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ABSTRACT

Objective: To conduct a systematic review and meta-analysis of studies evaluating the
oncological and fertility outcomes of early-stage endometrial cancer (EC) treated with the
levonorgestrel-releasing intrauterine system (LIUS)-based regimens.

Methods: The Meta-analyses Of Observational Studies in Epidemiology statement for meta-
analyses was followed. Searches were conducted on MEDLINE, Embase, PubMed, Preprints,
and the Cochrane Central Register of Controlled Trials from January 1990 to August 4, 2022.
The Joanna Briggs Institute Critical Appraisal Checklist was used for quality assessment. The
primary endpoint was the complete response (CR) rate and the secondary endpoints were
relapse, pregnancy, and live birth rate.

Results: A total of 25 studies (821 women) were included. The CR rate of LIUS-based
regimens was 63.4% (95% confidence interval [CI]=52.3%-73.2%), with 29.6% (95%
CI=23.3%—-36.8%) of cases experiencing recurrence during follow-up. In sensitivity analyses,
patients younger than 45 years of age with a body mass index <30 kg/m? who were treated
with LIUS-based regimens achieved a high CR rate of 84.6% (95% CI=80.3%-88.1%) over

a median follow-up of more than 24 months. Overall pregnancy and live birth rates were
37.9% (95% CI=24.1%-53.9%) and 39.3% (95% CI=24.0%-57.0%), respectively. No statistical
differences were apparent in CR or relapse rates among the LIUS+GnRH agonist, LIUS+oral
progesterone, or hysteroscopic resection followed by LIUS subgroups.

Conclusion: LIUS-based therapies are viable for the conservative management of early-stage
endometrioid EC on CR and fertility outcome.

Trial Registration: PROSPERO Identifier: CRD42022352890

Keywords: Endometrial Cancer; Intrauterine Devices; Mirena; Progesterone;
Conservative Management; Fertility Preservation

Synopsis

Women younger than 45 with body mass index <30 kg/m2 achieved a high complete
response rate of 84.6% (95% confidence interval=80.3%—88.1%) with follow-ups of at
least 24 months after levonorgestrel-releasing intrauterine system-based therapies of
endometrioid endometrial cancer.
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INTRODUCTION

Endometrial cancer (EC) is the most prevalent gynecological cancer in developed countries,
with annual new diagnosis rates increasing globally. Among all ECs, endometrioid histology

is the most common (80%), and obesity is a major underlying cause [1]. Surgical resection

is the standard therapy for EC. However, this procedure may not be ideal for women with co-
morbidities, when operating is difficult, or for preserving fertility. Thus, the search for viable
non-surgical treatments for this population is ongoing. In the mid-20th century, progestational
agents were successfully given as adjuvant or primary therapies in patients with metastatic
endometrial carcinoma [2]. Later, these agents were used as an alternative to hysterectomy

for young women with EC who had not completed childbearing. Systemic progestogens, such
as medroxyprogesterone acetate (MPA) and megestrol acetates (MA), are efficacious in the
treatment of hormone-sensitive, early-stage, well-differentiated endometrioid endometrial
cancer (EEC), with a response rate of around 75.3%-88.7% and approximately 15.8%—-35.2% of
those cases experienced recurrence and requiring a hysterectomy [3]. However, progesterone
receptors are often downregulated, leading to a relatively short therapeutic duration. In
addition, systemic therapy is associated with low compliance rates due to adverse effects,
including weight gain, nausea, abnormal uterine bleeding, and an increased risk of breast
cancer [4]. Local progesterone delivery to uterus lesions could achieve the desired therapeutic
outcomes for these individuals, concurrently avoiding any associated systemic adverse effects.

The levonorgestrel-releasing intrauterine system (LIUS, Mirena®; Bayer Global, Leverkusen,
Germany) was initially introduced for contraceptive use in the mid-1970s. LIUS is a T-shaped
device that releases high local concentrations of levonorgestrel (20 pg/day) into the

uterine cavity over 5 years, with relatively low levels appearing in the serum. This leads to
decidualization of the stroma, mucosal thinning, and, eventually, suppression of endometrial
growth. In 2002, Montz et al. [5] first reported using a progesterone-containing intrauterine
device in treating early-stage EEC with a favorable response rate and limited adverse effects.
Since then, local progesterone devices have been increasingly utilized as an alternative to

oral progesterone (OP) for fertility preservation in EEC patients. Despite the most common
fertility-sparing option being systemic hormone therapy (HT), LIUS-based therapies
combining LIUS with GnRH agonist (GnRHa), OP, an aromatase inhibitor, or hysteroscopic
resection (HR) are continuously adopted for select EEC patients and represent promising
conservative alternatives to the management of ECC. In fact, high response and pregnancy
rates (75% and 47%) after LIUS-based treatment were observed in patients with G1 EEC [6].
However, some authors recommended interpreting the data with caution due to the highly
variable response rate in the LIUS-based management of EEC [7-10]. Previously, no systematic
reviews have focused on the outcomes of LIUS in treating early-stage EEC. Given the
significantly different oncological outcomes of HT between atypical endometrial hyperplasia
(AEH) and EC, this study aims to determine the effectiveness of LIUS-based therapies for
conservative treatment on oncologic and reproductive outcomes in patients with EEC.

MATERIALS AND METHODS

1. Identification of literature

Meta-analyses Of Observational Studies in Epidemiology (MOOSE) guidance for systematic
reviews of observational studies was followed (Fig. S1). The inclusion criteria for this
systematic review were women with EC who received LIUS-based treatments with disease
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Records identified Additional records
through database identified through
searching other sources
(n=371) (n=12)
H No. of duplicates (n=50)
A \ 4

Records after
duplicates removed

(n=333)
Exclude (n=256):
P - Unrelated records
A - Reviews

Records screened
(n=77)

Full-text articles excluded (n=35):
- Irrelevant outcomes

P - Trials unfinished

A - Meeting abstract

- Intervention without LIUS

- Note to the authors

Full-text articles
assessed for eligibility
(n=42)

Exclude (n=17):
P - Data of EEC or LIUS cannot be extracted
A - Duplicate cases involved

Primary articles fulfiling
inclusion criteria
(n=25)

Fig. 1. Study flow diagram.
EEC, endometrioid endometrial cancer; LIUS, levonorgestrel-releasing intrauterine system.

regression or relapse outcomes. The Embase, MEDLINE, PubMed, Preprints, and Cochrane
Central Register of Controlled Trials databases were searched for articles published between
January 1990 and August 4, 2022. The detailed study scheme and search strategies are
described in Fig. 1 and Table S1. References in relevant primary publications were hand-
searched to identify other eligible studies. Language or geographical restrictions were not
applied during the search and selection process. Searches were independently conducted by
investigators HW. and N.DP.

2. Study selection

Studies were selected if the participants included women histologically diagnosed with EEC
that was presumed stage IA, grade 1 or grade 2; the treatments included LIUS or LIUS-based
regimens; and the outcome included histologic disease regression rate, as assessed via
endometrial biopsy or hysterectomy specimen. Controlled and uncontrolled study designs
were included. Non-English language manuscripts, disease with stage IB-IV, review articles,
comments or those with the same patient information, posters, case series <5 patients, and
articles where it was impossible to separate patients with AEH from those with EC were
excluded. Studies were selected through a 2-stage process. First, the titles and abstracts from
the electronic searches were scrutinized by 2 independent reviewers (HW. and N.P.), and
full manuscripts of all citations that met the predefined selection criteria were obtained.
Secondly, final inclusion or exclusion decisions were made upon examination of the
complete manuscripts (HW. and W.G.). In cases of duplication, the most recent or complete
publication was used. A third reviewer was consulted in cases without consensus (C.M.).
Excluded studies and exclusion justification are presented in Table S2.
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3. Data extraction

Data were extracted by 2 independent reviewers (HW. and Z.D.). Study population (country,
number of participants, age, body mass index [BMI], histologic grade, indications, treatment
protocol, type of diagnostic method, and follow-up time), study period, study design, and the
significant outcomes (complete response [CR] to treatment, recurrence, pregnancies, and
live births) were collected.

4. Quality assessment

The quality of the included studies was assessed using the Joanna Briggs Institute (JBI)
Critical Appraisal Checklist for cohort/case series studies. Two independent reviewers (W.Z.
and N.P.) performed quality assessments, and a third reviewer (G.X.) was consulted if no
consensus could be reached.

5. Statistical analysis

The primary endpoint for this meta-analysis was the CR rate for different LIUS-based
treatments for patients with EEC. The secondary endpoints were relapse rate, pregnancy, and
live birth rate. The outcome incidence was explored using a random or fixed effects model

to combine data. Event rates with a 95% confidence interval (CI) were extracted from each
study. The I? statistic was used to study heterogeneity. A random-effects model was used for

I? statistics >50%; otherwise, the fixed-effect model was employed. Sensitivity analyses were
performed using the leave-one-out strategy, as well as by repeating the meta-analyses in subsets
of studies defined by criteria related to age (<45 years old), type of LIUS-based treatment,

and follow-up time (6-12, 12-24, 24-36, and >36 months). In addition, publication bias on

the primary endpoint was assessed by constructing funnel plots by Egger’s test (Fig. $2). All
analyses were performed using Comprehensive Meta-Analysis statistical software, version 3.0
(Biostat, Englewood, NJ, USA).

6. Ethics approval
Ethical approval was not required for meta-analysis and systematic review.

7. Study registration
A protocol was prospectively registered in PROSPERO as CRD42022352890.

RESULTS

1. Basic characteristics of included studies

The search queries returned 371 records (50 duplicates), which were screened based on

title and abstract. Twelve additional studies were identified through hand-searching. There
were no unpublished studies included. Among these, 256 were excluded after the title and
abstract review because they did not fulfill the selection criteria. Full manuscripts of the
remaining 42 articles were assessed concerning their eligibility for inclusion, and 25 studies
(821 women with clinical stage 1A, G1-G2, EEC managed with LIUS-based conservative
treatment) were included in the systematic review (Table 1, Fig. 1). The studies had either a
cohort (40%) or case series (60%) design. Seven studies were prospectively designed, and
18 were retrospectively designed. Trials originated in Italy (n=8), USA (n=6), Korea (n=5),
Australia (n=3), Russia (n=2), and Spain (n=1). The median age across the studies ranged
from 30 to 69, and 9 studies (36%) included women aged 45 or older with an average BMI >30
kg/m?, and mean BMI varied between 14.8-79.0 kg/m?. The mean follow-up length across
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A Overall CR rate

S name Statistics for each study Event rate and 95% Cl
Event Lower Upper Relative
rate limit limit p-Value Total weight
Pino, 1. (2022) 0.747 0.637 0.832 0000 56/75 = 5.08
Lago,V.(2022) 0.872 0.727 0.946 0000 34/39 - 4.42
Westin, S. N.,(2021). 0.583 0.233 0.759 0.79%6 8/15 429
Sengal, A T.(2021) 0.152 0.065 0.316 0.000 5/33 = 4.40
Roh HJ £021) 0.920 0.731 0.980 0.001 23/25 - 3.62
Raffone, A.,(2021) 0.286 0.072 0.673 0.273 2/7 — 320
Novikova, O. V.,(2021) 0.890 0.832 0.929 0.000 145/ 163 || 512
Janda, M,(2021) 0.466 0.365 0.570 0523 41/88 » 5.20
Falcone, F.,(2020) 0.750 0.492 0.903 0057 12/ 16 - 4.08
Leone Roberti Maggiore, U.,(2019) 0.800 0.572 0.923 0013 16/20 — 414
Kim, M K.,(2019) 0.371 0.229 0.540 0.133 13/ 35 4 484
Giampaolino, P.,(2019). 0.786 0.506 0.929 0046 11/14 —i 3.82
Casadiio, P.,(2019) 0.950 0.525 0.997 0.042 9/9 —a 1.75
Chae, S. H.,(2019) 0.602 0.511 0.686 0.028 71/118 - 525
Pal, N.,(2018) 0.204 0.128 0.542 0.100 5/17 - 4.24
Hwang, J. Y.,(2017). 0.600 0.200 0.900 0.657 3/5 —— 297
Mamach, M L.,(2017) 0.22 0.088 0.465 0.027 4/18 - 412
Baker, W. D.,(2017) 0.375 0.179 0623 0.323 6/16 - 429
Falcone, F.,(2017) 0.909 0.700 0.977 0002 20/ —i 351
Kim, M K ,(2013). 0.875 0.614 0.969 0010 14/16 —= 346
Hubbs, J. L.,(2013) 0.304 0.153 0515 0.068 7123 - 4.51
Pashov, A 1.,(2012) 0.958 0.575 0.997 0030 1M/1 —a 1.76
Mnig, L.,(2011). 0.571 0.316 0.794 0.594 8/14 421
Cade, T. J.,(2010) 0.667 0.376 0.869 0.258 8/12 3.9%
wheeler,D.T.(2007) 0.600 0.297 0.842 0.530 6/10 384

0.634 0.523 0.732 0.019

-1.00 -0.50 0.00 0.50 1.00

Heterogeneity (l-squared=84.267%, Tau-squared=1.002, p=0.00); Randomed effects model
B Pooled CR rate of subgroup 1

Study name Statistics for each study Event rate and 95% Cl

Event Lower Upper Relative

rate limit limit  p-Value Total weight
Pino, |. (2022) 0.747 0.637 0.832 0000 56/75 = 3287
Lago,V.(2022) 0.872 0.727 0.946 0000 34/39 - 10.10
RohHJ £021) 0.920 0.731 0.980 0001 28/25 — 4.26
Novikova, O. V.,(2021) 0.890 0.832 0.929 0.000 145/163 | | 37.09
Leone Roberti Maggiore, U.,(2019)  0.800 0.572 0.923 0013  16/20 — 741
Falcone, F.,(2017) 0.909 0.700 0.977 0002 20/ — 4.21
Kim, M K., (2013). 0875 0.614 0.969 0010  14/16 —_— 4.05
0.846 0.803 0.881 0.000 ¢
-1.00 0.50 0.00 0.50 1.00
Heterogeneity (I-squared=40.748%, Tausquared=0.130, p=0.119); Fixed effects model
C Pooled CR rate of subgroup 2
Study name Statistics for each study Eventrate and 95% Cl
Event Lower Upper Relative
rate limit limit p-Value Total weight

Pal, N.,(2018) 0.294 0.128 0.542 0.100 5/17 29.05
Baker, W. D,,(2017) 0.375 0.179 0.623 0323 6/16 30.87
Hubbs, J. L.,2013) 0.304 0.153 0.515 0.068 7/23 40.08

0.322 0.213 0.455 0.010
-1.00 -0.50 0.00 0.50 1.00

Heterogeneity (I-squared=0.00%, Tau-squared=0.00, p=0.861); Fixed effects model

Fig. 2. CR rate in women treated with LIUS-based therapies. (A) Overall CR rate in women treated with LIUS-
based therapies. (B) Pooled CR rate of LIUS-based regimens in women younger than 45, BMI <30 kg/m? with follow
up time >24 months (study sample size >15). (C) Pooled CR rate of LIUS-based regimens in women older than 45,
BMI >30 kg/m? with follow up time >24 months (study sample size >15).

BMI, body mass index; CI, confidence interval; CR, complete response; LIUS, levonorgestrel-releasing intrauterine
system.

the studies ranged from 6 to 92 months. LIUS insertion indications included medical co-

morbidities, morbid obesity, desire for future childbearing potential, or patient choice. One
study presented 20 patients with myometrium infiltration less than 2 mm on MRI [11]. The
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18 studies enrolled the patients without myometrium invasion. The cases of myometrium
involvement in 6 studies were unavailable [7,12-16]. Four progesterone treatment regimens
were involved in these studies, including LIUS monotherapy and HR followed by LIUS,
LIUS+GnRHa, and LIUS+OP. The grade of carcinoma (grade 1 or 2) being treated also varied
between the studies. Quality assessment of the included studies was performed using the JBI
Critical Appraisal Checklist for cohort studies and case series studies (Tables S3 and $4).

LIUS-based therapies for endometrial cancer

2. Primary outcomes

Based on a meta-analysis of 25 studies (821 women), the total CR rate of early EC (grade 1 and
2) treated with LIUS-based regimens was achieved in 63.4% of cases (95% CI=52.3%-73.2%;
1’=84.3%; Fig. 2A).

Sensitivity analyses with the leave-one-out strategy did not significantly affect the results.
The greatest difference was 2.2% in CR rate (65.6%; 95% CI=55.0%-74.8%; I*=82.4%) when
excluding Sengal et al. [8], although this difference was not significant (Fig. $3). Further
sensitivity analyses revealed that the most prominent differences from the primary meta-
analyses were observed when pooling subsets of studies that included women of ages 45

or younger, BMI <30 kg/m?, LIUS-based treatment with HR, OP or GnRHa, or with at least
24 months of follow-up (Table 2). According to the results of sensitivity analyses, further
subset meta-analysis of 7 studies (360 women with mean age <45, BMI <30 kg/m?, follow-up
time >24 months, samples >15) [6,11-13, 1719] revealed the highest CR rate of 84.6% (95%
CI=80.3%—88.1%; I*=40.7%; Fig. 2B). LIUS-based regimens varied in the 7 included studies.
Two studies used LIUS alone, most commonly for at least 6 months; 2 administered LIUS
with oral progestins; 2 combined LIUS with GnRHa and/or oral progestins, and the final
survey, LIUS insertion was preceded by HR.

The subgroup of 9 studies (229 women) with a mean age >45 [7,8,14,15,20-24] had a
significantly lower CR rate of 38% (95% CI=26.6%-50.9%; I>=61.6%) and women in these
subgroups also had a higher mean BMI greater than 30 kg/m?. In a subgroup of 9 studies with
a BMI 230 kg/m? (8 studies overlapped the subgroup of age >45), a lower CR rate of 35.8%

Table 2. Sensitivity analyses in subsets of studies on LIUS-based conservative management of early-stage endometrial cancer

Subset CR Relapse Pregnancy Live birth
No. of Estimate 12 No. of Estimate 12 No. of Estimate 12 No.of Estimate 12 (%)
women/  (95% CI; %) (%) women/ (95%CI; %) (%) women/ (95%Cl;%) (%) women/ (95% Cl; %)
Studies Studies Studies Studies

Mean age (yr)
<45 (sample size >10) 580/14 77.5(67.2-85.3) 79.9 155/7 25.8(14.3-42.0) 61.2 126/5 43.6(34.7-53.0) 65.0 110/4 45.4(27.8-64.2)64.2

>45 299/9 38.0(26.6-50.9) 61.6 28/4 36.1(18.9-57.8) 22.0 - - - - -
Mean BMI (kg/m?)
BMI <30 569/14 74.6(63.3-83.4) 80.9 155/8 28.7(21.7-36.9) 47.0 141/8 42.2(24.9-61.6) 63.8 125/7 45.1(26.8-64.8)61.8
BMI 230 219/8 35.8(24.3-49.4) 63.4 35/5 41.4(24.8-60.2) 16.4 - - - - - -
Type of treatment
LIUS 249/10 52.0(32.6-55.8) 75.1 48/6 45.1(31.0-60.0) 0.0 13/2 65.0(2.9-99.1) 81.1 13/2 57.3(4.9-97.2) 78.5
LIUS+HR 68/5 76.9(52.8-90.8) 60.4 50/5 17.9(9.0-32.4) 0.0 17/2 62.9(4.0-98.6) 88.3 17/2 55.5(6.3-95.9) 79.4
LIUS+OP 243/6 71.4(52.5-84.9) 80.7 21/4 23.4(15.8-33.2) 0.0 94/4 39.4(29.8-49.9) 25.9 78/3 39.9(29.5-51.3) 2.34
LIUS+GnRHa 195/4 80.4(52.4-93.8) 85.9 19/2 16.9(4.8-45.1) 33.6 33/3 39.2(23.0-58.2) 54.9 33/3 33.3(18.4-52.7)51.6
Mean follow-up (mo)
6-12 284/6 47.4(36.6-58.5) 69.8 79/2 26.7 (18.1-37.5) 0.0 - - - -
12-24 47/2 44.0(3.9-93.8) 92.7 16/2 35.3(7.8-77.9) 60.4 - - - - - -
24-36 244/6 70.5(45.3-87.4) 86.5 47/5 32.9(14.8-58.1) 52.8 29/3 17.5(7.5-35.7) 0.0 13/2 15.7(3.9-45.9) 0.0
>36 246/11 73.5(52.3-85.0) 76.0 58/6 29.6(17.8-45.0) 44.1 79/6 50.7 (25.0-76.0) 64.6 79/6 44.8(20.3-72.0) 68.2

BMI, body mass index; Cl, confidence interval; CR, complete response; GnRHa, gonadotropin-releasing hormone agonist; HR, hysteroscopic resection; LIUS,
levonorgestrel-releasing intrauterine system; OP, oral progesterone.
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was also observed (95% CI=24.3%—49.4%, 1>=63.4%). LIUS monotherapy was used in 7
studies [7,8,15,21-24], LIUS+HR in one study[18], and LIUS+Metformin+Weight loss in one
study [14]. Meta-analysis of 3 studies (56 women with mean age >45, BMI >30 kg/m?, follow-
up time >24 months, samples >15) [15,21,23] revealed the lowest CR rate of 32.2% (95%
CI=21.3%—45.5%; I’=0.0%, Fig. 2C). LIUS monotherapy was adopted in these 3 studies.

LIUS-based therapies for endometrial cancer

Conservative treatments of LIUS combined with HR, GnRHa, or OP were most commonly
used in women younger than 45. CR rates of each combination therapy group did not show
significant differences. The CR rate of the LIUS+HR, LIUS+OP, and LIUS+GnRHa subgroups
were 76.9% (95% CI=52.8%—-90.8%; 1>=60.4%), 71.4% (95% CI=52.5%-84.9%; 1>=80.7%),
and 80.4% (95% CI=52.4%-93.8%, I’=85.9%), respectively. In those who received LIUS
monotherapy (10 studies, 249 women), a relatively lower CR rate was observed, 52.0% (95%
CI=32.6%-55.8%; I>=0.0%) [7,12,14,15,21-25]. Among these ten studies, the mean age in 7
studies was greater than 45. CR rate gradually increased from 47.4% (95% CI=36.6%-58.5;
’=69.8%) with a median follow-up of 6-12 months to 73.5% (95% CI=52.3%-85.0%;
I?=76.0%) with a median follow-up over 36 months.

3. Secondary outcomes

The overall pooled disease recurrence rate was 29.6% (95% CI=23.2%—36.8%; [’=38.58%) in
211 women (16 studies) with previous CRs (Fig. 3). In subgroup analysis, higher relapse rates
were found in women with mean age >45 (36.1%; 95% CI=18.9%-57.8%; [’=22.0%), BMI

230 kg/m? (41.4%; 95% CI=24.8%—60.2%; I*=16.4%), and the use of LIUS as progesterone
treatment alone (45.1%; 95% CI=31.0%—-60.0%; I’=0.0%). With longer follow-ups,

the relapse rate did not increase. Recurrence rates did not differ among patients with
conservative management of LIUS+HR, LIUS+OP, and LIUS+GnRHa, 17.9% (95% CI=9.0%-—
32.4%; I>=0.0%), 23.4% (95% CI=15.8%—-33.2%; 1>=0.0%), and 16.9% (95% CI=4.8%—45.1%;
’=33.6%), respectively (Table 2).

Relapse rate

Study name Statistics for each study Event rate and 95% Cl

Event Lower Upper Relative

rate limit limit p-Value Total weight
Wettin, S. N.(2021) 0375 0125 0715 0484 3/8 —r 5.26
Sengal, A. T.(2021) 0.600 0200 0900 0657 3/5 e 3.37
Raffone, A. (2021) 0.167 0.010 0.806 0.299 0/2 1.17
Falcone, F. (2020) 0583 0.308 0.815 0566 7/12 —r— 8.18
Leone Roberti Maggiore, U.(2019) 0500 0273 0.727 1.000 8/16 —— 11.22
Giampaolino, P.(2019). 0.182 0.046 0.507 0.054 2/11 —— 4.59
Casadio, P. (2019) 0.050 0.003 0475 0.042 0/9 1.33
Chae, S. H. (2019) 0254 0.166 0.367 0.000 18/71 [ ] 37.70
Hwang, J. Y.(2017). 0333 0043 0846 0571 1/3 —_— 1.87
Baker, W. D. (2017) 0.333 0084 0732 0423 2/6 —1 3.74
Falcone, F. (2017) 0.100 0.025 0.324 0.003 2/20 --— 5.05
Kim, M. K. (2013). 0143 0036 0427 0019 2/14 --— 4.81
Hubbs, J. L.(2013) 0571 0230 0.856 0.706 4/7 —_— 4.81
Pashov, A. I. (2012) 0.042 0003 0425 0.030 0/11 — 1.34
Minig, L.(2011). 0250 0.063 0.623 0.178 2/8 —— 4.21
Cade, T. J.(2010) 0.056 0.003 0505 0052 0/8 1.33
0296 0232 0.368 0.000 *

-1.00 -0.50 0.00 0.50 1.00

Heterogeneity (I-ssquared=38.58, Tausq d=0.319, p=0.060); Fixed effects model

Fig. 3. Pooled relapse rate in women treated with levonorgestrel-releasing intrauterine system-based therapies.
Cl, confidence interval.

https://ejgo.org https://doi.org/10.3802/jg0.2023.34.€36 9/15



JOURNAL OF
GYNECOLOGIC
ONCOLOGY

LIUS-based therapies for endometrial cancer

https://ejgo.org

Based on a meta-analysis of 165 women in ten studies who tried to conceive, the pregnancy
rate for women treated with LIUS-based regimens for fertility preservation was 37.9% (95%
CI=24.1%-53.9%; 1>=59.2%; Fig. 4A). The live birth rate after LIUS-based treatment was
39.3% (95% CI=24.0%-57.0%; I*=58.1%; Fig. 4B), based on a meta-analysis of 9 studies (141
women). Further sensitivity analyses revealed a mild increase in pregnancy and live birth
rate in subgroups with sample size >10 and BMI <30 kg/m?, 43.6% (95% CI=34.7%-53.0%;
’=65.0%) and 42.2%(95% CI=24.9%—-61.6%; >=63.8%), respectively, however, the difference
was not statistically significant. Subgroup analyses of different types of treatment showed
high heterogeneity in pregnancy and live birth rates. In the subgroups of LIUS (2 studies, 13
women) and LIUS+HR (2 studies, 17 women), 65.0% (95% CI=2.9%-99.1%; I*’=81.1%) and
62.9% (95% CI=4.0%—-98.6%; I’=88.3%) of women got pregnant, 57.3% (95% CI=4.9%—
97.2%; I’=78.5%) and 55.5% (95% CI=6.3%-95.9%; [’=79.4%) of them achieved at least one
live birth. In the subgroup of LIUS+OP (4 studies, 94 women) and LIUS+GnRHa (3 studies,
33 women), the pregnancy and live birth rates were consistent with the main analyses. With
extended follow-up, the highest pregnancy and live birth rate was achieved in at least 3 years
of follow-up (50.7% pregnancy and 44.8% live birth).

A Pregnancy rate

S name Statistics for each study Event rate and 95% ClI
Event Lower Upper Relative

rate limit limit  p-Value Total weight
Pino, 1. (2022) 0.474 0.33 0.630 0746 18/38 17.40
Falcone, F. (2020) 0.231 0.076 0.522 0067 3/13 11.49
Leone Roberti Maggiore, U.(2019)  0.944 0.49%5 0.997 0052 8/8 4.19
Chae, S. H. (2019) 0.449 0.317 0.589 0476 22/ 49 18.05
Pal, N.(2018) 0.200 0.027 0.691 0215 1/5 6.2
Huwang, J. Y.(2017). 0.200 0.027 0.691 0215 1/5 = 6.2
Falcone, F. (2017) 0917 0.587 0.988 002 11/12 6.84
Kim, M K. (2013). 0.188 0.062 0.447 002 3/16 - 177
Pashov, A |. (2012) 0.273 0.000 0.586 0147  3/11 T 11.20
Miig, L.(2011). 0125 0017 0537 0069 1/8 -a— 6.62

0.379 0.241 0.539 0.137 @

-1.00 -0.50 0.00 0.50 1.00
Heterogeneity (I-squared=59.151%, Tau-squared=0.532, p=0.009); Randomed effects model
B Live birth rate
Study name Statistics for each study Event rate and 95% Cl
Event Lower Upper Relative

rate limit limit p-Value Total weight
Pino, I. (2022) 0.421 0.276 0.581 0332 16/38 20.24
Falcone, F. (2020) 0.200 0.027 0.691 0215 1/5 7.44
Leone Roberti Maggiore, U.(2019)  0.875 0.463 0.983 0069 7/8 791
Chee, S. H. (2019) 0.429 0.29 0.569 0319 21/49 21.02
Pal, N.(2018) 0200 0027 0691 0215 1/5 7.44
Hweng, J. Y.(2017). 0.083 0.005 0.622 0105 0/5 4.91
Falcone, F. (2017) 0.833 0.523 0.958 0.038 10/12 — 11.62
Pashov, A I. (2012) 0.182 0.046 0.507 0054 2/11 - 11.51
Mnig, L.(2011). 0.125 0.017 0.537 0069 1/8 791

0.3 0.240 0.570 0.235

-1.00 0.50 0.00 0.50 1.00

Heterogeneity (I-squared=58.135%, Tau-squared=0.556, p=0.014); Randomed effects model
Fig. 4. Fertility outcomes in women treated with LIUS-based therapies. (A) Pooled pregnancy rate in women

treated with LIUS-based therapies. (B) Pooled live birth rate in women treated with LIUS-based therapies.
Cl, confidence interval; LIUS, levonorgestrel-releasing intrauterine system.
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DISCUSSION

This is the first meta-analysis to investigate the therapeutic effects of LIUS-based regimens,
mainly focusing on early staged EC based on the current evidence. This review, which
included 821 women with early-stage, grade 1 or 2, EEC treated with LIUS-based therapies,
showed a CR rate of 63.4% overall. Further sensitivity analyses revealed that women younger
than 45 with a BMI <30 kg/m? treated with LIUS-based regimens achieved the highest CR
rate of 84.6%. Women with a mean age >45 and BMI >30 kg/m? had the lowest CR rate of
32.2%. There were 4 main types of LIUS-based treatment, including LIUS monotherapy, HR
followed by LIUS, LIUS+GnRHa, and LIUS+OP. LIUS monotherapy was primarily used in
women with a mean BMI >30 kg/m? who were >45 years old with a relatively low CR rate of
52.0%. CR rates of other LIUS-based combination therapy groups did not show significant
differences, although the LIUS+GnRHa group showed a higher CR rate (76.9% LIUS+HR;
71.4% LIUS+OP; 80.4% LIUS+GnRHa). Women treated with LIUS-based therapies have a
37.9% chance of achieving pregnancy and a 39.3% chance of having a live birth.

Although previous studies evaluating the effects of LIUS on endometrial hyperplasia and
early-stage EEC have been reported, the focus on EEC only occupies a small portion, and
the efficacy of LIUS therapy seems highly variable for these patients. Despite many studies
supporting its effect on endometrial hyperplasia [26], more evidence is needed to prove
LIUS as an effective and safe HT, especially for EEC patients. This meta-analysis thoroughly
investigates LIUS and related agents in women with grade 1 and 2 EEC. In addition to study
outcomes, several study-level variables are considered. Sensitivity analyses investigate
possible effect modifiers and the stability of the findings in subgroups.

Limitations are mainly related to the available data sources. Fifteen studies are categorized as
case series, and 3 studies included fewer than ten eligible women. Other sources of clinical
heterogeneity include a wide age range, different indications of conservative management,
and variable strategies of LIUS-based combination therapies. The random-effects model is
applied for combined outcomes in cases of high heterogeneity, and subgroup meta-analysis
is performed to reduce the heterogeneity. A further limitation is the lack of detailed obstetric
data regarding the pregnancies after receiving fertility preservation treatments. Furthermore,
the interpretation of these findings should also account for publication bias, which is

likely to result in preferential reporting of cases with good outcomes, leading to a possible
overestimation of the effect.

Previous studies showed that LIUS was superior to different forms of systemic progestins in
managing patients with varying histological types of endometrial hyperplasia [26,27]. Our
research indicates that LIUS-based therapies are also viable for the conservative management
of early-stage EEC. The therapeutic benefit appeared to be the most pronounced in patients
younger than 45 years old and with a BMI <30 kg/m? (84.6%) but was less definitive for

older, obese women (32.2%). The cause for these discrepancies might be the limitation of
conservative treatment modalities for elderly patients with severe comorbidities.

Regarding treatment, LIUS-based combination therapy may be recommended as evidence
suggests that LIUS combination therapy is a promising candidate for the treatment of
EEC. LIUS combined with GnRHa has been proposed as a superior therapy to other
progestin-based treatments, but there is insufficient consensus between the different
studies [6,11,16,28]. Similarly, several authors have proposed the combination of oral and

https://doi.org/10.3802/jg0.2023.34.€36 11/15



JOURNAL OF
GYNECOLOGIC
ONCOLOGY

LIUS-based therapies for endometrial cancer

https://ejgo.org

intrauterine progestins with limited evidence regarding its superiority to other progesterone-
based treatments [1,6,29,30]. There’s only one study until now comparing the oncological
outcomes of LIUS combined with either GnRHa or oral progestin: LIUS+GnRHa 65%
regression, LIUS+MA 80% regression, and LIUS+MA+Metformin 83% regression (p>0.05)
[6]. Although not statistically significant in CR rate, a statistically significant lower risk of
recurrence in women treated with LIUS+MA+Metformin was detected when compared to
LIUS+GnRHa regimen. The CR rate of HR followed by LIUS insertion (76.9%) was consistent
with previous studies [31], with a 17.9% relapse rate. LIUS monotherapy was associated

with a poor therapeutic response and a high recurrence rate in the treatment of EEC. Most
patients treated with LIUS alone were postmenopausal and obese, with associated co-
morbidities such as cardiovascular disease and metabolic syndrome. LIUS alone, used in
younger patients, was associated with a higher CR rate of 81.3%-87.2% [12,32]. Differences
in demographic characteristics likely cause these widely different clinical outcomes. For
instance, older age and higher BMI may be associated with worse oncological outcomes [33].
Considering individual differences in the conservative management of EEC patients, future
clinical investigations should focus on population-based combination therapies.

With extended follow-up, the CR, pregnancy, and live birth rates increased to some extent.
This could be because endpoints, including response to treatment, pregnancies, and live
births, naturally require time to occur. In contrast, conservative management of EEC is
generally offered as a temporary therapy, and there is uncertainty about the safest time to
attempt pregnancy or the ideal timing of hysterectomy. Moreover, female fertility decreases
over time, and many patients have missed the optimal childbearing age of their lives. More
information is needed to indicate the balance between oncological risk and fertility benefit
in the conservative management of EEC. The live birth rate estimated in this meta-analysis is
39.3%, whereas live birth rates based on the utilization of MA or MPA treatment in patients
with EEC were 19.6% (95% CI=12.8%-27.4%) according to a meta-analysis including 445
women [3]. Various medical or social factors may influence fertility outcomes in real-life
settings, and effective fertility-sparing management of women with EEC requires multiple
treatment stages over relatively long periods. Strict surveillance is recommended from
disease treatment, pregnancy, and childbirth to post-childbearing management.

A small proportion of patients with myometrial invasion and G2 were included in the meta-
analysis, for whom fertility-sparing treatment is not recommended in most guidelines.
However, it applied in selected cases after counselling based on the evidence [20,34] for

a shared decision with the patient. More studies are needed about optimized treatment
protocol focusing on these patients.

Conservative management based on LIUS therapies is a viable option for patients with
early-stage EEC who want to preserve fertility. Women younger than 45 with BMI <30 kg/

m? appeared to have the highest CR rate of about 85% with follow-ups of at least 24 months.
Oncological and fertility outcomes among different types of combinations with LIUS were
similar. A range of unmeasured confounders in observational studies may bias these results;
therefore, our findings should be interpreted with caution, especially in patients with G2 and
myometrial invasion.
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