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Abstract

Objective To compare the effect of levonorgestrel-intrauterine system (LNG-IUS) with or without oral megestrol acetate (MA)

versus MA alone on fertility preserving treatment in patients with atypical endometrial hyperplasia (AEH). Design Single-

center phase II study with open-label, randomized and controlled trial conducted between July 2017 and June 2020. Setting

Obstetrics & Gynecology Hospital of Fudan University, Shanghai, China Population A total of 180 patients (18-45 years) with

primary AEH were randomly assigned (1:1:1) to MA group (N=60), LNG-IUS group (N=60), or MA+LNG-IUS group (N=60).

Methods Patients received MA (160 mg orally daily), LNG-IUS, or MA+LNG-IUS (MA 160 mg orally daily plus LNG-IUS),

respectively. Main outcomes and measures The primary endpoint was the complete response (CR) rate at 16 weeks of treatment.

The secondary endpoints were the CR rate at 32 weeks of treatment, adverse events, recurrent rate, and pregnancy rate. Results

LNG-IUS group yielded a higher 16-week CR rate than MA group (P=0.049; Odds ratio [OR], 2.44; 95% confidence interval

[95%CI], 1.00-6.00). However, MA+LNG-IUS group did not yield better 16-week or 32-week CR rates than MA group (P=0.245;

P=0.915) or LNG-IUS group (P=0.419; P=0.653). Meanwhile, less side-effects were found in LNG-IUS group compared with

the other two groups. No significant difference was seen in recurrence rates and pregnancy rates among all three groups.

Conclusions LNG-IUS might be considered as the first-line choice of fertility-sparing treatment in AEH patients with proper

size of uterine cavity. LNG-IUS combined with MA might not provide better treatment effect than MA or LNG-IUS alone.

INTRODUCTION

As the precancerous stage of endometrioid endometrial cancer (EEC), the incidence of atypical endometrial
hyperplasia (AEH) is increasing1, 2, which makes fertility-preserving treatment in young AEH patients an
important issue. Oral high-dose progestins, including megestrol acetate (MA) and medroxyprogesterone
acetate (MPA), are traditional choices for fertility-preserving treatment in these women 3-5 with a complete
response (CR) rate around 70%-80% . However, up to 30% of patients remain insensitive to progestin 6 and
the median treatment duration to achieve complete response is 6 to 7 months7-9. Multiple adverse effects
occurred accompanying long treatment duration, such as edema and weight gain, which usually hindered the
patient’s compliance to oral progestin 4, 8. Therefore, more optimal fertility-preserving treatment for AEH
patients is urgently needed.

Levonorgestrel-releasing intrauterine system (LNG-IUS), an intrauterine high-efficient progestin (lev-
onorgestrel) releasing system, has been recommended as the first-line fertility-preserving treatment for AEH
patients10, 11. Retrospective studies suggested that LNG-IUS might provide non-inferior efficacy with the
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. CR rates of 78.7%-90% compared with oral progestin12-14 , and was associated with less systemic symptoms
such as weight gain, decrease in bone mineral density, risk of venous thrombosis and breast cancer 15-19.
However, high quality evidence from randomized controlled study is still lacking to compare LNG-IUS alone
with oral progestin as fertility-sparing treatment for AEH patients.

Another question that remains unclear is whether LNG-IUS combined with oral progestins may achieve
higher treatment effects than LNG-IUS or oral progestins alone in AEH patients. A few retrospective or
small sample-size prospective clinical studies suggested the efficacy in EEC patients might be improved when
combining oral progestin with LNG-IUS20-22. A retrospective analysis 20found that the CR rates were 77.8%
(7/9), 50% (2/4) or 33.3% (1/3) in EEC patients receiving oral progestin plus LNG-IUS, oral progestin only
or LNG-IUS only, respectively. However, the number of patients included in these studies were too small to
draw a conclusion.

In order to address these questions, we conducted this prospective phase II study with randomized controlled
design, to evaluate the effect of LNG-IUS with or without oral MA on fertility-preserving outcome in AEH
patients. The primary endpoint was complete response (CR) rate at 16 weeks of treatment(16-week CR
rate). The secondary endpoints were CR rate at 32 weeks of treatment (32-week CR rate), adverse events,
recurrent rate, and pregnancy rate.

MATERIALS AND METHODS

Study design and patients

This single-center, open-label, randomized controlled phase II study (NCT03241888) was designed to inves-
tigate the efficacy of oral MA+LNG-IUS or LNG-IUS alone compared with oral MA alone as fertility-sparing
treatment for AEH patients. This work was conducted from July 21th, 2017, to June 18th, 2020, in Obstetrics
and Gynecology Hospital of Fudan University, Shanghai, China. This study was supported by the National
Key Research and Development Program of China (Grant No 2019YFC1005200 and 2019YFC1005204),
Shanghai Medical Centre of Key Programs for Female Reproductive Diseases (Grant No. 2017ZZ010616),
Shanghai sailing program (Grant No.19YF1404200) and Shen Kang clinical project (SHDC22021219).

Eligible AEH patients met the following inclusion criteria were 18-45 years old; pathologically diagnosed with
AEH for the first time by endometrial biopsy through dilation and curettage with or without hysteroscopy;
with no signs of suspicious endometrial invasion or extrauterine metastasis by transvaginal ultrasonography;
with the longest uterine diameter (from the fundus to endocervix) <7 cm by ultrasound (as larger uterine
cavity might lead to LNG-IUS expulsion or reduce the treatment effect); with strong desire to preserve
fertility; no contraindication for progestin treatment or pregnancy; not pregnant when participating in the
trial; willing to follow the trial arrangement after being fully informed of all the risks and inconveniences
caused by the trial.

Exclusion criteria were diagnosis of recurrent AEH, allergy history or contraindications for MA or LNG-IUS;
during pregnancy, severe infection, severe chronic diseases (dysfunction of heart, liver, lung, or kidney),
high risk of thrombosis, receiving hormone treatment for more than three months within six months before
entering the trial, other malignancy history, concurrent malignancy in genital or other systems.

Pathologic diagnosis was confirmed by two experienced gynecological pathologists (Dr. Zhu Q and Dr.
Zhou XR), according to the World Health Organization (WHO) pathological classification (2014)23. If their
opinions differed, a seminar was held in the pathological department for the final diagnosis.

The trial was approved by the Institutional Review Board of the Obstetrics and Gynecology Hospital, Fudan
University (Approval No.: 2017-30), and all patients were fully informed of the benefits and risks of this
clinical trial and provided written informed consent.

2. Randomization and masking

Patients were allocated (1:1:1) to one of three treatment arms: MA alone (control group), LNG-IUS alone,
or MA+LNG-IUS group by the simple randomization. Randomization sequences were prepared according
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. to random-number tables. The treatment allocation was concealed before the participants were successfully
enrolled. This study was open-labelled that all patients and study physicians were aware of the treatment
assignment. None of the clinicians who performed the hysteroscopic evaluation on patients in this trial and
none of the pathologists who assessed the specimens from this trial was aware of the treatment allocations.

3. Procedures

Patients in MA group received continuous oral megestrol acetate 160 mg once daily. LNG-IUS (containing
LNG 52mg) insertion was administered in patients in LNG-IUS group. Patients in MA+LNG-IUS group
received MA 160 mg once daily plus LNG-IUS insertion.

All patients received complete hysteroscopic evaluation and resection of lesions before the initiation of treat-
ment in this trial. LNG-IUS was placed during the hysteroscopic evaluation when indicated. Hysteroscopic
evaluations were performed every 3 months to evaluate treatment response after initiating the treatment by
two specialists (Dr. Zhang HW and Dr. Zhu CY) following standard procedure as described previously8.
Suspected lesions were recorded in detail and removed completely under the principle to minimize endome-
trial damage. A random endometrial biopsy was performed in the area where no obvious lesion was found.
All the specimens were sent separately for the pathological diagnosis.

During each hysteroscopic evaluation, the LNG-IUS was taken out, kept from contamination, and bacilli
culture was performed. A new LNG-IUS was suggested to be placed in uterine cavity after each hysteroscopic
evaluation. If the patient insisted on using the old one, the LNG-IUS would be swabbed by iodophor for
sterilization and reinserted in the uterine cavity. The LNG-IUS would be taken out immediately if bacilli
culture reported positive result.

The treatment response was categorized as follows: (1) complete response (CR), defined as no endometrial
lesion. Another hysteroscope were held 3 months later for confirmation of CR; (2) partial response (PR),
pathological improvement, such as endometrial hyperplasia; (3) stable disease (SD), persistence of disease
as originally diagnosed; (4) progression disease (PD), any appearance of endometrial malignancy.

MA and/or LNG-IUS were administered until CR. Treatment were ceased when patients experienced un-
acceptable side effects. Definitive hysterectomy was suggested when patients remained SD after 7 months
of treatment, or not achieving CR after 10 months of treatment, or had PD at any time of treatment 24.
For those who refused hysterectomy, alternative treatment was given based on multidisciplinary consensus.
Duration of treatment time to achieve CR was calculated from initiation of treatment to the first time that
the patient achieved pathological CR after hysteroscopic assessment.

After achieving CR, the same regimen was administered for another 2-3 months for treatment consolidation
and patients were encouraged to receive assisted reproductive treatment. Ultrasonography (every 3 months)
and endometrial biopsy by Pipelle (every 6 months) were routinely used to assess the endometrium. For CR
patients without recent plan to conceive, or those stopped breast breeding after delivery, cyclic oral dydro-
gesterone, oral contraceptive pills, or LNG-IUS was administered to prevent disease recurrence. Recurrence
was defined as the presence of complex hyperplasia, AEH, or EC after achieving CR.

Data on age, height, weight, and metabolic status (fasting blood glucose (FBG), fasting insulin (FINS),
and lipid panel) were collected before the initiation of treatment. Obesity was defined as body mass index
(BMI)[?]28 kg/m2 followed criteria for Chinese adults25, 26. Insulin resistance was estimated using the
homeostasis model assessment of insulin resistance (HOMA-IR) index, which was calculated as fasting blood
glucose (FBG) (mmol/L) × fasting insulin (FINS) (mU/L)/22.5. HOMA-IR[?]2.95 was considered insulin
resistant (IR) 27. Metabolic syndrome (MS) was defined according to literature 28-30. All patients were
followed up from the date of treatment initiation to July 1st, 2021.

4. Outcomes

The primary endpoint was 16-week CR rate. Secondary endpoints were 32-week CR rate, treatment-related
adverse events, recurrent rate and pregnancy rate. Safety assessment was assessed and graded following the
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. National Cancer Institute Common Toxicity Criteria version 4.0 at baseline (prior to treatment), during
treatment, and at completion of treatment. Serious adverse events would be reported within 24 hours. The
maximum extent of weight change during treatment was also measured.

5. Statistical analysis

According to literatures 7, 8, 12, 31-33, for the primary endpoint, we assumed that the 16-week CR rate was
25% in MA group, 50% in LNG-IUS group and 60% in MA+LNG-IUS group; with a power of 0.8 at a two-
sided significance level of 0.05; requiring an accrual of 362 eligible patients (lost to follow-up rate <10%),
which was too large to be carried out. Then we eventually decided to recruit 180 patients with 60 in each
group as a phase II study. Modified intention-to-treat (ITT) analyses were performed for patients underwent
endometrial evaluation at 16 or 32 weeks, and patients missed endometrial evaluation at 16 or 32 weeks but
did not reach CR at subsequent endometrial evaluation. The latter was regarded as not reaching CR at
16 or 32 weeks. Patients missed endometrial evaluation at 16 or 32 weeks but reached CR at subsequent
endometrial evaluation were excluded for 16 or 32-week CR rate analysis. ANOVA test or Kruskal-Wallis
test was used for the comparison of continuous variables between the three groups, and Student’s t-test or
Mann-Whitney test was used for comparison between two groups. Chi-square test or Fisher’s exact test
were used for the differences in the categorical variable. Time-to-event endpoints were estimated with the
Kaplan-Meier method. Log-rank test was used to compare the differences in survival curves. Cox regression
analysis was used to estimate hazard ratio for CR or recurrence. A 2-tailed P -value of ¡0.05 was considered
statistical significant. All statistical analyses were performed using SPSS for windows (version 22.0; Armonk,
New York). COSORT guidelines were consulted to outline this study 34.

6. Role of the funding source

The funding bodies had no role in study design, data collection, data interpretation, data analysis, or drafting
or editing of this manuscript.

RESULTS

1. Patients and treatment

The flow of the patients in the trial is reported in Figure 1. Totally 206 patients were screened, of them, 26
patients were deemed ineligible mostly because of progestin-use history or requirement of definitive surgery.
Between July 21th, 2017 and June 18th, 2020, 180 patients who met all the inclusion and exclusion criteria
were randomly 1:1:1 assigned to MA (n=60), LNG-IUS (n=60) or MA+LNG-IUS group (n=60) (Fig.1). One
hundred and thirty-two patients and 146 patients were included in modified intention-to-treated analyses for
16-week or 32-week CR rates, respectively.

All the participants were Chinese Asian. Patient characteristics were well balanced among three treatment
groups (Table S1). The median age was 33 (range 19-44) years old, and the median BMI was 25.0 (range,
16.4-47.5) kg/m2. There was no difference in age, pretreatment BMI or IR status among the three groups.
Fifty-five out of 180 patients (30.6%) were obese (BMI[?]28 kg/m2) and 27.8% (50/180) of patients were
insulin resistant (HOMA-IR[?]2.95).

2. The 16-week CR rate (primary endpoint)

In modified ITT analyses, the overall CR rate at 16 weeks was 36.4% (48/132). The 16-week CR rates were
25.6% (11/43) in MA group, 45.7% (21/46) in LNG-IUS group and 37.2% (16/43) in MA+LNG-IUS group,
without statistical difference among the three groups (P=0.143) (Table 1; Fig.2A). However, LNG-IUS group
yielded a higher 16-week CR rate compared with MA group (p=0.049, Odds ratio [OR], 2.44; 95% confidence
interval [95%CI], 1.00-6.00). MA+LNG-IUS group did not achieve higher 16-week CR rate compared with
MA group or LNG-IUS group (Table 1, Fig 2).

3. The 32-week CR rate (secondary endpoint)

4
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. The overall CR rate at 32 weeks was 79.1% (117/148). The 32-week CR rates were 78.3% (36/46) in MA
group, 82.7% (43/52) in LNG-IUS, and 79.2% (38/48) in MA+LNG-IUS group, without statistical difference
among the three groups (P=0.842) (Table 1; Fig.2). MA+LNG-IUS group did not achieve higher 32-week
CR rate compared with MA group or LNG-IUS group (Table 1).

4. 16- and 32-week CR rate in patients with different metabolic status

We performed post hoc analyses on 16-week and 32-week CR rates in patients with different metabolic status
(Table 2). In participants with BMI[?]28 kg/m2, LNG-IUS group achieved higher 16-week CR rate (41.7%
[5/12]) compared with MA group (0% [0/12]); P=0.037). In patients without insulin resistance, LNG-IUS
group also had higher 16-week CR rate (48.6% [18/37]) compared with MA group (25.0% [8/32]; P=0.037;
Table 2). No difference was found in 32-week CR rate in patients with different metabolic status among the
three groups (Table S2).

4. Safety analysis (secondary endpoint)

No treatment-related death or serious adverse events (grade 4) was observed during the study (Table 3).
Among 114 patients using LNG-IUS with or without MA, no positive bacilli culturing result on LNG-IUS
was found. LNG-IUS group achieved less weight gain (median, 0.0 kg; 95%CI, -1.0-1.3, P ¡0.001) compared
with MA group (median, 5.0 kg; 95%CI, 2.3-8.1) or MA+LNG-IUS group (median, 5.0 kg; 95%CI, 3.2-
7.8) (Fig.S1). Fewer patients in the LNG-IUS group experienced increased nocturnal urine, night sweats,
insomnia, or edema face compared with the other two groups. MA group experienced similar adverse effects
as MA+LNG-IUS group. Vaginal hemorrhage occurred more often in the MA+ LNG-IUS group than in the
MA group (46.3% vs. 19.0%; P=0.002).

5. Long term onco-fertility results (secondary endpoint)

Median follow-up after initiation of treatment was 27.8 months (range, 3.2-47.5). At the time of last follow-
up, 8 of the 180 patients were lost to follow-up, 1 withdrew the study, 2 received hysterectomy, 3 were still in
treatment (1 remained PR and 2 remained SD), and the other 166 women achieved CR (Fig.1). None of the
patients experienced PD during treatment. Thirty-four patients remained SD after 7 months of treatment
or did not achieve CR after 10 months of treatment. Among these 34 patients, 24 used alternative treatment
and the other 10 continued the original regimen.

The median treatment duration to achieve CR were 29.2 weeks (95% CI, 24.4-33.9) in MA group, 19.2 weeks
(95%CI, 16.1-21.8) in LNG-IUS group and 25.7 weeks (95%CI, 17.0-34.4) in MA+LNG-IUS group, with no
significant statistical difference among the three groups (log-rank P=0.316) (Table 2; Fig.2).

Among the 166 patients who achieved CR, 14 patients recurred during the follow up (Fig.1). The median
follow-up after CR was 22.8 months (range, 0.0-44.3). The overall cumulative 1-year and 2-year recurrence
rate after CR was 4.6% and 8.6%, without significant difference among the three groups (Fig.3A).

Among the 166 patients who achieved CR, 47 patients planned for parenthood. The pregnancy rate was
76.6% (36/47) in total, 66.7% (12/18) in MA group, 81.3% (13/16) in LNG-IUS group and 84.6% (11/13) in
MA+LNG-IUS group without significant statistical difference among groups (Fig.1). Of the 36 women who
had a successful pregnancy, 18 had a live birth, 12 had a miscarriage and 6 were still in pregnancy at the
last follow up. The cumulative 1-year pregnancy rate after CR was 40.7% in MA group, 37.5% in LNG-IUS
group and 38.5% in MA+LNG-IUS group (Fig.3B).

COMMENT

Main findings

Our data showed that LNG-IUS achieved higher 16-week CR rate than oral MA treatment. LNG-IUS had
the fewest adverse events compared with MA or MA+LNG-IUS. We did not find better treatment effect
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. using MA+LNG-IUS compared with MA or LNG-IUS alone. No difference was found in recurrence rate or
pregnancy rate among the three groups.

Strengths and Limitations

To our knowledge, this is the first prospective study with the largest sample size (n=180) and randomized
controlled design, investigating the effect of systemic oral progestin with or without LNG-IUS on fertility-
preserving outcome in AEH patients. However, it is undeniable that several limitations in this study warrant
further discussion. First, it was a single-center phase II study. The lack of double-blind design and placebo
was also a weakness of the clinical trial. Moreover, all three treatment groups were combined with hys-
teroscopic evaluation and resection of endometrial lesion, which might conceal the difference in efficacy of
the regimens. In addition, the follow-up time after complete response was relatively short. The rates of
recurrence, pregnancy and live birth will be further analyzed after all patients have been followed up for two
years. Finally, the rate of lost to follow-up in our study is relatively high (26.6% and 17.1% at 16 weeks and
32 weeks of treatment), which may reduce the accuracy of the results. Some patients eventually delayed or
cancelled the hysteroscopy for various reasons, such as the COVID-19 quarantine, vaginitis, the conflict with
their working hours, resulting in a high rate of lost follow-up.

Interpretation

The main findings of our study that LNG-IUS achieved higher 16-week CR rate than MA in AEH patients
were consistent with findings from previous retrospective studies 12, 13. A meta-analysis evaluating 24 ob-
servational studies showed that oral progestin achieved lower pooled regression rate (69% vs. 90%, P=0.03)
compared with LNG-IUS in AEH patients 13. Although our study for the first time provides evidence from
prospectively randomized and controlled trial, the sample size was not large enough to draw a conclusion.
Further confirmation is needed in phase III study with sufficient sample size.

Our study also found that LNG-IUS was associated with fewer adverse events than MA or MA+LNG-IUS.
This is important because fertility preserving treatment takes long time which is at least four to six months
7-9. Long-term usage of MA might cause many adverse events such as weight gain, edema, vomiting that
affect quality of daily life, and even cause thrombosis which is life-threatening4. In this context, LNG-IUS
instead of oral progestin might provide patients with higher life-quality for less and milder side-effects, and
thus, might increase the patient compliance of fertility-sparing treatment 35-37.

Data in our study suggested that the efficacy of LNG-IUS alone might be better than MA alone in AEH
patients with BMI[?]28 kg/m2. This is important because obesity has been shown to be the most important
factor adversely affecting the fertility-preserving treatment in AEH and EEC patients24, 38, 39. Long term
oral progestin usage might also lead to higher risk of thromboembolism in obese women. Our results support
that LNG-IUS might be more suitable in AEH patients with BMI[?]28 kg/m2.

Our data did not find better treatment effect using LNG-IUS plus MA compared with LNG-IUS or MA
alone, which was an unexpected result. It might be because LNG is a highly effective progestin, and the
drug concentration of LNG using LNG-IUS could reach nearly a thousand times in endometrium than oral
MA 40. Thus, LNG-IUS alone is effective enough on endometrial lesion, and adding systemic MA could not
add more value on the treatment effect in endometrial lesion.

In our study, differences in the CR rate between groups became less significant from 16 weeks to 32 weeks
of treatment. The reason might be that all patients received hysteroscopic evaluation and treatment which
had been shown to effectively increase the CR rate in AEH and EEC patients 8. With the prolongation of
treatment time, the effect of lesion removal by hysteroscopy plays important role in improving treatment
effect regardless of the different type of progestin treatment.

Conclusions

In conclusion, our data showed that LNG-IUS achieved higher 16-week CR rate than oral MA treatment.
LNG-IUS had the fewest adverse events compared with MA or MA+LNG-IUS. MA+LNG-IUS did not
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. achieve higher treatment effect compared with MA or LNG-IUS alone. Our data support the usage of
LNG-IUS as first line choice for fertility sparing treatment in AEH patients with proper uterine cavity size.
Phase III clinical trials including a sufficient number of patients are needed to further validate the efficacy
of LNG-IUS in AEH patients.
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Table 1. Fertility preserving treatment outcome.

Outcome 16-week CR rate 32-week CR rate CR time (weeks, median and 95%CI) 1-year cumulative recurrence rate 2-year cumulative recurrence rate 1-year cumulative pregnancy rate

MA group 25.6% (11/43) 78.3% (36/46) 29.2 (24.4-33.9) 8.0% 10.5% 40.7%
LNG-IUS group 45.7% (21/46) 82.7% (43/52) 19.2 (16.1-21.8) 3.7% 7.2% 37.5%
MA+LNG-IUS group 37.2% (16/43) 79.2% (38/48) 25.7 (17.0-34.4) 2.1% 4.8% 38.5%
Pa 0.143 0.842 0.316 / / /
Pb 0.049 0.580 0.118 / / /
Pc 0.245 0.915 0.496 / / /
Pd 0.419 0.653 0.471 / / /
OR/HRb (95%CI) 2.44 (1.00-6.00) 1.33 (0.49-3.62) 1.34 (0.93-1.94) / / /
OR/HRc (95%CI) 1.72 (0.69-4.34) 1.06 (0.39-2.84) 1.14 (0.78-1.66) / / /
OR/HRd (95%CI) 0.71 (0.30-1.65) 0.80 (0.29-2.16) 0.87 (0.60-1.27) / / /

a Comparison between three groups;

b Comparison between MA group and LNG-IUS group.

c Comparison between MA group and MA+LNG-IUS group.

d Comparison between LNG-IUS group and MA+LNG-IUS group.

P-value<0.05 was the significant threshold in analysis.

Abbreviation: CR, complete response; MA, megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauter-
ine system; OR, odds ratio; HR, hazard ratio; 95%CI, 95% confidence interval.

Table 2. Subgroup analysis of complete response rates at 16 weeks.

16-week CR rate MA group LNG-IUS group MA+LNG-IUS group Pa Pb Pc

Age [?] 30 years 25.0% (7/28) 48.4% (15/31) 32.3% (10/31) 0.154 0.064 0.539
Age < 30 years 26.7% (4/15) 40.0% (6/15) 50.0% (6/12) 0.455 0.439 0.257
IR* 27.3% (3/11) 33.3% (3/9) 21.4% (3/14) 0.887 1.000 1.000
Non-IR* 25.0% (8/32) 48.6% (18/37) 44.8% (13/29) 0.109 0.043 0.104
BMI [?] 28 kg/m2 0.0% (0/12) 41.7% (5/12) 14.3% (2/14) 0.030 0.037 0.483
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. 16-week CR rate MA group LNG-IUS group MA+LNG-IUS group Pa Pb Pc

BMI < 28 kg/m2 35.5% (11/31) 47.1% (16/34) 48.3% (14/29) 0.534 0.344 0.315
MS 23.5% (4/17) 42.1% (8/19) 29.4% (5/17) 0.472 0.238 1.000
Non-MS 26.9% (7/26) 48.1% (13/27) 42.3% (11/26) 0.265 0.111 0.244
Hypertension 25.0% (2/8) 100.0% (3/3) 10.0% (1/10) 0.013 0.061 0.559
Non-hypertension 25.7% (9/35) 41.9% (18/43) 45.5% (15/33) 0.192 0.136 0.089
Diabetes 25.0% (1/4) 66.7% (2/3) 0.0% (0/3) 0.400 0.486 1.000
Non-Diabetes 25.6% (10/39) 44.2% (19/43) 40.0% (16/40) 0.195 0.079 0.174

a Comparison between three groups;

b Comparison between MA group and LNG-IUS group.

c Comparison between MA group and MA+LNG-IUS group.

P-value<0.05 was the significant threshold in analysis.

* IR: HOMA-IR[?]2.95; Non-IR: HOMA-IR<2.95.

Abbreviation: CR, complete response; MA, megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauter-
ine system; IR, insulin resistance; BMI, body mass index; MS, metabolic syndrome.

Table 3. Safety analysis of the patients who received study drugs.

Toxicity
MA group
(n=58)

LNG-IUS
group
(n=60)

MA+LNG-
IUS group
(n=54) Pa Pb Pc Pd

Weight gain:
Grade 1-2
Grade 3

35 (60.3) 25
(43.1) 10
(17.2)

7 (11.7) 5
(8.3) 2 (3.3)

33 (61.1) 24
(44.4) 9
(16.7)

<0.001 <0.001 0.934 <0.001

Increased
nocturnal
urine:
Grade 1-2

29 (50.0) 13 (21.7) 30 (55.6) <0.001 0.001 0.556 <0.001

Night
sweats:
Grade 1-2

23 (39.7) 9 (15.0) 22 (40.7) 0.003 0.003 0.907 0.002

Insomnia:
Grade 1-2

21 (36.2) 8 (13.3) 18 (33.3) 0.010 0.004 0.750 0.011

Libido
decreased:
Grade 1-2

21 (36.2) 15 (25.0) 23 (42.6) 0.132 0.186 0.489 0.047

Breast
pain:
Grade 1-2

19 (32.8) 12 (20.0) 13 (24.1) 0.270 0.115 0.309 0.600

Fatigue:
Grade 1-2

18 (31.0) 14 (23.3) 22 (40.7) 0.135 0.347 0.284 0.046

Edema
face:
Grade 1-2

14 (24.1) 3 (5.0) 14 (25.9) 0.005 0.003 0.827 0.002
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.

Toxicity
MA group
(n=58)

LNG-IUS
group
(n=60)

MA+LNG-
IUS group
(n=54) Pa Pb Pc Pd

Vaginal
dryness:
Grade 1-2
Grade 3

13 (22.4) 12
(20.7) 1
(1.7)

9 (15.0) 9
(15.0) 0
(0.0)

16 (29.6) 16
(29.6) 0
(0.0)

0.170 0.301 0.384 0.059

Abdominal
distension:
Grade 1-2

12 (20.7) 10 (16.7) 17 (31.5) 0.153 0.575 0.193 0.063

Back pain:
Grade 1-2

12 (20.7) 10 (16.7) 17 (31.5) 0.153 0.575 0.193 0.063

Dizziness/Headache:
Grade 1-2

11 (19.0) 12 (20.0) 14 (25.9) 0.629 0.887 0.377 0.451

Vaginal
hemor-
rhage:
Grade 1-2

11 (19.0) 16 (26.7) 25 (46.3) 0.005 0.319 0.002 0.029

Abdominal
pain:
Grade 1-2

10 (17.2) 3 (5.0) 8 (14.8) 0.099 0.034 0.727 0.076

Constipation:
Grade 1-2

10 (17.2) 5 (8.3) 7 (13.0) 0.350 0.146 0.528 0.421

Hypertension:
Grade 1-2
Grade 3

10 (17.2) 9
(15.5) 1
(1.7)

6 (10.0) 6
(10.0) 0
(0.0)

7 (13.0) 7
(13.0) 0
(0.0)

0.510 0.251 0.528 0.619

Alopecia:
Grade 1-2

9 (15.5) 9 (15.0) 13 (24.1) 0.376 0.938 0.255 0.220

Increased
alanine
amino-
trans-
ferase:
Grade 1-2

7 (12.1) 1 (1.7) 4 (7.4) 0.085 0.025 0.407 0.188

Diarrhea:
Grade 1-2

6 (10.3) 2 (3.3) 7 (13.0) 0.165 0.130 0.666 0.082

Rash:
Grade 1-2

6 (10.3) 3 (5.0) 12 (22.2) 0.017 0.274 0.087 0.007

Dyspareunia:
Grade 1-2

6 (10.3) 5 (8.3) 12 (22.2) 0.066 0.707 0.087 0.038

Nausea:
Grade 1-2

5 (8.6) 3 (5.0) 8 (14.8) 0.193 0.487 0.306 0.076

Leukocytosis:
Grade 1-2

5 (8.6) 3 (5.0) 5 (9.3) 0.644 0.487 1.000 0.474

Pruritus:
Grade 1-2

5 (8.6) 1 (1.7) 9 (16.7) 0.018 0.111 0.198 0.005

Hypercoagulable
status Grade
1-2

2 (3.4) 0 (0.0) 1 (1.9) 0.359 0.147 1.000 0.474

Vomiting:
Grade 1-2

1 (1.7) 0 (0.0) 3 (5.6) 0.076 0.492 0.351 0.103
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Toxicity
MA group
(n=58)

LNG-IUS
group
(n=60)

MA+LNG-
IUS group
(n=54) Pa Pb Pc Pd

Thromboembolic
event

0 (0.0) 0 (0.0) 0 (0.0) / / / /

Breast
cancer

0 (0.0) 0 (0.0) 0 (0.0) / / / /

P-value showed the difference in total adverse events between different groups. Chi-square test was used, or
Fisher exact test was performed when expect counts were less than 5.

a Comparison between three groups;

b Comparison between MA group and LNG-IUS group.

c Comparison between MA group and MA+LNG-IUS group.

d Comparison between LNG-IUS group and MA+LNG-IUS group.

P-value<0.05 was the significant threshold in analysis. Safety analyses were assessed in patients who received
study drugs for more than 3 months. Eventually, 172 out of 180 patients were included.

Abbreviation: MA, megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauterine system.

Figure legends

FIGURE 1. Flow diagram.

a Patients missed endometrial evaluation at 16 or 32 weeks but reached CR at subsequent endometrial
evaluation were excluded for 16 or 32-week CR rate analysis.

b One patient in LNG-IUS group was included in the modified intention-to-treat analysis with no lesions
detected at the initial hysteroscopic evaluation.

c Two patients in MA+LNG-IUS group were included in the modified intention-to-treat analysis with no
lesions detected at the initial hysteroscopic evaluation. However, one of the them was not included in the
safety analyses because MA was not used in the subsequent three months of treatment consolidation.

d In MA group, 2 patients had endometrial hyperplasia and 4 patients had AEH after CR.

e In LNG-IUS group, 2 patients had hyperplasia and 2 patients had AEH after CR.

f In MA+LNG-IUS group, 2 patients had hyperplasia, 1 patient had AEH, and 1 patient developed EC after
CR.

Abbreviations: AEH, atypical endometrial hyperplasia; MA, megestrol acetate; LNG-IUS, levonorgestrel-
releasing intrauterine system; HSC, hysteroscopy; CR, complete response; PR, partial response; SD, stable
disease; EC, endometrial cancer.

FIGURE 2. Complete response rate and median CR time.

Kaplan-Meier survival curves for cumulative CR rate in patients received treatment.

Abbreviations: AEH, atypical endometrial hyperplasia; CR, complete response; HR, hazard ratio; MA,
megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauterine system; 95%CI, 95% confidence interval.

FIGURE 3. Recurrence rate and pregnancy rate of the patients achieved complete response.

(A) 1-year and 2-year cumulative recurrence rate after CR. (B) 1-year cumulative pregnancy rate after CR.
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a Comparison between three groups;

b Comparison between MA group and LNG-IUS group.

c Comparison between MA group and MA+LNG-IUS group.

P-value < 0.05 was the significant threshold in analysis.

Abbreviations: AEH, atypical endometrial hyperplasia; CR, complete response; HR, hazard ratio; MA,
megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauterine system; 95%CI, 95% confidence interval

FIGURE S1. Weight change during treatment in three groups.

*P-value < 0.05 was considered statistically significant.

Abbreviations: MA, megestrol acetate; LNG-IUS, levonorgestrel-releasing intrauterine system

Hosted file

Table 1.docx available at https://authorea.com/users/477638/articles/566152-comparison-of-

the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-

on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-

prospective-open-label-randomized-controlled-phase-ii-study

Hosted file

Table 2.docx available at https://authorea.com/users/477638/articles/566152-comparison-of-

the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-

on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-

prospective-open-label-randomized-controlled-phase-ii-study

Hosted file

Table 3.docx available at https://authorea.com/users/477638/articles/566152-comparison-of-

the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-

on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-

prospective-open-label-randomized-controlled-phase-ii-study

14

https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study
https://authorea.com/users/477638/articles/566152-comparison-of-the-effect-of-levonorgestrel-intrauterine-system-with-or-without-oral-megestrol-acetate-on-fertility-preserving-treatment-in-patients-with-atypical-endometrial-hyperplasia-a-prospective-open-label-randomized-controlled-phase-ii-study


P
os

te
d

on
A

u
th

or
ea

20
A

p
r

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

04
74

06
.6

91
85

81
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

15


