9.6 0.437

T0-HOMA-IR 2.2 ± 1.3 4.2 ± 2.0 0.004
T1-HOMA-IR 2.4 ± 1.5 3.6 ± 3.7 0.311

T2-HOMA-IR 2.7 ± 1.8 4.0 ± 2.9 0.185

T1 vs. T0-HOMA-IR − 12% − 39% 0.049
T2 vs. T0-HOMA-IR 25% − 44% 0.020
T0-HbA1c, % 5.7 ± 0.4 5.6 ± 0.4 0.922

T0-FT4, pmol/L 16.4 ± 2.8 16.8 ± 1.9 0.688

T0-TSH, uIU/mL 2.1 ± 1.7 2.2 ± 0.9 0.864
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Our study found, no significant change in HbA1c or 
HOMA-IR during fertility-sparing treatment, which 
implies such a dose of progestin does not aggravate or 
alleviate the status of insulin resistant or glycometabo-
lism for patients. Our results also indicated that a higher 
baseline level of HOMA-IR related to a longer remission 
time. However, for patients with longer remission time 
their HOMA-IR level tended to decrease following treat-
ment than those with faster remission (− 44% vs. 25%, 
p = 0.020). This might be due to the combined use of 
metformin and weight loss, as often suggested by doctors 
for patients who had initial insulin resistance. The result 
also proved that more patients in this group used met-
formin (41.9% vs. 26.3%) and their status of insulin resist-
ance has an expectant improvement.

Further multivariate Cox analysis confirmed that 
patients with HOMA-IR ≥ 2.5 correlated with longer 
remission time. Insulin resistance has long been regarded 
as an important risk factor for the development of EC 
[9, 10]. However, few reports have analyzed the role of 
IR in fertility-sparing treatment. A review showed dia-
betes mellitus (DM) seems not affect the outcome of 
conservative treatment in EAH and EC, though the num-
ber of included patients diagnosed with DM is small 
[11]. Yang [12] analyzed EAH patients and found that, 

IR significantly affected the treatment time to remis-
sion (8.1  months with IR vs. 6.1  months without IR, 
p = 0.004). Our result also proved that for EC and EAH 
patients, IR status prolonged the treatment time. We pro-
pose IR might negatively affect the treatment response 
to progestin through several mechanisms. Firstly, insulin 
could act directly on EC cells through the PI3K/AKT/
mTOR signaling pathway that promotes cell survival 
and proliferation [13–15]. Secondly, insulin resistance 
is described to suppress hepatic sex hormone-binding 
globulin production and induce ovarian steroid hormone 
production which result in increased bioavailable estro-
gen and alleviates the antiestrogen effect [16]. Addition-
ally, insulin could induce cholesterol synthetase DHCR24 
expression which inversely correlates with PR and thus 
aggravating progestin resistance in EC cells [17]. There-
fore, we believe insulin resistance would compromise 
the therapeutic effect of progestin and thus prolong the 
treatment time. For such patients with IR, it’s reasonable 
to treat them more than 6 months or even longer. On the 
other hand, we should consider the benefit of the com-
bined use of metformin to improve their IR status which 
might potentially improve the therapeutic efficacy.

Regarding the pathological markers, we found 
that the levels of PR and its subtype PRB diminished 

Fig. 3  Changes in pathological markers in patients with different treatment time to remission (< 6 months vs. ≥ 6 months). A Comparison of 
median IHC score values of ER, PR, PRB and Ki67 proteins at baseline assessment in patients that regressed < 6 months vs. ≥ 6 months. B Comparison 
of median change of IHC scores at 3–6 months treatment (T1) compared to baseline level (T0) in patients that regressed < 6 months vs. ≥ 6 months
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post-treatment, and patients with marked downregulated 
levels of PRB at the 3–6 months of treatment predicted 
faster remission. This might be because a downregulation 
of PRB in good responders could be indicative of active 
receptors which is usually ubiquitinated and turned over 
rapidly. For now, reports regarding the utility of hor-
mone receptor expression in predicting the response to 
progestin-based therapy have been controversial [18]. In 
consistent with our finding, Vereide’s research in endo-
metrial hyperplasia (EH) patients showed that PR, ER or 
their isoforms were downregulated in responders and 
stably expressed in nonresponders [19]. Raffone’s retro-
spective study showed a weak stromal PRB expression 
is a highly sensitive predictive marker of no response of 
AEH and EEC conservatively treated [20]. Another small 
study of a 10-patient cohort found that ER and PRB lev-
els after treatment with a progestin-containing IUD were 
significantly higher in the “progression” group than in the 

“no progression” group [21]. Also, a systematic review 
showed PR is significantly predictive of response in EH 
and EC treated with a levonorgestrel-intrauterine device, 
but not with oral progestins [22]. However, other stud-
ies did not report any significant associations [23, 24]. 
The GOG211 trial found that only low pre-treatment 
levels of the Ki-67 level were a predictor of the histo-
logic response, rather than ER or PR [25]. Given the high 
remission rate to progestin therapy, the treatment time 
rather than the remission rate might contribute to above 
inconsistent results. Additionally, the small sample size of 
the above studies might have prevented a reliable conclu-
sion to be drawn. Our results imply that greater change 
in PRB expression after initial treatment may serve as 
promising markers for early predicting response to con-
servative therapy.

There are several limitations to our study. First, ret-
rospective data collection might produce bias with 

Table 2  Cox analysis of factors associated with treatment time to remission

Bold part represents p-value less than or near 0.05

*Defined as the range of reduction at the second assessment compared to the baseline level. OR: odds ratio; CI, confidence interval; EC, endometrial cancer; EAH, 
endometrial atypical hyperplasia; BMI, body mass index; T2DM, type 2 diabetes mellitus; PCOS, polycystic ovary syndrome

Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

BMI (kg/m2)  ≥ 25 0.717 (0.406–1.268) 0.253

 < 25 1

Age  ≥ 30 0.544 (0.286–1.032) 0.063 – –
 < 30 1

Pathology EAH 2.120 (1.186–3.789) 0.011 3.870 (1.175–12.742) 0.026
EC 1 1

T2DM Yes 0.816 (0.427–1.957) 0.914

No 1

PCOS Yes 0.916 (0.476–1.764) 0.793

No 1

Hypothyroidism Yes 1.842 (0.868–3.908) 0.111

No 1

Metformin Yes 0.626 (0.324–1.210) 0.164

No 1

HOMA-IR  ≥ 2.5 0.440 (0.210–0.921) 0.029 0.206 (0.056–0.755) 0.017
 < 2.5 1 1

T0-ER 1.461 (0.676–3.158) 0.335

T0-PR 1.198 (0.651–2.205) 0.561

T0-PRB 2.560 (0.676–9.695) 0.167

T1 vs. T0-ER*  ≥ 0 1.397 (0.599–3.256) 0.439

 < 0 1

T1 vs. T0-PR*  ≥ 60% 1.223 (0.504–2.971) 0.656

 < 60% 1

T1 vs. T0-PRB*  ≥ 30% 2.995 (1.201–7.469) 0.019 5.788 (1.531–21.889) 0.010
 < 30% 1 1

T0-Ki67 1.002 (0.986–1.018) 0.826
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information ascertainment. Second, our relatively small 
sample size reduces the ability to draw more convincing 
conclusions. A large-sample prospective study is needed 
to verify our preliminary findings. Third, due to the lim-
ited number of patients, we could not investigate the 
effect of metformin on changes of serum or pathological 
biomarkers. This implication remains to be further dem-
onstrated. However, this study described a comprehen-
sive picture for the first time of changing trend in both 
endocrine hormone levels and pathological markers dur-
ing fertility-sparing treatment. This study also represents 
one of the largest series in the literature which proved the 
significance of baseline insulin resistance and the marked 
change in PRB proteins in predicting treatment efficacy.

In conclusion, the current study shows that during fer-
tility-sparing treatment for EC and EAH patients, insu-
lin resistance status or thyroid function is not affected, 
while progesterone receptor level diminishes signifi-
cantly. As for treatment efficacy, insulin resistant status 
of patients predicts longer treatment time to remission, 
while marked reduction of PRB after 3–6 months’ treat-
ment has good implications for faster remission.
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