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Abstract

Background: Determine potential triggers for ovarian endometriosis recurrence to provide individualized long-term management and
follow-up for improved patient outcomes. Methods: Relevant data were acquired through systematic retrieval from PubMed, Embase,
Web of Science, and Cochrane Library before October 2022. We determined the odd ratio or the mean difference with their corresponding
95% confidence interval (CI) to explore the relationship between relevant risk factors and postoperative endometriosis relapse. Results:
This meta-analysis ultimately covered 6388 patients from 18 trials, and the findings demonstrated that postoperative endometriosis
recurrence was associated with the age at surgery [mean difference (MD) (95% CI) =—0.69 (—1.33~-0.05), p = 0.04], family history [odds
ratio (OR) (95% CI) = 2.18 (1.10~4.29), p = 0.02], preoperative carbohydrate antigen (CA-125) [MD (95% CI) = 24.08 (-7.55~40.61),
p = 0.004], laterality of endometriosis (EMs) [OR (95% CI) = 1.19 (1.00~1.40), p = 0.04], presence of adenomyosis [OR (95% CI) =
1.53 (1.11~2.11), p = 0.009], presence of myoma [OR (95% CI) = 1.44 (1.07~1.94), p = 0.02], previous endometriosis-related surgery
[OR (95% CI) = 1.90 (1.45~2.51), p < 0.00001], and r-American Fertility Society (r-AFS) stage [OR (95% CI) = 0.30 (0.19~0.46), p
< 0.00001]/[OR (95% CI) = 0.57 (0.48~0.66), p < 0.00001]. In addition, postoperative pregnancy [OR (95% CI) = 0.40 (0.19~0.82), p
=0.01] and postoperative medication [OR (95% CI) = 1.64 (1.02~2.62), p = 0.04] were indicated protective factors for the prevention
of postoperative ovarian endometriosis relapse. Conclusions: Risk factors for postoperative endometriosis recurrence included the age
at surgery, family history, CA-125, laterality of EMs, presence of adenomyosis, presence of myoma, previous endometriosis-related
surgery, and r-AFS stage. In addition, protective factors for preventing postoperative recurrence included postoperative pregnancy and
postoperative medication. However, the age of menarche, infertility, the extent of surgery, cyst size, body mass index, and dysmenorrhea
were unrelated to postoperative recurrence. The sample size could be increased for further investigations.
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1. Introduction vative surgery is over 40% [3]. The high postoperative re-
currence rate severely affects patients’ physical and mental
health and quality of life [4,5] and increases their social and
economic burden, making it a challenging issue clinically.
Preventing or delaying postoperative recurrence of ovarian
endometriosis is a difficult problem to tackle. However,
the pathogenesis of endometriosis has not been fully eluci-
dated, and no single theory can explain its occurrence [6].
Therefore, it is necessary to determine the factors associated
with its clinical recurrence rate.

This study collected data on relapse-related factors
from long-term follow-ups of childbearing-age patients
with ovarian endometriosis. Assessing the association be-
tween these factors and ovarian endometriosis recurrence

Endometriosis is a common disease affecting women
of childbearing age, where the endometrium tissue (both in-
terstitial and glandular) grows out of the uterine cavity. The
periodic bleeding from the ectopic endometrium and fibro-
sis of the surrounding tissue often form ectopic nodules and
other lesions. Pathologically, endometriosis presents be-
nign morphological changes but invasive, metastatic, and
recurrent biological behaviors of malignant tumors, earn-
ing it the moniker of benign cancer. The major symptoms
include dysmenorrhea, chronic pelvic pain, irregular men-
struation, and infertility [1]. Endometriosis can occur in all
pelvic tissues and organs, particularly the ovaries [2].

Surgery is the standard treatment for ovarian en- to identify the risk factors may help to provide individual-
dometriosis, but the postoperative recurrence rate is high.  ized long-term management and follow-up based on clinical
Recurrent endometriosis is the regeneration or reappear-  conditions and reduce postoperative recurrence.

ance of lesions after standard surgery and drug treatment,
with clinical symptoms returning to or even exceeding the
level before treatment after symptom relief. According to
previous studies, the five-year recurrence rate after conser-
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2. Methods
2.1 Search Strategy

Systematical searches were performed on PubMed,
Embase, Web of Science, and Cochrane Library for stud-
ies published online before October 2022 on postopera-
tive recurrence of ovarian endometriosis. The search terms
included “endometriosis” (e.g., “endometrioses”, “en-
dometrioma”, and “endometriomas”), “recurrence” (e.g.,
“recurrences”, “relapse”, “relapses”, and “recrudescence”)
and “factors” (e.g., “reasons” and “element”), as shown in

Supplementary Table 1.

2.2 Inclusion and Exclusion Criteria
2.2.1 Inclusion Criteria

(1) Studies of factors related to the postoperative re-
currence in patients with ovarian endometriosis;

(2) Cohort studies or case-control studies;

(3) With subjects concerning patients with ovarian en-
dometriosis confirmed by postoperative pathological exam-
ination;

(4) With a postoperative follow-up time of at least six
months;

(5) The postoperative recurrence was confirmed by ul-
trasound and reoperation.

2.2.2 Exclusion Criteria

(1) Reviews, abstracts, case reports, meta-analyses,
and other non-clinical studies;

(2) Postmenopausal endometriosis;

(3) Endometriosis in adolescents;

(4) Studies with incomplete original data;

(5) Repeated studies.

2.3 Data Extraction and Quality Assessment

With the search terms and inclusion and exclusion
criteria, relevant studies were retrieved from the above
databases. The relevant literature was initially screened
by reading the titles and abstracts, and those that failed to
meet the requirements were excluded. Then, the full texts
were read, and those that failed to meet the requirements
were further excluded. Disagreements on literature inclu-
sion were resolved through discussion or judgment by a
third researcher. Studies with similar contents were care-
fully checked in terms of the title, author, and affiliation to
determine whether they were duplications. Only one of the
confirmed duplications was included.

After the literature selection, two researchers ex-
tracted the data from the included literature using the pre-
pared table. Any discrepancies were settled by a third re-
searcher. The extracted data included the first author, year
of publication, age at surgery, age of menarche, dysmen-
orrhea, postoperative pregnancy, infertility, endometrio-
sis operation history, combined myoma, combined adeno-
myosis, postoperative medication, family history, preoper-

ative carbohydrate antigen (CA-125), ovarian cyst, body
mass index (BMI), laterality of endometriosis (EMs), -
American Fertility Society (r-AFS) stage, and extent of
surgery. The included studies were evaluated using the
Newcastle-Ottawa Scale (NOS). Studies with a NOS score
>6 were considered high quality. The NOS scores of each
study are included in Tables 1,2 (Ref. [7-24]). Supple-
mentary Table 2 shows the findings on the certainty of ev-
idence.

2.4 Statistical Analysis

Review Manager 5.4 (the International Cochrane Col-
laboration, Nordic Cochrane Centre, Oxford, United King-
dom) was employed for the analysis. Efficacy analysis
statistics were expressed by odds ratio (OR) for dichoto-
mous variables and by mean difference (MD) and 95% con-
fidence interval (CI) for continuous variables to evaluate the
impact of related factors on recurrence. The test level was
p < 0.05, and the I? statistic was used to assess heterogene-
ity. The fixed effects model was adopted since homogene-
ity was indicated by p > 0.1 and I? <50%. If p < 0.1 and
I?2 >50%, the random effects model was used considering
the large heterogeneity among studies. Sensitivity analysis
was performed to assess the stability and reliability of the
pooled results. Publication bias was evaluated using funnel
plots.

3. Results
3.1 Literature Retrieval

The literature retrieval process yielded 6768 poten-
tially eligible studies. In addition, 3 studies were identi-
fied from the reference lists of the included studies. A to-
tal of 4615 studies were screened out by two reviewers in-
dependently after excluding duplicate studies. After read-
ing the titles and abstracts, 4542 studies not associated with
recurrent risk factors for ovarian endometriosis were fur-
ther excluded. The remaining 73 studies were then fully re-
viewed. Among them, 5 were excluded due to insufficient
data; 3 studies were excluded due to inconclusive postoper-
ative pathologic findings; 25 studies were disqualified due
to the lack of a control group or a non-recurrent group as
the control group; 19 studies were excluded as cyst recur-
rence was not selected as an outcome; and 14 studies were
disregarded due to insufficient postoperative follow-up. Fi-
nally, this meta-analysis included 18 studies satisfying the
inclusion criteria. The flow chart of the literature selection
process is shown in Fig. 1.

3.2 Study Characteristics

The included literature was retrospective studies pub-
lished between 2006 and 2022, which covered 6388 patients
with endometriosis, with 1138 and 5250 in the relapsing
and non-relapsing groups. The basic information of the in-
cluded literature is presented in Table 3 (Ref. [7-24]). The
comprehensive analysis of relapsing-related factors is listed
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Table 1. Literature quality evaluation of the included cohort studies.

Research Selection ~ Comparability ~ Outcome Score
Vercellini ez al. 2006 [7] * Kk % * % 6
Sengoku et al. 2013 [8] * Ok kK ok sk 7
Selcuk et al. 2016 [9] ok k% * * k% 8
Kigiikbas ef al. 2018 [10] * ok ok ok * % * % 8
Hidari et al. 2019 [11] LR * % % 7
Lietal 2019 [12] * sk ok ok * ® ok 8
Zhang et al. 2019 [13] ok ok * * % % 8
Won et al. 2020 [14] EE * * % % 8
Del Forno et al. 2021 [15] * KK K * * % 8
Wacharachawana et al. 2021 [16] * K K K * * kK 8
Yu et al. 2022 [17] * ok Kk * ok * 7
Tarumi et al. 2022 [18] ok k% * * k% 8
Huang et al. 2022 [19] * Ok kK * % * 8

Refer to the Newcastle-Ottawa Scale, from lowest to highest * (one point) to **** (four points).

Table 2. Literature quality evaluation of the included case-control studies.

Research Selection  Exposure  Outcome Score
Hayasaka et al. 2011 [20] *® ok ok ok * % % 7
Campo et al. 2014 [21] * ok ok ok * * % 7
Chon et al. 2016 [22] * k% * % * % 8
Han et al. 2017 [23] * kK * * ok % 8
He et al. 2018 [24] * kK K * ok * ok 3

Refer to the Newecastle-Ottawa Scale, from lowest to highest * (one point) to

**%% (four points).

in Table 4. The analyzed potential risk factors included age
of menarche, age (years), infertility, postoperative preg-
nancy, BMI (kg/m?), preoperative CA-125 (U/mL), fam-
ily history, dysmenorrhea, r-AFS stage, presence of adeno-
myosis, presence of myoma, cyst size, laterality of EMs,
cystectomy of the affected site, postoperative medication,
and previous endometriosis-related surgery. With 18 stud-
ies having NOS scores between 6 and 8, the included studies
were of moderate to high quality (Tables 1,2).

3.3 Pooled Results for Potential Risk Factors

Age at surgery: In total, 12 studies [8,10-14,16,20-
24] with 4611 patients reported the connection between
age at surgery and postoperative endometriosis recurrence.
Since the heterogeneity was significant (12 = 52%, p = 0.02),
the random-effects model was applied. The findings re-
vealed that the recurrence rate of endometrioma decreased
significantly with age (MD =-0.69, 95% CI=-1.33~-0.05,
Z=2.11,p=0.04; Fig. 2A).

Age of menarche: A total of 3 studies [20,23,24] re-
ported the connection between the age of menarche and
postoperative recurrence (12 = 0%, p = 0.72). With little het-
erogeneity among the 3 studies, the fixed-effects model was
used, and the results revealed no significant difference in
the age of menarche between the recurrence group and the
non-recurrence group (MD =-0.18, 95% CI =-0.44~0.08,
Z=1.35,p=0.18; Fig. 2B).

&% IMR Press

Dysmenorrhea: The effect of dysmenorrhea on re-
currence was reported in 6 studies [9,11,16,17,21,22]. With
significant heterogeneity between the studies (12 = 57%,
p = 0.04), the random-effects model was applied, and the
findings revealed that dysmenorrhea had no effect on re-
currence (OR = 1.95, 95% CI =0.95~4.02, Z =182, p =
0.07; Fig. 2C).

Postoperative pregnancy: There were 7 studies [8,
12,14,17,19-21] investigating the effect of postoperative
pregnancy on recurrence. As the heterogeneity among
the studies was significant (I> = 83%, p < 0.00001), the
random-effects model was employed. The results revealed
that patients impregnated after surgery had a lower risk of
recurrence (OR = 0.40, 95% CI1=0.19~0.82,Z=2.52, p =
0.01; Fig. 2D).

Infertility: Exactly 8 studies [8,9,11,12,14,16,19,21]
covered the relationship between infertility and postopera-
tive endometriosis recurrence. The fixed-effects model was
used due to the absence of significant heterogeneity among
the 8 studies (12 = 41%, p = 0.10), which demonstrated no
significant difference in infertility between the recurrence
group and the non-recurrence group (OR = 0.95, 95% CI =
0.71~1.26,Z=0.37, p = 0.71; Fig. 2E).

Endometriosis operation history: There were 4
studies [8,10,14,16] investigating the effect of previous rel-
evant surgery history on postoperative endometriosis recur-
rence. Due to the little heterogeneity among the 4 studies
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Fig. 1. Flow chart of the literature selection process.

(12 = 45%, p = 0.14), the fixed-effects model was applied.
The results revealed that previous relevant surgery history
significantly affected the recurrence, and the recurrence rate
was high in patients with previous related surgeries (OR =
1.90, 95% C1=1.45~2.51,Z=4.58, p < 0.00001; Fig. 2F).

Combined myoma: The effect of combined myoma
on recurrence was reported in 8 studies [8,11,12,16,18—
20,23], with no significant heterogeneity (12 = 39%, p =
0.12). The findings revealed that the recurrence rate in-
creased with combined myoma (OR = 1.44, 95% CI =
1.07~1.94,Z =2.42, p = 0.02; Fig. 2G).

Combined adenomyosis: In total, 7 studies [8,11,
12,16,18,19,23] with 1287 patients reported the connec-
tion between combined adenomyosis and the postopera-
tive recurrence rate of ovarian endometriosis, with mini-
mal heterogeneity (I = 4%, p = 0.40). The findings based
on the fixed-effects model revealed that combined adeno-
myosis enhanced the recurrence rate (OR = 1.53, 95% CI =
1.11~2.11, Z = 2.60, p = 0.009; Fig. 2H).

Postoperative medication: There were 8 studies [8,
12,14,17,20-22,24] reporting the effect of postoperative
medication on postoperative recurrence, with significant
heterogeneity (12 = 71%, p = 0.001). Analysis of the results
based on the random-effects model revealed that patients
treated with medication had a lower risk of recurrence (OR
=1.64,95% CI =1.02~2.62, Z = 2.06, p = 0.04; Fig. 21).

Insufficient data (n=5)
Inconclusive postoperative pathologic findings (n=3)

No non-recurrence group as a contral group or no
control group (n=25)

No cyst recurrence as an outcome (n=19)

Insufficient postoperative follow-up time (n=14)

Family history: The effect of family history on recur-
rence was reported in 2 studies [10,21], which had no sig-
nificant heterogeneity between them (12 = 47%, p = 0.17).
The findings based on the fixed-effects model revealed that
family history affected the recurrence (OR = 2.18, 95% CI
=1.10~4.29, Z = 2.24, p = 0.02; Fig. 2J).

Preoperative CA-125: In total, 5 studies [10,12,14,
22,23] with 3548 patients reported the connection between
preoperative CA-125 and postoperative recurrence rate of
ovarian endometriosis. Since the heterogeneity was signif-
icant (I = 78%, p = 0.001), the random-effects model was
applied. The findings showed a statistically significant cor-
relation between CA-125 and the endometriosis recurrence
rate (MD = 24.08, 95% CI = —7.55~40.61, Z =2.85, p =
0.004; Fig. 2K).

Size of ovarian cyst: There were 10 studies [8,10,
11,14,16,20-24] concerning the relationship between cyst
size and postoperative recurrence. With significant hetero-
geneity among the 10 studies (I = 85%, p < 0.00001), the
random-effects model was used, which showed no signifi-
cant difference in cyst size between the recurrence group
and the non-recurrence group (MD = 0.48, 95% CI = —
0.21~1.17,Z=1.37, p=0.17; Fig. 2L).
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Table 3. Baseline characteristics of all included studies.

Study cohort Year Affiliation Study design Inclusion criteria Exclusion criteria Recurrence/Non- Indicators of
recurrence observation
The First Department (1) Prev.i(?us clin.ical or endosco-pi‘c diagnosis of endometriosis;
. . X L (2) Participated in controlled clinical trials;
L of Obstetrics and Gyn- . (1) Consecutive women with any type of endometriotic . .
Vercellini et al. [7] 2006 ; Retrospective Study | (3) Previous abdominal surgery except appendectomy; 69/660 ®
aecology of the Unive- lesion. . . . . . Lo
R . (4) Diagnosis of gastrointestinal, urological, or orthopedic diseases
rsity of Milan . . TN .
with potential pain irradiation to the pelvic area;
(5) Known psychiatric disturbances.
Tohoku University Ho- 1) At least f post tive follow-up aft der-

Hayasaka et al. [20] 2011 0_ oK ruver.s1 Y . ° Retrospective Study ( ) castone yf:ar © -p.os operative ? ow-upa e,r under (1) Any prior surgery for ovarian endometriomas. 78/95 COOO®
spital or Sendai Social going laparoscopic excision of an ovarian endometrioma; 2B
Insurance Hospital (2) Patients were followed up every six months for the

first year after the operation, followed by any follow-up as
needed.
1) At least two years of postoperative follow-up; 1) No follow-up within two years;
Asahikawa Medical Un- _ M years of postoperd o) p within two y SlololololT)

Sengoku et al. [8] 2013 . . . Retrospective Study (2) Underwent laparoscopic excision of ovarian endometrio- (2) Irregular menstruation cycles; 73/175

iversity Hospital L ; @B B
mas of >3 c¢m in diameter. (3) Malignancy.
The Department of Ob- (1) Minimal or mild endometriosis;
tetri d G log- 2) Rect inal end triosis, dj t treat t with estro-

Campo et al. [21] 2014 stetrics an yTleco ?g Retrospective Study (1) At least 1 ovarian endometrioma >2 cm in diameter. @ ec.ovagma encometriosis, neoadjuvant treatment with estro 27/121 OO0
y of the Catholic Unive- progestins; ®B®B
rsity of the Sacred Heart (3) Gonadotropin-releasing hormone (GnRH) analogs;

(4) Follow-up period under 12 months.
(1) Underwent laparoscopic ovarian endometriotic cystec- (1) Underwent bilateral oophorectomy at the time of endometrioma
Zeynep Kamil Training tomy; surgery; OO0
Selcuk et al. [9] 2016 and Researching Hospi- Retrospective Study (2) Regular postoperative follow-up period. (2) Ovarian endometrioma treated with drainage, ablation, fenes- 27/36 0O
tal tration techniques, or incompletely stripped;
(3) Postmenopausal status;
(4) No postoperative follow-up;
(5) Postoperative medical therapy for endometriosis.
Department of Obstetri- 1) Not diagnosed with pathologically;
P . . (1) Suspected of endometrioma using ultrasonography and M . e . p greally OO®®
Chon et al. [22] 2016 cs and Gynecology, Gil Retrospective Study . . . . (2) Without endometrioma; 37/199
. . pathologically diagnosed with endometrioma. . . . DB
Hospital, Gachon Unive- (3) Previously underwent surgery due to endometrioma in other
rsity College of Medicine hospitals.
(1) Underwent surgical operation including at least ovarian (1) Incomplete medical records;
. cystectomy for ovarian endometrioma; (2) Loss of follow-up before 24 months after primary surgery; OOOG®®
Kyungpook National Un- . . :
Han et al. [23] 2017 . v Hospital Retrospective Study (2) Reproductive ages (2040 years old). (3) Concurrently hysterectomized; 27/77 ®O®OMH®
iversity Hospita
v P (4) Menopaused; (®T)]
(5) History of previous endometriosis-related surgery.
The Zeynep Kamil Rese- (1) Underwent laparoscopic unilateral/bilateral endometri- (1) Underwent oophorectomy or hysterectomy; DEEDD

Kiigiikbas et al. [10] 2018 arch and training hospit- Retrospective Study oma cystectomy; (2) Diagnosis of malignancy; 56/113 0O®

al in Turkey (2) Followed for more than 6 months. (3) Intraoperatively diagnosed adnexal pathology requiring subse-
quent unilateral or bilateral oophorectomy.
Department of Obstetr- (1) Postoperative histopathological diagnosis of ovarian en-
He et al. [24] 2018 ics and Gynecology at ~ Retrospective Study dometriosis; (1) The combination of malignant or borderline tumors. 45/180 OOOE®B

Peking Union Medical
College Hospital

(2) Aged 45 years and over at the time of surgery;
(3) The clinical and pathological data were complete.
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Table 3. Continued.

Study cohort Year Affiliation Study design Inclusion criteria Exclusion criteria Recurrence/Non- Indicators of
recurrence observation
. . (1) Age between 35 and 45 years; (1) The presence of bilateral endometriomas;
o The University of . . . L . . . OOO®®®
Hidari et al. [11] 2019 . Retrospective Study (2) Preoperative magnetic resonance imaging (MRI)- (2) Previous unilateral or bilateral oophorectomy; 8/42
Tokyo Hospital . . . . . . (OEIE)
confirmed unilateral ovarian endometrioma. (3) Pathological diagnosis of malignancy.
(1) Diagnosis confirmed by pathologists; (1) Age <20 or >45 years; OO0
Peking Union Med- 2) Conducted ultrasonography to determine endometri- (2) Having undergone bilateral oophorectomy or hysterec-
Li et al. [12] 2019 | e , Retrospective Study ) Eraphy @ g underg P v orhy 68/290 ®OOO®
ical College Hospital oma recurrence at least 6 months after surgery; tomy; 06
(3) Patients were observed without postoperative medica- (3) Intra-operative conversion to laparotomy.
tions or were treated with postoperative GnRHa injections
for 3-6 cycles;
(4) The duration of follow-up was at least 5 years.
The Gynaecology and (1) Patients who previously underwent surgery; (1) Patients with primary ovarian carcinoma or ovarian
Zhang et al. [13] 2019 Obstetrics Depart- Retrospective Study metastases; 39/74 [©]6l0¢)
ment of Tianjin Centre (2) Ovarian endometriosis malignancy or non-malignant (2) Patients who refused surgical therapy or accepted con-
Hospital ovarian endometriosis confirmed by postoperative servative treatment;
pathology;
(3) Patients with complete clinical data. (3) Patients who had incomplete clinical data.
(1) Gynecologic malignancy;
2) Underwent bilateral oophorectomy;
CHA Gangnam Med- . (1) Patients were surgically treated and displayed @ ' P Y POOG®
Won et al. [14] 2020 . Retrospective Study . . . (3) Menopause; 362/2319 OBB®B
ical Center pathologically confirmed ovarian endometriosis. . . . . .
(4) Revised American Society of Reproductive Medicine @
(rASRM) stage of T or II (n = 18) at initial surgery;
(5) Follow-up duration of <6 months.
Gynecology and Hum- (1) The presence of a histological diagnosis of ovarian (1) Bilateral oophorectomy;
Del Forno et al. [15] 2021 an Reproduction Physi- Retrospective Study endometrioma; 45/161 ®
opathology, IRCCS Az- (2) A minimum follow-up period of 12 months. (2) Hormonal therapies other than EPs and Ps pregnancy;
ienda Ospedaliero-Uni- (3) Menopausal state diagnosed postoperatively or during
versitaria di Bologna follow-up.
1) Underwent laparoscopic surgery with a provisional di- (1) Non-ovarian endometriosis from pathologic reports;
Bhumibol Adulyadej . (1) Underwent laparoscopic surecry with ap o pathologic rep SOIO100)
Wacharachawana et al. [16] 2021 Hospital Retrospective Study agnosis of ovarian endometriosis; 24/82 DOO®
P (2) Follow-up visits of at least one full year postoperation. (2) Incomplete follow-up (follow-up of less than one full
year);
(3) Incomplete medical data.
Department of Gynae- El) Not pregnant for more than 1 year without contracep- (1) Cognitive dysfunction or mental illness;
ion;
logy, Zhoushan Wo- . ’ . . . .
Yuetal [17] 2022 SO08Y 01.15 an o Retrospective Study (2) Ultrasonography showed that there was growth and (2) Accompanied by dysfunction of the heart, liver, kidney, 30/128 POO®O
men and Children Ho- ) . . . (®lC)
ital infiltration outside the endometrium, and repeated bleed- and other organs;
spita

ing formed nodules and masses, which caused pain;

(3) Patients who did not take hormone drugs within 6
months before the study;

(4) The clinical data are complete.

(3) With contraindications for operation;

(4) There are drug contraindications;
(5) Failed to meet the follow-up conditions.
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Table 3. Continued.

Study cohort Year Affiliation Study design Inclusion criteria Exclusion criteria Recurrence/Non- Indicators of
recurrence observation

Department of Obstetr- 1) Reproductive age; 1) Less than 2-year postoperative follow- eriod;

Tarumi er al. [18] 2022 Pormen ™ Retrospective Study ) Reproductive age; _ ) M) 1 Z-year postoperative ToTlow=up perioc; 36/96 DECOO
ics and Gynecology, K- (2) Underwent total laparoscopic cystectomy for ovarian en- (2) Pregnancy within 12 months after surgery. HOB
yoto Prefectural Unive- dometriosis with or without excision of deep endometriosis
rsity of Medicine (DE).
The Department of Gyn- (1) Aged 18 to 45 years at the time they underwent surgery; (1) Patients treated with radical surgery or having gynecologic ma-

1 dT , C- . li i th li ies;

Huang et al. [19] 2022 ceology and tumors Retrospective Study R . . . 1gnanclles or 0, e'r MAlEnancies . L. 49/240 POOO®
hangzhou Maternal and (2) Surgery was laparoscopic ovarian cyst debulking, which (2) Patients with incomplete medical records or lost visits or who HO®B
Child Health Care Hos- is a fertility-preserving surgery that is done without remov- were unwilling to cooperate with a follow-up visit;
pital, Affiliated with Na- ing fallopian tubes and ovaries;
njing Medical University (3) Complete clinical history data and follow-up information (3) Patients who had laparoscopic intermediate open surgery;

were available;
(4) Postoperative follow-up time was more than 12 months. (4) Patients with pelvic tuberculosis, ovulation disorders, genital
malformations, and other causes of infertility.

Indicators of observation: (1) Age of menarche; (2) Age (years); () Infertility; (@ Postoperative pregnancy; () Body mass index (kg/m?); (® Preoperative CA-125 (U/mL); (9 Family history; (8) Dysmenorrhea; 3 r-AFS stage; (@ Presence of adenomyosis;
@ Presence of myoma; G2 Cyst size; @ Laterality of EMs; @@ Cystectomy of affected site; @3 Postoperative medication; @6 Previous endometriosis related surgery. GnRHa, gonadotropin-releasing hormone agonist; CA-125, carbohydrate antigen; r-AFS,
r-American Fertility Society; EMs, endometriosis; EPs, exaggerated placental site; Ps, placental site.
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Table 4. Pooled analysis of each relapse-related factor.

. Number Recurrence Aggregate effect Heterogeneity
Correlation factors . Effect model
of studies /Non-recurrence QR/MD 95% CI pvalue pvalue 12%

Age at surgery 12 844/3767 -0.69 —1.33~-0.05 0.04 0.02 52% Random-effects model
Age of menarche 3 150/352 -0.18  —0.44~0.08 0.18 0.72 0%  Fixed-effects model
Dysmenorrhea 6 153/608 1.95 0.95~4.02 0.07 0.04  57% Random-effects model
Postoperative pregnancy 7 687/3368 0.40 0.19~0.82 0.01 <0.00001 83% Random-eftects model
Infertility 8 638/3305 0.95 0.71~1.26 0.71 0.10  41% Fixed-effects model
Endometriosis operation history 4 515/2689 1.90 1.45~2.51 <0.00001 0.14  45% Fixed-effects model
Combined myoma 8 363/1097 1.44 1.07~1.94 0.02 0.12 39%  Fixed-effects model
Combined adenomyosis 7 285/1002 1.53 1.11~2.11 0.009 0.40 4%  Fixed-effects model
Postoperative medication 8 720/3507 1.64 1.02~2.62 0.04 0.001  71% Random-effects model
Family history 2 83/234 2.18 1.10~4.29 0.02 0.17  47% Fixed-effects model
Preoperative CA-125 5 550/2998 24.08 -7.55~40.61 0.004 0.001  78% Random-effects model
Size of ovarian cyst 10 737/3403 0.48 —0.21~1.17 0.17  <0.00001 85% Random-effects model
BMI 9 752/3471 -0.21 —0.46~0.03 0.08 0.58 0%  Fixed-effects model
Laterality of EMs 11 792/3794 1.19 1.00~1.40 0.04 0.04  48% Fixed-effects model
r-AFS stage 13 1005/4652 0.57 0.48~0.66 <0.00001  0.46 0%  Fixed-effects model
Cystectomy of the affected site 3 457/2686 3.94 0.07~216.5 0.50 <0.00001 98% Random-effects model

OR, odds ratio; MD, mean difference; BMI, body mass index; CI, confidence interval; EMs, endometriosis; r-AFS, r-American Fertility

Society.

BMI: The effect of BMI on recurrence was reported in
9 studies [8,10,12,14,16,20-23], which had no significant
heterogeneity (I = 0%, p = 0.58). Using the fixed-effects
model, the results revealed that the difference between the
recurrence group and the non-recurrence group was not sta-
tistically significant (OR =-0.21, 95% CI =-0.46~0.03, Z
=1.73, p = 0.08; Fig. 2M).

Laterality of EMs: In total, 11 studies [8—10,12,14,
17-19,21-23] with 4586 patients reported the effect of lat-
erality of EMs on the recurrence rate. Since the heterogene-
ity was significant (I = 48%, p = 0.04), the fixed-effects
model was applied. The findings revealed that the recur-
rence rate of patients with bilaterality of cyst was signifi-
cantly higher than that of patients with unilaterality (OR =
1.19, 95% CI = 1.00~1.40, Z = 2.02, p = 0.04; Fig. 2N).

r-AFS stage: There were 6 studies [7,10,12,13,19,22]
that reported on the difference between stages I and II ver-
sus stages Il and IV on endometriosis relapse, which had
little heterogeneity (I = 43%, p = 0.12). The fixed-effect
model was used to reveal the effect of the r-AFS stage on
postoperative recurrence. The recurrence rate of stage I and
IT patients was 0.30 compared to stage III and IV patients
(OR =0.30, 95% CI = 0.19~0.46, Z = 5.46, p < 0.00001;
Fig. 20).

There were also 13 studies [7-10,12—19,22] report-
ing the difference between stage III and stage IV on en-
dometriosis relapse, with little heterogeneity (12 = 0%, p
= 0.46). The fixed-effect model was used to reveal the
effect of the r-AFS stage on postoperative endometriosis
recurrence. The recurrence rate of stage III patients was
0.57 compared to stage IV patients (OR = 0.57, 95% CI =
0.48~0.66, Z =7.13, p < 0.00001; Fig. 2P).

Cystectomy of the affected site: The effect of cystec-
tomy of the affected site on postoperative recurrence was
reported in 3 studies [12,14,23], which had significant het-
erogeneity (I = 98%, p < 0.00001). Using the random-
effect model, the results revealed no effect on recurrence
by removing only the affected part (OR = 3.94, 95% CI =
0.07~216.50, Z = 0.67, p = 0.50; Fig. 2Q).

3.4 Sensitivity Analysis

Sensitivity analysis was performed on postoperative
pregnancy, infertility, combined myoma, combined adeno-
myosis, endometriosis operation history, ovarian cyst size,
BMI, and r-AFS stage. After removing the data one by one,
no significant change was found in the analysis results, in-
dicating the reliability of the summary results. Sensitivity
analysis was also performed on dysmenorrhea. Following
the exclusion of the study by Wacharachawana et al. [16],
the heterogeneity was statistically changed (12 = 44%, p =
0.13).

The results revealed that dysmenorrhea had an effect
on endometriosis recurrence, and the recurrence rate of pa-
tients with dysmenorrhea was high (OR = 2.44, 95% CI =
1.26-4.73,Z =2.65, p = 0.008).

3.5 Publication Bias

r-AFS stage was used for the funnel plot analysis to
assess the publication bias. As shown in Fig. 3, all the in-
cluded studies are in inverted funnel plots with good sym-
metry. Therefore, the publication bias of the included stud-
ies has relatively little impact on the results.
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Fig. 2. Pooled results for potential risk factors.
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Fig. 3. The funnel plot of studies included in the r-AFS stage analysis.

4. Discussion

As a benign disease, the exact pathogenesis of en-
dometriosis has not been fully elucidated. The numer-
ous theories include endometrial implantation theory [25],
lymphatic and venous dissemination theory [26], coelomic
metaplasia theory [27], and immunity and inheritance the-
ory [28]. However, it is difficult to explain the exact mecha-
nisms of endometriosis with one theory, and many hypothe-
ses are linked to the pathogenesis and progression of en-
dometriosis. Currently, the most widely accepted theory of
endometriosis is endometriotic implantation caused by ret-
rograde menstruation, in which endometrial glandular ep-
ithelial and mesenchymal cells are ectopically implanted
in the ovary by retrograde menstruation, where they con-
tinue to grow and spread to form ectopic lesions [6]. En-
dometriosis does not, however, occur in all women with ret-
rograde menstruation. The hypothesis of abnormal eutopic
endometrium partly explains why most women of child-
bearing age have retrograde menstruation and only a few
develop endometriosis, which constitutes an important sup-
plement and extension to the theory of ectopic implantation
[29,30]. This hypothesis may provide a satisfactory expla-
nation for the same mutations carried by the true and ec-
topic endometrial tissues in patients. However, in the study
by Koppolu et al. [31], no variants were found common to
both tissues from the same patient, thus not supporting this
hypothesis.

Recurrence is one of the many difficulties in the clin-
ical management of endometriosis. Identifying the fac-
tors related to postoperative endometriosis recurrence can
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provide insights into the individualized treatment of en-
dometriosis to help clinicians determine the risk of recur-
rence and formulate treatment plans from the perspective
of personalized medicine.

4.1 Risk Factors for Endometriosis Recurrence

Age at surgery: Studies have revealed that the en-
dometriosis recurrence rate decreases with age, while the
age at the time of surgery is a risk factor for recurrence.
Higher estrogen levels in young women induce persistent
growth of residual lesions. The study by Yang et al. [32]
also demonstrated that younger age at surgery was a sig-
nificant risk for postoperative recurrence of ovarian en-
dometriosis. Therefore, more attention should be attached
to young female patients, and the number of follow-up vis-
its should be increased.

Family history: This study suggests that family his-
tory has some impacts on postoperative endometriosis re-
currence and confirms the existence of genetic trait changes
in the pathogenesis of endometriosis. The genetic differ-
ences lead to molecular biological differences between the
eutopic endometrium of patients and normal subjects.

Preoperative CA-125: Carbohydrate antigen CA-
125 is a glycoprotein derived from coelomic epithelial cells
and expressed in normal tissues, which could offer some in-
sights into the diagnosis of endometriosis [33]. The above
studies concluded that postoperative CA-125 was a risk fac-
tor for postoperative endometriosis recurrence. However,
CA-125 is a sensitive but poorly specific indicator, and
many other diseases also cause marked increases in CA-
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125. Therefore, CA-125 can be used as a follow-up index
but not a diagnostic index of postoperative recurrence. In
addition, CA-125 levels can vary with the menstrual cycle.
An increased sample size is needed to improve the accuracy
of this study.

Laterality of EMs: This study revealed that the re-
currence rate of patients with bilaterality of cysts was sig-
nificantly higher than that of patients with unilaterality. It is
speculated that bilateral cysts may increase the possibility
of residual lesions. This conclusion is consistent with the
current clinical consensus but contrary to the conclusion of
Han ef al. [34] and Koga et al. [35], suggesting no signif-
icant association between bilateral cysts and postoperative
recurrence. Therefore, it is necessary to expand the sample
for further study.

Presence of adenomyosis: The results revealed that
adenomyosis was also a risk factor for postoperative en-
dometriosis recurrence as the pathogenesis of endometrio-
sis and adenomyosis overlap [36,37]. Therefore, the cor-
rect identification of endometriosis combined with adeno-
myosis and the formulation of personalized long-term post-
operative management plans play a crucial part in recur-
rence prevention.

Presence of myoma: Fibroids in the uterus were re-
garded as estrogen-dependent tumors. An animal model
of fibroid xenotransplantation revealed that steroids, in-
cluding estradiol and progesterone, were necessary for tu-
mor growth [37]. Therefore, the high estrogen in patients
with uterine fibroids affects the endometriosis recurrence
rate. Clinically, long-term management plans and regular
follow-ups should be made for postoperative patients with
uterine fibroids to prevent recurrence.

Previous endometriosis-related surgery: The re-
sults suggested that patients with previous endometriosis
surgeries had a higher postoperative recurrence rate, pos-
sibly because of the more aggressive endometriosis type in
patients with previous related surgeries. The mainstream
view is that whether the lesion is completely removed dur-
ing the operation determines the postoperative recurrence.
Therefore, surgeons should remove the lesion as much as
possible during the operation rather than relying on post-
operative adjuvant drugs. Radical surgery is recommended
for patients at high risk of recurrence and without fertility
requirements.

r-AFS stage: r-AFS stage is determined based on en-
dometriosis lesion size, location, degree of adhesion, etc.
[1,38]. This study concluded that the postoperative recur-
rence rate was higher with higher surgical scores and more
severe stages. In short, extensive lesion adhesions during
surgery tend to cause residual lesions and increase the risk
of recurrence. Therefore, through clinical analysis, the 1-
AFS stage is of certain reference significance to evaluate
the prognosis and disease severity. When selecting treat-
ment plans, the patient’s r-AFS stage should be considered.
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4.2 Protective Factors for Endometriosis Recurrence

Postoperative pregnancy: The combined data analy-
sis confirmed the benefit of postoperative pregnancy in pre-
venting endometriosis recurrence, possibly because preg-
nancy and postpartum lactation can lead to ovarian non-
ovulation and endometrium decidual-like changes, caus-
ing the necrosis of endometriosis lesions and reducing the
postoperative recurrence rate [39]. Therefore, Vercellini et
al. [40] also found that after endometriosis surgery, pa-
tients with fertility requirements were preferably impreg-
nated sooner.

Postoperative medication: The integrated data re-
vealed that patients treated with medication had a lower
risk of endometriosis recurrence. Gonadotropin-releasing
hormone agonist (GnRHa) can effectively inhibit the se-
cretion of endogenous gonadotrophins and lead to a hypoe-
strogenic state in vivo, causing deciduosis of endometrium
and necrosis of endometriosis lesions [41]. The study by
Adachi et al. [42] showed that the endometriosis recur-
rence rate was significantly reduced after 24 months of
dienogest (DNG) administration. In recent years, as an im-
portant means of long-term maintenance management af-
ter surgery, drug therapy has become a common clinical
treatment. In the meantime, Chiu et al. [43] also showed
that postoperative adjuvant plus maintenance therapy might
be the most effective intervention to prevent endometriosis
recurrence. However, the variety of drugs and the com-
plex action mechanisms require more accurate and exten-
sive studies to clarify the efficacy and safety of drugs [44].

4.3 Unrelated Factors for Endometriosis Recurrence

Age of menarche: Ponomarenko et al. [45] con-
cluded that some single nucleotide polymorphisms (SNPs)
for the age of menarche were associated with endometrio-
sis. Meanwhile, Vercellini ef al. [40] found in their study
on endometriosis that the early age of menarche in mod-
ern women was closely related to the high incidence of en-
dometriosis. However, this meta-analysis suggested that
the age of menarche had no significant effect on postop-
erative endometriosis recurrence. The increased incidence
of contemporary endometriosis may be attributed to the im-
proved detection rate. The understanding of the disease is
gradually deepened, and the disease becomes treatable, thus
increasing the detection rate of endometriosis.

Infertility: The mechanisms by which endometrio-
sis induces infertility are multifactorial, involving mechani-
cal, molecular, genetic, and environmental causes. New re-
search has found that changes in gene expression and gene
defects are also responsible [46]. However, infertility could
be caused by a variety of factors, the most common one be-
ing female pelvic inflammatory diseases, which cause the
fallopian tubes to adhere to prevent the ovum and sperm
from bonding and have no significant association with en-
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dometriosis incidence. Therefore, the fallopian factor ac-
counting for a large proportion of infertility may affect the
accuracy of the study results.

Cystectomy of the affected site: It is generally ac-
cepted in clinical practice that lesion resection alone leads to
an increased likelihood of endometriosis recurrence. How-
ever, the combined evidence here suggested that postopera-
tive recurrence rates were not significantly increased in pa-
tients with lesion resection alone.

Cyst size: Jiang et al. [47] revealed that greater cyst
diameters led to higher possibilities of endometriosis recur-
rence. On the one hand, the intraoperative residual lesions
of large cysts are more likely to conceal the potential factors
for recurrence. On the other hand, large cysts often repre-
sent greater ectopic cell vitality, thus increasing the recur-
rence rate. Nevertheless, the findings revealed no associa-
tion between cyst size and recurrence. We concluded from
the overall review that the possible cause was the lack of
an objective standard for the intraoperative cyst size evalu-
ation, which was mainly based on the subjective judgment
of the surgeon, thus bringing errors to cyst size calculation.
Therefore, improving the objective evaluation criteria for
cyst size is suggested to increase the accuracy of results.

BMI: As the endometrial tissue grows outside the
uterine cavity, the progesterone and estrogen signals are
interfered with, leading to progesterone resistance and es-
trogen dominance in patients with endometriosis [27,48].
Hormone disorders may lead to obesity in the patients and
thus increased BMI. It can be inferred that BMI may be
related to the recurrence of endometriosis. The study of
the relationship between ovarian endometriosis and obesity
here revealed no significant association between BMI and
endometriosis recurrence.

Dysmenorrhea: Previous studies have shown that the
direct and indirect effects of local bleeding in endometrio-
sis tissue, the actions of celiac inflammatory cytokines, and
stimulation or direct infiltration of pelvic floor nerve may
be the causes of dysmenorrhea [49]. Meanwhile, patients
with dysmenorrhea generally have more extensive lesions,
which are difficult to completely remove by surgery, thus
explaining the increased recurrence rates in patients with
dysmenorrhea. However, this analysis suggested that dys-
menorrhea was not a risk factor for recurrent endometrio-
sis, contrary to previous findings by Chon ez al. [22]. After
removing the study by Wacharachawana et al. [16] with
heterogeneous source, we found that patients with dysmen-
orrhea had a higher recurrence rate after surgery (OR =2.44,
95% CI=1.26~4.73, Z = 2.65, p = 0.008), which was con-
sistent with the research findings of Chon et al. [22]. Af-
ter carefully studying the research by Wacharachawana et
al. [16], no cause for heterogeneity was found. Therefore,
an increased sample is crucial for further exploration to en-
hance the reliability of the results.
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5. Conclusions

In summary, the pooled evidence suggested that the
following risk factors were significantly associated with en-
dometriosis recurrence, namely, age of surgery, family his-
tory, preoperative CA-125, laterality of EMs, presence of
adenomyosis, presence of myoma, previous endometriosis-
related surgery, r-AFS stage, postoperative pregnancy,
postoperative medication. The age of menarche, infertil-
ity, the extent of surgery, cyst size, BMI, and dysmenorrhea
were not associated with endometriosis recurrence. The
risk factors for relapse could be identified, and individual-
ized long-term management and follow-up could be tailored
to patient conditions. The sample size can be increased for
large-scale studies to confirm the inevitable limitations of
this meta-analysis.
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