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BACKGROUND: Endometrial cancer is common and usually occurs after menopause, but the number of women diagnosed during

reproductive age is increasing. The standard treatment including hysterectomy is effective but causes absolute uterine factor infertility.

In order to avoid or postpone surgery, conservative management of endometrial cancer (CMEC) has been proposed for younger women

who want to retain their fertility.

OBJECTIVE AND RATIONALE: The main objective of this study was to estimate the chances of pregnancy and live birth for women
with early-stage endometrial cancer (EEC) who are managed conservatively for fertility preservation.
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SEARCH METHODS: The PRISMA recommendations for systematic reviews and meta-analyses were followed. Structured searches
were performed in PubMed, Embase and the Cochrane Library, from inception until 13 June 2021. Inclusion was based on the following
criteria: group or subgroup of women with Clinical Stage IA, well-differentiated, endometrioid endometrial cancer (from now on, EEC);
CMEC for fertility preservation; and reported frequencies of women achieving pregnancy and/or live birth after CMEC. The following ex-
clusion criteria applied: impossibility to isolate/extract outcome data of interest; second-line CMEC for persistent/recurrent disease;
CMEC in the presence of synchronous tumours; case reports; non-original or duplicated data; and articles not in English. Qualitative
synthesis was performed by means of tabulation and narrative review of the study characteristics. Study quality was assessed with an ad
hoc instrument and several moderator and sensitivity analyses were performed.

OUTCOMES: Out of 1275 unique records, |33 were assessed in full-text and 46 studies were included in the review. Data from 861
women with EEC undergoing CMEC were available. Progestin-based treatment was reported in all but three studies (93.5%; 836 women).
Complete response to treatment was achieved in 79.7% of women, with 35.3% of them having a disease recurrence during follow-up. Of
286 pregnancies obtained after CMEC; 69.4% led to live birth (9% of them multiple births) and 66.7% were achieved through fertility treat-
ment. Based on random-effects meta-analyses, women treated with progestin-based CMEC have a 26.7% chance of achieving pregnancy
(95% Cl 21.3-32.3; I2=53.7%; 42 studies, 826 women) and a 20.5% chance to achieve a live birth (95% Cl 15.7-25.8; I2:40.2%; 39
studies, 650 women). Sample size, average age, publication year, study design and quality score were not associated with the outcomes of
progestin-based CMEC in moderator analyses with meta-regression. However, mean follow-up length (in months) was positively associated
with the chances of pregnancy (regression coefficient [B] =0.003; 95% Cl 0.001-0.005; P=0.006) and live birth (B=0.005; 95% ClI
0.003-0.007; P < 0.001). In sensitivity analyses, the highest chances of live birth were estimated in subsets of studies including only women
of age 35 or younger (30.7%), the combination of progestins with hysteroscopic resection (30.7%), or at least 3 years of follow-up
(42.4%).

WIDER IMPLICATIONS: Progestin-based CMEC is viable for women with well-differentiated, Clinical Stage |A, endometrioid endome-
trial cancer who want to preserve their fertility, but there is room for improvement as only one-fifth of them are estimated to achieve
live birth according to this meta-analysis. Further investigations on prognosis-driven selection, hysteroscopic resection and long-term
surveillance are arguably needed to improve the reproductive outcomes of CMEC.

Key words: absolute uterine factor infertility / conservative management / endometrial cancer / fertility preservation / hysteroscopy /

progestins / reproductive medicine / reproductive outcome

Introduction

Endometrial cancer is one of the most frequent malignancies in
women and its incidence has been increasing during the last decades
(Morice et al., 2016; Lortet-Tieulent et al., 2018; Constantine et dl.,
2019). Most women diagnosed with endometrial cancer are postmen-
opausal, and the standard management requires hysterectomy with bi-
lateral salpingo-oophorectomy (Morice et al., 2016; Hamilton et dl.,
2021a). This surgical approach is effective but can be particularly prob-
lematic for younger women who wish to retain their fertility
(Gambadauro and Gudmundsson, 2017). Although these women are
a minority of the total cases (~14% of them being premenopausal and
5% younger than 40years), their number is likely to grow because of
the increasing incidence of endometrial cancer, the delay in childbear-
ing across societies and the inverse relationship between parity and
endometrial cancer risk (Rodolakis et al., 2015; Morice et al., 2016;
Raglan et al., 2019; Hamilton et al., 2021b).

An alternative conservative management of endometrial cancer
(CMEC) has therefore been proposed and is deemed appropriate for
younger women with well-differentiated, early stage (Clinical Stage IA,
ideally without myometrial involvement), endometrioid endometrial
cancer (Rodolakis et al., 2015; Hamilton et al., 2021b). This conserva-
tive strategy aims at avoiding or postponing the standard treatment,
most commonly by means of a course of oral or intrauterine proges-
tins (Rodolakis et al., 2015; Hamilton et al., 2021b). Pregnancy may be
attempted if and once a response is achieved, whereas hysterectomy
is recommended as soon as childbearing is complete or in case of
treatment failures (Rodolakis et al., 2015; Hamilton et al., 202 1b).

The choice between the gold-standard surgical treatment and the al-
ternative CMEC in order to preserve fertility can be challenging. The
burden of absolute uterine factor infertility among cancer survivors
deserves to be addressed (Bower and Quinn, 2012). However, although
most women respond to CMEC, departing from the standard treatment
may worsen the oncological outcomes (Gallos et al., 2012; Gunderson
et al, 2012). Besides, the evidence base regarding the reproductive out-
comes after CMEC largely consists of small-sample cohorts or case se-
ries whose reported pregnancy and live birth rates may be misleading
and cannot be uncritically generalized (Ruiz et al, 2017; Wei et dl,
2017; Gambadauro, 2020). In addition, recent population-based data in-
dicate that fewer than expected live births are being reported among
women who undergo CMEC in a real-life setting (Harrison et al., 2019).

The aim of this study was to evaluate the reproductive outcomes of
CMEC through a systematic review and meta-analysis of published
data. The main objective was to estimate the chances of pregnancy
and live birth for women with early-stage endometrial cancer (EEC)
who are treated conservatively for fertility preservation. A secondary
objective was to describe oncological outcomes, mode of conception
and pregnancy outcomes after CMEC.

Methods

In the present study, the recommendations of the PRISMA statement
for systematic reviews and meta-analyses (Moher et al., 2009) were

2202 Yosel\ L0 uo 1senb Aq y£6S/£9/282/2/8Z/2101e/pdnwny/woo dno-olwapese/:sdpy woly papeojumod



284

Herrera Cappelletti et al.

followed. Structured searches were performed in PubMed, Embase
and the Cochrane Library, with no start date and until 13 June 2021.
The search strategy included combinations of free terms, with varia-
tions and controlled vocabulary (e.g. MeSH terms/descriptors), based
on the following themes: endometrial neoplasms, endometrial cancer,
endometrial hyperplasia, fertility preservation, fertility sparing and con-
servative treatment (Supplementary Data File S1).

The search results were saved into a reference manager (Mendeley
Desktop, version 1.19.8). After duplicates removal, the citations were
screened based on their title and abstract. Selected items were evalu-
ated for eligibility in full-text. Inclusion was based on the following crite-
ria: the presence of a group or subgroup of women with Clinical Stage
IA, well-differentiated (i.e. Grade | or GI), endometrioid endometrial
cancer (from now on, EEC); CMEC for fertility preservation; and
reported frequencies of women achieving pregnancy and/or live birth
after CMEC. The following exclusion criteria applied: impossibility to iso-
late/extract outcome data of interest; second-line CMEC for persis-
tent/recurrent disease; CMEC in the presence of synchronous tumours;
case reports; non-original or duplicated data; and articles not in English.

A data extraction form was developed in order to systematically ex-
tract the following data: number of women with EEC undergoing
CMEC; number of women achieving pregnancy and live birth; type of
CMEC; average age; follow-up length; oncological outcomes (i.e. com-
plete response to treatment, recurrence, disease-related deaths); and
reproductive outcomes (i.e. pregnancies, live births, mode of concep-
tion). Study characteristics such as the year of publication, the country
of origin and the design were also recorded. The data were eventually
saved in a digital spreadsheet.

The studies were screened, selected and reviewed independently by
two researchers (E.H.C., J.H. or P.G.). Disagreements were solved
through discussion or a third researcher’s judgement (P.G. or R.T.).
Qualitative synthesis was performed by means of tabulation and narra-
tive review of the study characteristics. The quality of the studies was
assessed with an ad hoc tool for Single-Arm Study Quality Assessment
(Supplementary Data File S2), which was developed from items of the
Newecastle-Ottawa Scale (Wells et al., 2021) and the Methodological
Index for Non-Randomized Studies (Slim et al, 2003). The studies
were categorized as cohort or case series based on the criteria
proposed by Schiinemann et al. (2008; Supplementary Data File S2).
For the quantitative synthesis of primary outcomes, the chances of
pregnancy and live birth were estimated by means of pooling data from
individual studies in meta-analysis of proportions, where the numerator
was the number of women with the outcome of interest (i.e. pregnancy
or live birth) and the denominator was the number of women with EEC
exposed to the intervention (i.e. CMEC). The secondary outcomes
were synthesized descriptively, through pooling of individual study data
on complete responses to treatment, disease recurrence, disease-related
deaths, mode of conception (i.e. spontaneous or via fertility treatment)
and pregnancy outcome (i.e. live birth, pregnancy loss, multiple birth).

Random-effects meta-analyses were carried out in R with
OpenMeta[analyst] for MacOS (School of Public Health, Brown
University, USA; Wallace et al., 2012; Center for Evidence Synthesis in
Health (CESH), 2021), using the Freeman—Tukey transformation
(Murad et al., 2018). Proportions were estimated together with 95%
Cl. The I statistic was used to study heterogeneity. The analyses
were performed in the main subset of studies including a progestin-
based treatment, which is the dominant option for CMEC as well as in
the overall study sample. Several moderator and sensitivity analyses
were conducted in the main subset of studies. Moderator analyses
with meta-regression were performed in order to study potential ef-
fect modifiers, such as sample size, average age, average follow-up
length, publication year, study design and quality score. Sensitivity anal-
yses were performed with the leave-one-out strategy as well as by
means of repeating the meta-analyses in subsets of studies defined by
criteria related to age (<40, <38 and <35), disease stage (EEC with-
out myometrial invasion), type of CMEC (progestins combined with
hysteroscopic resection), follow-up time (>12, >24 and >36 months),
sample size (>10 women) and quality score (>7).

A protocol was prospectively registered in PROSPERO (Centre for
Reviews and Dissemination, University of York, UK; http://www.crd.
york.ac.uk/PROSPERO/; National Institute for Health Research
(NIHR), 2021) as CRD42020086867.

Results

The search queries returned 1649 records (383 of them duplicates),
which were screened based on title and abstract (Fig. |). Nine addi-
tional studies were identified through handsearching. Out of |33 items
assessed in full-text, 46 articles published between 2001 and 202l
were selected for inclusion in the systematic review and provided data
for meta-analysis (Table ). Relevant proportions of the articles were,
respectively, published since 2010 (82.6%) and since 2015 (45.7%).
Most studies proceeded from Asia (69.6%), followed by Europe
(23.9%), North America (4.3%) and Oceania (2.2%).

In total, 861 women undergoing CMEC were identified for review: a
mean of 8.7 women per study (median 10.5; range 3—177). These
women had been diagnosed with EEC, as previously defined, and myo-
metrial invasion was systematically ruled out in 84.8% of studies. The
mean age across the studies ranged from 25.1 to 38.5; 4 studies
(8.7%) included women aged 45 or older, whereas 32 (69.6%) solely
selected women aged 40 or younger. Information regarding the type
of CMEC reported in each study is presented in Table |. The CMEC
strategy was based on progestins in 43 of the 46 studies (93.5%; 836
women). In 37 studies, daily doses of medroxyprogesterone acetate
(MPA; up to 800 mg) or megestrol acetate (MA; up to 480 mg) were
administered orally, most commonly for at least 3—6months.
Alternative or complementary routes of progestin administration were
intrauterine (11 studies) and intramuscular (3 studies). GnRH agonists
were used in combination with progestins in five studies. In 12 studies,
progestin-based treatment was preceded by hysteroscopic resection.
Only three studies (6.5%) reported treatments alternative to
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PRISMA 2009 Flow Diagram
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Figure 1. Study flowchart. Taken from: Moher D, Liberati A, Tetzlaff |, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for
Systematic Reviews and MetaAnalyses: The PRISMA Statement. PLoS Med 6(7): el000097. https://doi:10.1371/journal.pmed1000097. For more

information, visit www.prisma-statement.org.

progestins, consisting of intravenous photosensitizer and photodynamic
therapy (I| patients; Choi et al, 2013), the combination of GnRH
agonists and hysteroscopic resection (8 patients; Tock et al, 2018),
and the combination of GnRH agonists and aromatase inhibitors
(6 patients; Zhang et al., 2019). The mean follow-up length across the
studies ranged from 6.7 to 196.5 months.

The studies had either a cohort (47.8%) or case series (52.2%) de-
sign, most of them being retrospective (67.4%). Quality assessment
returned a mean quality score of 6.6 out of |0 possible points (median
6.5; range 3-9). Exposure ascertainment was satisfactory in all studies;

loss to follow-up was addressed in 70% of them and the main
outcome live birth was available in 42 of them (91.3%). The main limi-
tations concerned sample size (prospective calculation, 0%) and case
selection (representativeness, 60.9%; report of excluded patients,
34.8%; Supplementary Table SI).

Primary outcomes
Based on a meta-analysis of 42 studies (826 women), the chance of
pregnancy for women treated with progestin-based CMEC for fertility
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Table | General characteristics of the included studies.

Reference Year Country Study Subjects Mean Type of treatment  Subjects with Mean Quality
design with age complete follow-up score
EEC (range) response (%) in months
(range)
Andress et al. 2021 Germany Cohort study 10 34.3 (30.2-47.9) Progestins (O) 5 (50%) 16.7 (4-40)
Atallah et al. 2021  Lebanon  Case series 6 NK (NK—40) Progestins (O) + 6 (100%) NK (12-NK)

Hysteroscopic resec-
tion + GnRH agonists

Ayhan et al. 2020  Turkey  Cohort study 30 32 (20-45) Progestins (O and/or 22 (73.3%) 55.5 (6-133) 7
IU) 4 Hysteroscopic
resection
Cade et al. 2013 Australia  Cohort study 10 32 (23-42) Progestins (O and/or 10 (100%) 89.2 (62-142) 8
1U)
Casadio et al. 2018 Italy Case series 3 35.7 32-38) Progestins (O) + 3 (100%) 60 (60) 4

Hysteroscopic resec-
tion + GnRH agonists

Casadio et dl. 2020 Italy Case series 36 33.1 (NK-45) Progestins (O) + 35 (97.2%) 30 (24-60) 6
Hysteroscopic
resection
Chen et al. 2016 China  Cohort study 37 32 (21-41) Progestins (O) 27 (73%) 54 (4-148)
Choi et al. 2013 Korea Case series Il 31.5(28-34) Photodynamic therapy 7 (63.6%) 82.7 (37-115)
+ IV photosensitizer
Duska et al. 2001 USA Cohort study 12 30.8 (24-40) Progestins 10 (83.3%) NK
Falcone et al. 2017 Italy Cohort study 27 36 (25-40) Progestins (O or IU) 26 (96.3%) 96 (6—172)
+ Hysteroscopic
resection
Giampaolino 2019 Italy Case series 14 35.1 (NK—44) Progestins (IU) + Il (78.6%) NK (12-24) 6
etal. Hysteroscopic
resection
Gungor et al. 2016 Turkey Case series 6 34.3 (30-40) Progestins (O or 5 (83.3%) 45 (3-75) 6
O-+lv)
Imai et al. 2001 Japan Case series 5 NK (NK-38) Progestins (O) NK 67.2 (10-146) 6
Kaku et al. 2001 Japan Case series 10 30.7 (21-40) Progestins (O) 7 (70%) 33.6 (13-90) 7
Kataoka et al. 2014 Japan Case series 7 32.6 (21-38) Progestins (O) 4 (57.1%) NK 5
Kim et al. 2013 Korea Case series 16 34.8 (29-40) Progestins (O+IU) 14 (87.5%) 31.1 (16-50) 6
Koskas et al. 2012 France  Cohort study 8 34.4 (28-38) Progestins (O) 5 (62.5%) 50.3 (17-86) 8
Kudesia et al. 2014 USA Cohort study 10 38.5 (NK—44) Progestins (O and/or 7 (70%) 21.3 (NK) 7
IU)
Maggiore et al. 2019 Italy Case series 16 33.4 (NK) Progestins (IU) 13 (81.3%) 85.3 (NK) 6
Mao et al. 2010 China Case series 6 28 (26-31) Progestins (O) 4 (66.7%) 50.5 (32-77)
Mazzon et al. 2020 Italy Case series 6 32.5(27-39) Progestins (O) + 6 (100%) 196.5 (164-228) 5
Hysteroscopic
resection
Minaguchietal. 2007 Japan Cohort study 19 30.5 (19-37) Progestins (O) 15 (78.9%) 45.1 (2-109)
Minig et al. 2011 Italy Cohort study 14 34 (22-40) Progestins (IU) + 8 (57.1%) 29 (4-102)
GnRH agonists
Niwa et al. 2005 Japan Case series 10 30.4 (24-34) Progestins (O) 10 (100%) 52.2 (24-138)
Ohyagi-Hara 2015 Japan Case series 16 NK (NK) Progestins (O) Il (68.8%) NK
etal.
Otaetal 2005 Japan Case series 12 30.9 (22-40) Progestins (O) 5 (41.7%) 52.7 (13-154)
Park et al. 2013 Korea  Cohort study 177 NK (NK-39) Progestins (O) 141 (79.7%) NK
Parlakgumus 2014 Turkey Case series 3 34.3 (28-38) Progestins (O) 3 (100%) NK
etal
Pashov et al. 2012 Russia Case series Il 30.2 (26-36) Progestins (IU) + I'1 (100%) 44.4 (24-72) 6

GnRH agonists

Continued
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Table I Continued

Reference Year Country Study Subjects Mean
design with age
EEC (range)
Perri et al. 2011 Israel Cohort study 25 NK (NK)
Raffone et al. 2021 Italy Cohort study 6 35.5 (NK—44)
Shan et al. 2013 China  Cohort study 14 30.1 (18-39)
Shirali et al. 2012 Iran Cohort study 16 33.1 (24-42)
Shobeiri et al. 2013 Iran Case series 8 30 (24-35)
Tamauchietal. 2018 Japan Cohort study 9 34 (19-45)
Tock et al. 2018  Belgium  Cohort study 8 30.4 (18-38)
Ushijima et al. 2007 Japan Cohort study 28 31.7 (22-39)
Wang et al. 2014  Taiwan  Cohort study 37 32 (18-40)
Wang et al. 2015 China Case series 6 29.5 (25-34)
Wang et al. 2017 China Case series I 27.3 (25-39)
Yamagamietal. 2018 Japan Cohort study 97 35 (19-44)
Yamazawa etal. 2007 Japan Cohort study 9 36 (28-40)
Yang et al. 2019 Taiwan Case series 6 33.7 (30-36)
Yuetal. 2009 China Case series 8 25.1 (NK-35)
Zhang et al. 2019 China Case series 6 30.5 (NK—40)
Zhou et al. 2015 China  Cohort study 19 30.4 (20-40)

Type of treatment  Subjects with Mean Quality
complete follow-up score
response (%) in months
(range)
Progestins (O or IM) 22 (88%) NK 7
Progestins (IU) + 2 (33.3%) NK (12-NK)
Hysteroscopic
resection
Progestins (O) Il (78.6%) 34.7 (15-66) 9
Progestins (O) 10 (62.5%) NK (NK-125) 7
Progestins (O) 7 (87.5%) NK (NK-72) 7
Progestins (O) 8 (88.9%) 52 (16-128) 6
Hysteroscopic resec- 5 (62.5%) 25.3 (5-72) 8
tion + GnRH agonists
Progestins (O) 14 (50%) 47.9 (25-73) 9
Progestins (O) + 30 (81.1%) 78.6 (19.1-252.8) 8
Hysteroscopic
resection
Progestins (O) + 6 (100%) 48.5 (26-91) 7
Hysteroscopic
resection
Progestins (O or IM) 9 (81.8%) 82.3 (15-152) 8
+ Hysteroscopic
resection
Progestins (O) 88 (90.7%) 71.3 (4.5-208.7) 3
Progestins (O) 7 (77.8%) 38.9 (24-69) 8
Progestins (O) + 6 (100%) 32 (4-49) 5
Hysteroscopic
resection
Progestins (O or IM) 5 (62.5%) 31.8 (5-90)
GnRH agonists + aro- 6 (100%) 48 (15-84) 7
matase inhibitors
Progestins (O) 15 (78.9%) 32.5 (10-92) 6

EEC, early-stage endometrial cancer; IM, intramuscular; U, intrauterine; 1V, intravenous; NK, not known; O, oral.

preservation was 26.7% (95% Cl 21.3-32.3; *=53.7%; Fig 2).
The chance of achieving a live birth after progestin-based CMEC was
20.5% (95% Cl 15.7-25.8; I>=40.2%), based on a meta-analysis of 39
studies (650 women; Fig. 3). Similar overall estimates were obtained
when excluding the three studies with non-progestin-based CMEC,
namely 27.3% (95% Cl 22.1-32.8; [*=52.0%) for pregnancy and
21.1% (95% Cl 16.4-26.1; [*=37.0%) for live birth (Supplementary
Figs S| and S2).

In moderator analysis with meta-regression, no significant association
was found between the reproductive outcomes of progestin-based
CMEC and several study characteristics including sample size, average
age, publication year, study design and quality score. On the contrary,
mean follow-up length (in months) was positively associated with the
estimated chance of pregnancy (regression coefficient [B] = 0.003; 95%
Cl 0.001-0.005; P=0.006) and live birth (B=0.005; 95% CI 0.003—
0.007; P < 0.001; Supplementary Figs S3 and S4).

Sensitivity analyses with the leave-one-out strategy did not signifi-
cantly affect the results. The largest albeit non-significant differences

were |.4 percentage-points in the chance of pregnancy (25.3%; 95%
Cl 20.3-30.6; [* 45.8%) when excluding Casadio et al. (2020) and
|.2 percentage-points in the chance of live birth (19.3%; 95% CI
14.7-24.3; I* 33.5%) when excluding Falcone et al. (2017).

Further sensitivity analyses revealed the stability of the results in
subsets of studies with no myometrial invasion, larger sample
size or higher quality score, with less than two percentage point
differences from the main analyses and overlapping Cls (Table II).
Larger differences from the main meta-analyses were observed
when pooling subsets of studies including only women of age 35
or younger (low heterogeneity),
CMEC with hysteroscopic resection (moderate to substantial

combining progestin-based

heterogeneity), or with at least 36 months of follow-up (low het-
erogeneity; Table |l; Supplementary Figs S5, S6, S7).

Secondary outcomes
Complete response to treatment was reported in 79.7% of 856
women (Table Ill) and ranged between 33.3% and 100% across 45
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Studies Estimate (95% C.I.) Ev/Trt
Andress et al. 2021 0.100 (0.000, 0.381) 1/10
Atallah et al. 2021 0.500 (0.103, 0.897) 3/6
Ayhan et al. 2020 0.267 (0.121, 0.441) 8/30
Cade et al. 2013 0.400 (0.113, 0.724) 4/10
Casadio et al. (1) 2018 0.667 (0.059, 1.000) 2/3
Casadio et al. (Il) 2020 0.583 (0.417, 0.741) 21/36
Chen et al. 2016 0.216 (0.096, 0.365) 8/37
Duska et al. 2001 0.333 (0.090, 0.629) 4/12
Falcone et al. 2017 0.519 (0.328, 0.706) 14/27
Giampaolino et al. 2019 0.032 (0.000, 0.206) 0/14
Gungor et al. 2016 0.500 (0.103, 0.897) 3/6
Imai et al. 2001 0.200 (0.000, 0.675) 1/5
Kaku et al. 2001 0.100 (0.000, 0.381) 1/10
Kataoka et al. 2014 0.058 (0.000, 0.365) 0/7
Kim et al. 2013 0.188 (0.028, 0.422) 3/16
Koskas et al. 2012 0.250 (0.008, 0.615) 2/8
Maggiore et al. 2019 0.500 (0.254, 0.746) 8/16
Mao et al. 2010 0.500 (0.103, 0.897) 3/6
Mazzon et al. 2020 0.667 (0.236, 0.987) 4/6
Minaguchi et al. 2007 0.158 (0.023, 0.362) 3/19
Minig et al. 2011 0.071 (0.000, 0.282) 1/14
Niwa et al. 2005 0.500 (0.189, 0.811) 5/10
Ohyagi—Hara et al. 2015 0.062 (0.000, 0.249) 1/16
Ota et al. 2005 0.333 (0.090, 0.629) 4/12
Park et al. 2013 0.288 (0.224, 0.357) 51/177
Parlakgumus et al. 2014 0.333 (0.000, 0.941) 1/3
Pashov et al. 2012 0.273 (0.044, 0.579) 3/11
Perri et al. 2011 0.480 (0.285, 0.678) 12/25
Raffone et al. 2021 0.065 (0.000, 0.411) 0/6
Shan et al. 2013 0.143 (0.003, 0.384) 2/14
Shirali et al. 2012 0.250 (0.063, 0.495) 4/16
Shobeiri et al. 2013 0.375 (0.067, 0.741) 3/8
Tamauchi et al. 2018 0.333 (0.057, 0.679) 3/9
Ushijima et al. 2007 0.143 (0.033, 0.301) 4/28
Wang et al. (1) 2014 0.108 (0.025, 0.232) 4/37
Wang et al. (Il) 2015 0.500 (0.103, 0.897) 3/6
Wang et al. (lll) 2017 0.636 (0.327, 0.900) 7/11
Yamagami et al. 2018 0.206 (0.131, 0.293) 20/97
Yamazawa et al. 2007 0.444 (0.130, 0.781) 4/9
Yang et al. 2019 0.167 (0.000, 0.586) 1/6
Yu et al. 2009 0.052 (0.000, 0.329) 0/8
Zhou et al. 2015 0.211 (0.052, 0.427) 4/19
Overall (1*2=5369 % , P< 0.001) 0.267 (0.213, 0.323) 230/826

0 0.2

T T T T T 1
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Figure 2. Chances of pregnancy for women undergoing progestin-based conservative management of early-stage en-

dometrial cancer.

individual studies (data missing from Imai et al., 2001). A similar com-
plete response rate was observed when considering only studies with
progestin-based CMEC (79.9%; 831 women, 42 studies). Disease re-
currence was diagnosed in 35.3% of 665 women with previous com-
plete response (Table ), ranging between 0% and 100% across 43
studies (incomplete data from Imai et al, 2001; Shirali et al., 2012;
Kudesia et al., 2014). Among all of the women included in the review,
a single disease-related death occurring during follow-up was reported
by Ota et al. (2005).

A total of 286 pregnancies after CMEC, reported from 44 studies,
were reviewed, after the exclusion of two studies because of incom-
plete data (Kudesia et al., 2014; Yamagami et al., 2018). Regarding the

mode of conception, 33.3% pregnancies were spontaneous, while
66.7% were obtained through fertility treatments (Table [V). The pro-
portion of pregnancies leading to live birth was 69.4% and 9% of them
resulted in multiple births (Table V).

Discussion

This study investigated the chances of pregnancy and live birth among
women with EEC who undergo CMEC for fertility preservation,
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Studies Estimate (95% C.I.) Ev/Trt
Andress et al. 2021 0.043 (0.000, 0.274) 0/10 —M———
Atallah et al. 2021 0.500 (0.103, 0.897) 3/6 -
Ayhan et al. 2020 0.167 (0.051, 0.324) 5/30 —_— .
Cade et al. 2013 0.300 (0.050, 0.625) 3/10 1 =
Casadio et al. (1) 2018 0.333 (0.000, 0.941) 1/3 :
Chen et al. 2016 0.135 (0.041, 0.267) 5/37 — .
Duska et al. 2001 0.333 (0.090, 0.629) 4/12 -
Falcone et al. 2017 0.481 (0.294, 0.672) 13/27 ! »
Giampaolino et al. 2019 0.032 (0.000, 0.206) 0/14 —W—
Gungor et al. 2016 0.333 (0.013, 0.764) 2/6 : -
Imai et al. 2001 0.200 (0.000, 0.675) 1/5 -
Kaku et al. 2001 0.043 (0.000, 0.274) 0/10 —.——
Kataoka et al. 2014 0.058 (0.000, 0.365) 0/7 —= :
Koskas et al. 2012 0.250 (0.008, 0.615) 2/8 —=
Kudesia et al. 2013 0.200 (0.005, 0.513) 2/10 q
Maggiore et al. 2019 0.438 (0.201, 0.689) 7/16 : ]
Mao et al. 2010 0.500 (0.103, 0.897) 3/6 .
Mazzon et al. 2020 0.667 (0.236, 0.987) 4/6 ! -
Minaguchi et al. 2007 0.158 (0.023, 0.362) 3/19 -
Minig et al. 2011 0.071 (0.000, 0.282) 1/14 —l——
Niwa et al. 2005 0.400 (0.113, 0.724) 4/10 ; !
Ohyagi-Hara et al. 2015 0.062 (0.000, 0.249) 1/16 —.—%—
Ota et al. 2005 0.167 (0.004, 0.439) 2/12 -
Park et al. 2013 0.260 (0.198, 0.327) 46/177 ——
Parlakgumus et al. 2014 0.333 (0.000, 0.941) 1/3 :
Pashov et al. 2012 0.182 (0.005, 0.474) 2/11 I B
Perri et al. 2011 0.360 (0.181, 0.560) 9/25 =
Raffone et al. 2021 0.065 (0.000, 0.411) 0/6 — .
Shan et al. 2013 0.071 (0.000, 0.282) 1/14 —@————
Shirali et al. 2012 0.062 (0.000, 0.249) 1/16 —.—%—
Shobeiri et al. 2013 0.250 (0.008, 0.615) 2/8 -
Tamauchi et al. 2018 0.333 (0.057, 0.679)  3/9 -
Ushijima et al. 2007 0.107 (0.015, 0.254) 3/28 —a—
Wang et al. (Il) 2015 0.500 (0.103, 0.897) 3/6 ; =
Wang et al. (lll) 2017 0.545 (0.242, 0.833) 6/11 -
Yamazawa et al. 2007 0.333 (0.057, 0.679) 3/9 : -
Yang et al. 2019 0.167 (0.000, 0.586) 1/6 —
Yu et al. 2009 0.052 (0.000, 0.329) 0/8 D
Zhou et al. 2015 0.105 (0.002, 0.292) 2/19 ) :
Overall (1*2=4020 % , P=0.006) 0.205 (0.157, 0.258) 149/650 <>
T Il T T 1
0 0.2 0.4 0.6 0.8

Freeman-Tukey Double Arcsine Proportion

Figure 3. Chances of live birth for women undergoing progestin-based conservative management of early-stage en-

dometrial cancer.

through meta-analysis of data proceeding from a total of 46 studies
and 861 women. All but three studies reported progestin-based treat-
ment (836 women). Overall, complete response to treatment was
achieved in 79.7% of women, 35.3% of them having a disease recur-
rence during follow-up. Random-effects meta-analyses estimated that
about one-quarter of women (26.7%) treated with progestin-based
CMEC will achieve pregnancy and one-fifth of them (20.5%) will even-
tually have a live birth. Similar estimates were obtained when including
the three studies with non-progestin-based CMEC. Sample size, aver-
age age, publication year, study design and quality score were not as-
sociated with the outcomes of progestin-based CMEC in moderator
analyses with meta-regression. However, mean follow-up length was
positively associated with estimated chances of pregnancy and live

birth. In sensitivity analyses, the highest chances were estimated when
pooling subsets of studies including only women of age 35 or younger
(35.8% pregnancy; 30.7% live birth), the combination of progestin-
based CMEC with hysteroscopic resection (34.0% pregnancy; 30.7%
live birth) or at least 3 years of follow-up (51.4% pregnancy; 42.4%
live birth). Among a total of 286 pregnancies reviewed, 69.4% led to
live birth (9% of them multiple births) and two-thirds were achieved
through fertility treatment.

Among the study’s strengths are the comprehensive literature search
and a systematic and reproducible review process. Many studies
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Table Il Sensitivity analyses in subsets of studies on progestin-based conservative management of early-stage endometrial

cancer.
Subset Pregnancy Live birth
n Estimate P n Estimate P
women/studies (95% CI) women/studies (95% CI)
Sample size >10 724/26 25.7% 64.2% 548/23 18.9% 52.6%
(19.7-32.1%) (13.4-24.9%)
Maximum age
40 485/28 27.2% 44.7% 451727 23% 36.1%
(20.4-34.3%) (16.8-29.7%)
38 100/13 25.5% 6.2% 100/13 21.5% 0%
(15.9-36%) (12.8-31.3%)
35 38/5 35.8% 34.3% 38/5 30.7% 25.7%
(16.8-56.9%) (13.7-50.3%)
Hysteroscopic resection 182711 34% 77.2% 115710 30.7% 61.8%
(18.1-51.6%) (15.6-47.8%)
No myometrial invasion 735/35 25.5% 50.6% 579/32 22.3% 44.2%
(20.1-31.3%) (16.8-28.2%)
Minimum follow-up
|2 months 461/23 30.9% 60.4% 372/20 24.9% 43.6%
(22.6-39.8%) (17.4-33.2%)
24 months 155712 39% 63.8% 119711 29% 51.3%
(24.8-54%) (16.4-43.1%)
36 months 35/4 51.4% 0% 35/4 42.4% 0%
(33.1-69.6%) (24.7-60.9%)
Quality score >7 485/19 27.4% 55.9% 458/19 21.5% 49.4%
(20.3-35%) (15.1-28.5)

Table Il Complete response and disease recurrence after
conservative management of early-stage endometrial
cancer.

Frequency Percent  Valid
percent
Women undergoing CMEC? 861 100 100
Complete response
Yes 682 79.2 79.7
No 174 20.2 20.3
Missing 5 0.6 -
Disease recurrence”®
Yes 235 345 353
No 430 63 64.7
Missing 17 25 -

CMEC, conservative management of endometrial cancer.
“Reviewed from 46 studies.
®Calculated among women with complete response.

proceeding from several countries were identified for data extraction
and meta-analysis, leading to a sample exceeding 850 women. A strin-
gent definition of EEC was adopted and, in addition to data on the

study outcomes, several study-level variables were considered. The
quality of each included study was evaluated with an ad hoc instrument,
and additional moderator and sensitivity analyses investigated possible
effect modifiers and the stability of the findings in subsets of studies.
Limitations are mainly related to the available data sources. Half of
the included studies were categorized as case series and two-fifths of
them included fewer than 10 eligible women. Apart from larger Cls
and uncertainty, small case series are particularly vulnerable to selec-
tion and publication bias. These types of sources were expected be-
cause CMEC is a relatively new alternative, and potential candidates
are underrepresented among women with endometrial cancer (Morice
et al., 2016). Nevertheless, moderator and sensitivity analyses showed
stable findings when controlling for sample size, design or study quality.
It should be noted that, since we specifically selected studies reporting
on the reproductive outcomes, the descriptive findings on the onco-
logical outcomes cannot be used to estimate the long-term impact of
CMEC on recurrence and survival. A further limitation is the lack of
detailed obstetric/perinatal data regarding the pregnancies after
CMEC, although robust information was available regarding mode of
conception (82.9% of reviewed pregnancies) and multiple births
(78.2% of reviewed deliveries with live births). We are finally unable
to make inferences regarding individual level prognostic factors for the
outcomes, such as the BMI (Gonthier et al., 2014), because of hetero-
geneity among/within studies and lack of individual participant data.
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Table IV Mode of conception and pregnancy outcome af-
ter conservative management of early-stage endometrial
cancer.

Frequency Percent? Valid
percent®

Pregnancies® 286 100 100
Mode of conception

Spontaneous 79 27.6 333

Fertility treatment 158 55.2 66.7

Missing 49 17.1 -
Outcome

Pregnancy loss 77 26.9 27.1

Ongoing pregnancy 10 35 3.5

Delivery with live birth 197 68.9 69.4

Missing 2 0.7 -
Multiple birth®

No 140 71.1 90.9

Twin I 5.6 7.1

Triplet 3 1.5 1.9

Missing 43 21.8 -

?Rounded to the Ist decimal.
®Reviewed from 44 studies with adequate data reporting.
“Calculated among deliveries with live birth.

Endometrial cancer is a common malignancy and, although it mainly
affects postmenopausal women, the number of women diagnosed dur-
ing reproductive age is expected to grow (Rodolakis et al., 2015;
Hamilton et al., 2021b). It is therefore not surprising that the possibility
of avoiding or postponing iatrogenic absolute uterine factor infertility has
gained popularity (La Russa et al., 2018). The mainstay of most CMEC
strategies is a medical treatment with progestins, which are potent
agents against endometrial neoplasms as proved by high complete re-
sponse rates in this and previous studies (Rodolakis et al, 2015; La
Russa et al, 2018; Hamilton et al, 2021b). Regardless of the direct
effects of CMEC on the neoplasia, the intended outcomes of fertility
preservation are pregnancies and, most importantly, live births. In other
words, the reproductive outcomes are an ultimate measure of success
for CMEC and should be kept in focus. This is particularly important be-
cause CMEC is considered as a temporary solution, and recurrence
rates greater than 30% have been observed in the present and previous
studies (Gallos et al., 2012; Gunderson et al., 2012). Besides, limited
data on the long-term oncological safety of postponing the standard
treatment in this specific group of women are available (Rodolakis et al.,
2015; Greenwald et al. 2017; Ruiz et al., 2017; Hamilton et al., 202b).
The chances of pregnancy and live birth estimated in our meta-analyses
are to be weighed against the above-mentioned limitations, when
considering CMEC for fertility preservation.

It should be noted that more optimistic findings have been
highlighted in several individual studies, with chances of live birth
approaching or exceeding 50% (Niwa et al., 2005; Mao et dl., 2010;
Wang et al., 2015; Falcone et al., 2017; Wang et al., 2017; Maggiore
et al, 2019; Mazzon et al,, 2020; Atallah et al., 2021). Differences

across individual studies are consistent with the heterogeneity in our
analyses and may relate to design and methodology as well as to selec-
tion or publication bias (Murad et al., 2018). Heterogeneity appears to
be related to prognostic features such as age. When restricting the
meta-analysis to studies including women aged 35 or younger, higher
chances of pregnancy and live birth, as well as low heterogeneity,
were found. Another contributor to heterogeneity, as suggested by
moderator and sensitivity analyses, is follow-up length, which varies
greatly across studies yet predicts the reproductive outcomes.

A larger and updated evidence base explains discrepancies between
the present and previous reviews (Gallos et al., 2012; Gunderson
et al., 2012; Koskas et al., 2014; Wei et al., 2017; Fan et dl., 2018), al-
though those may also relate to methodological choices. Inflated preg-
nancy rates exceeding 50% have been highlighted when selectively
choosing women who responded to treatment as the denominator in
the calculation (Fan et al., 2018). In our study, all treated women were
instead considered, in order to avoid survivorship bias and in analogy
to the intention-to-treat principle of clinical trials. The inclusion of case
reports (Gunderson et al., 2012), which were instead excluded in our
study, may also lead to larger estimates because of the indirect effect
of publication bias. Inconsistency with our results may also be related
to broader definitions of early-stage cancer (Gallos et al., 2012) or to
the inclusion of endometrial hyperplasia (Wei et al., 2017), because of
a plausible relation between disease type or severity and prognosis
(Morice et al., 2016).

From a clinical perspective, our findings suggest CMEC as a viable al-
ternative for young women with well-differentiated, Clinical Stage |A,
endometrioid endometrial cancer who want to preserve their fertility,
since pregnancy and live births will be possible for many of them.
However, there still appears to be room for improvement as the main
meta-analyses estimate that pregnancies and live births are achieved
respectively by one out of four and one out of five treated women.
Regarding the treatment, either oral (MPA or MA) or intrauterine
(levonorgestrel) progestins may be recommended as they are to date
the most studied option (La Russa et al, 2018; Hamilton et al,
2021b). The combination of oral and intrauterine progestins has been
proposed but there is insufficient evidence regarding its superiority
over a single route of administration (Hamilton et al., 202 1b). Similarly,
several authors have proposed hysteroscopic resection before
progestin-based treatment (Wang et al., 2014; 2015; Falcone et al.,
2017; Wang et al, 2017; Casadio et al, 2018; Giampaolino et al.,
2019; Yang et al, 2019; Ayhan et al, 2020; Casadio et al, 2020;
Mazzon et al., 2020; Atallah et al., 2021; Raffone et al., 2021). This
could be justified in view of our findings, the diagnostic-therapeutic
value of hysteroscopy, and the limited costs or risks associated with
the procedure. Besides, hysteroscopy appears to be associated with
higher remission rates in these patient groups (Guillon et al., 2019).
implementation may be
(Gambadauro et al, 2018) and large randomized trials would be
needed in order to evaluate the real effect gain. The use of metformin
in addition to progestins has also been proposed for these patients
(Yang et al.,, 2020) and, although there is insufficient knowledge of its
incremental effect on reproductive outcomes, it seems an interesting

However, hysteroscopy challenging

topic for future investigations.
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The heterogeneity in our analyses suggests caution when counselling
and selecting women for CMEC. Despite broad consensus regarding
the main oncological criteria to be considered, it has not been dis-
cussed how each candidate’s reproductive prognosis should be evalu-
ated and used to support decision-making (Harrison et al, 2019;
Gambadauro, 2020). Establishing valid selection criteria based on the
reproductive prognosis is therefore a promising area for improvement.
For instance, while simple markers such as age are certainly helpful,
the role of an infertility work-up to improve the effectiveness of CMEC
has not been examined. It is also important to note how a large pro-
portion of pregnancies after CMEC are obtained through fertility treat-
ments. Owulation-stimulating drugs have been associated with
endometrial cancer, but the evidence of an independent association
seems inconclusive (Siristatidis et al., 2013; Skalkidou et al., 2017) and
observational data could not show an increased risk of recurrence
among women who underwent fertility treatments after CMEC (Park
et al., 2013). This information should be part of the counselling and sup-
ports the need for close collaboration between oncologists and fertility
specialists in designing individualized strategies (Gambadauro, 2020).

One final consideration concerns the time perspective of CMEC
strategies, which is obviously important for both reproductive and on-
cological outcomes. The increased chances of pregnancy and live birth
estimated among studies with longer follow-up are encouraging and to
some extent expected, although these observations cannot be uncriti-
cally translated into clinical recommendations. Endpoints such as preg-
nancies and live births naturally require time to occur, but CMEC is
conventionally offered as a temporary solution and there is uncertainty
regarding the safest time to attempt pregnancy or the ideal timing of
hysterectomy. Furthermore, female fertility decreases over time and
many of these women are already in a critical phase of their reproduc-
tive years. Clearly, more knowledge is needed in order to achieve the
best possible balance between the gain in live birth and the oncological
risks of longer strategies. Since randomized comparisons of oncological
outcomes between CMEC and the standard treatment are arguably
not feasible, because they preclude the chance of conception for some
of the participants, it seems mandatory to follow-up these women
within lifelong prospective cohorts, ideally in the context of national or
multinational registers. The potential threat of publication and survivor-
ship bias should also be acknowledged because women with more
favourable outcomes may for instance receive longer follow-ups or
just seem more newsworthy than those with poorer outcomes.
Population-based data from the USA show that, despite a growing im-
plementation of CMEC in clinical settings, the proportion of women
who eventually experience live birth is lower than 10% (Harrison
et al., 2019). Although it is assumed that women who choose CMEC
intend to subsequently pursue a pregnancy, there may be several
unexplored reasons, medical or even social, for the apparent divide
between what is observed in clinical trials and what happens after im-
plementation in real-life settings. Translational efforts focusing on the
long-term planning and surveillance of women undergoing CMEC are
therefore needed.

Conservative management based on progestins is viable for women
with well-differentiated, Clinical Stage |A, endometrioid endometrial
cancer who want to preserve their fertility, but there is room for

improvement as only one-fifth of them are estimated to achieve live
birth according to this meta-analysis. Higher chances may be expected
among younger women, when progestins are combined with hystero-
scopic resection, or with longer follow-up. In addition, two-thirds of
the pregnancies are medically assisted. Further investigations on
prognosis-driven selection, hysteroscopic resection and long-term sur-
veillance are arguably needed in order to improve the reproductive
outcomes of CMEC.
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