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Abstract: Objective: To investigate the efficacy of goserelin (GOS) combined with laparoscopic surgery (LS) in the
treatment of endometriosis (EMS), and its effects on ovarian function and oxidative stress (OS). Methods: A total of
208 patients with EMS were enrolled in this retrospective study. The control group (n=102) received LS alone, while
the research group (n=106) received GOS combined with LS. The endpoints included therapeutic efficacy, time
to ovulation resumption, time to menstrual recovery, dysmenorrhea, pelvic pain, ovarian function indices [follicle-
stimulating hormone (FSH), estradiol (E,), luteinizing hormone (LH)], inflammatory markers [interleukin (IL)-1B, IL-6,
tumor necrosis factor (TNF)-«], OS indices [reactive oxygen species (ROS), malondialdehyde (MDA), advanced oxida-
tion protein products (AOPP)], adverse reactions, and postoperative recurrence. Subgroup analyses were performed
by stratifying patients based on age, ovarian cyst diameter, and American Society for Reproductive Medicine (ASRM)
classification. Results: Compared to the control group, the research group showed the following significant differenc-
es: (1) The total effective rate was notably higher, and the time to ovulation resumption and menstrual recovery was
significantly shorter; (2) Postoperative dysmenorrhea and pelvic pain were evidently relieved, and the postoperative
levels of FSH, E,, LH, IL-1B, IL-6, TNF-&, ROS, MDA, and AOPP were statistically lower; (3) The recurrence rates at 6
months and 1 year after surgery were significantly reduced (all P<0.05). There was no significant difference in the
overall incidence of adverse reactions between groups (P>0.05). The interactions of age, ovarian cyst diameter, and
ASRM classification with therapeutic efficacy were not statistically significant (all P>0.05). Conclusion: On the basis
of LS, the addition of GOS is effective for the treatment of EMS, and it exerts positive effects on improving ovarian
function and inhibiting OS.

Keywords: Goserelin, laparoscopic surgery, endometriosis, therapeutic effect, oxidative stress, ovarian function

Introduction work efficiency, physical and mental health,
and quality of life [4]. Its pathologic mechanism
is closely related to oxidative stress (0S), which
promotes the excessive secretion of pro-inflam-
matory molecules and drives the immune sys-
tem to shift towards a pro-inflammatory state.
This in turn damages ovarian reserve function,
reduces oocyte quality, further aggravates
EMS, and leads to impaired oocyte quality and

Endometriosis (EMS) is a common benign gyne-
cologic lesion, as well as a chronic estrogen-
dependent inflammatory disease that can
cause dysmenorrhea, chronic pelvic pain, infer-
tility, etc. [1, 2]. Epidemiologic data show that
EMS affects 11% of reproductive-aged women,
among whom 50-60% of women and adoles-

cent girls with pelvic pain, and 50% of infertile
women are affected by this disease [3].
Pathologically, EMS is characterized by the
growth of endometrial-like tissue outside the
uterus, mainly in the pelvic peritoneum, ova-
ries, and rectovaginal septa. It not only impairs
the fertility of women of childbearing age but
also affects their interpersonal relationships,

eutopic endometrium [5, 6].

Laparoscopic surgery (LS) is the standard treat-
ment for women with EMS-related pain or infer-
tility who fail to respond to pharmacotherapy,
with the effects of relieving pain and improving
fertility [7]. Its therapeutic mechanism is to
remove or destroy endometriotic lesions on the
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peritoneum, so as to minimize the adverse
effects of these lesions on oocyte quality and/
or embryo implantation [8]. Compared to open
surgery, LS provides a clearer view of lesions,
accelerates postoperative recovery, relieves
pain, and achieves better cosmetic outcomes
[9]. However, it still has some limitations, includ-
ing difficulty in completely removing deep and
micro-endometriotic lesions, high postopera-
tive recurrence risk, and further damage to
patients’ ovarian function [10].

Goserelin (GOS) is a gonadotropin-releasing
hormone (GnRH) agonist. Long-term use of
GOS can inhibit the secretion of pituitary gonad-
otropins, reduce serum estradiol (E,) to post-
menopausal levels, and thus induce the atro-
phy of ectopic endometrial lesions [11]. In addi-
tion, GnRH agonists can be used as postopera-
tive adjuvant therapy after laparoscopic eradi-
cation of deep infiltrating EMS, which helps
relieve pain and prevent postoperative recur-
rence [12]. Currently, there is insufficient
research on the mechanism of GOS combined
with LS for the treatment of EMS, particularly
regarding its efficacy and effects on ovarian
function and OS. This study aims to address
this clinical gap by conducting a relevant analy-
sis, so as to provide new insight for the man-
agement of EMS.

Patients and methods
General information

A total of 208 patients with EMS treated at the
Affiliated Hospital of Southwest Jiaotong
University from October 2021 to October 2024
were enrolled in this retrospective study. Among
them, 102 patients in the control group
received LS alone, and 106 patients in the
research group received GOS combined with
LS. Ethical approval was obtained from the
Ethics Committee of the Affiliated Hospital of
Southwest Jiaotong University.

Patient selection criteria

Inclusion criteria: (1) adult patients aged >18
years; (2) initially diagnosed with EMS accord-
ing to the relevant diagnostic criteria [13]; (3)
stage lI-IV disease according to the American
Society for Reproductive Medicine (ASRM) clas-
sification [14]; (4) meeting indications for LS;
(B) no allergy to the study drugs; (6) complete
clinical data.
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Exclusion criteria: (1) acute gynecologic inflam-
mation; (2) impaired vital organ function; (3)
primary immunodeficiencies; (4) other gyneco-
logical diseases (including polycystic ovary syn-
drome, adenomyosis, or hydrosalpinx); (5)
reproductive system infection or reproductive
tract malformations; (6) use of immunosup-
pressants, anti-infective agents, or other relat-
ed drugs within the past 3 months; (7) cognitive
impairment or abnormal mental status.

Treatment methods

The control group underwent LS, with specific
procedures as follows: Patients received gen-
eral anesthesia by endotracheal intubation and
were placed in the Trendelenburg lithotomy
position during surgery. A small arc-shaped
incision was made under the umbilical margin
to establish a pneumoperitoneum (pressure:
12-14 mmHg; 1 mmHg=0.133 kPa). Operating
holes were made at the left and right
McBurney’s points for the placement of laparo-
scopic and surgical instruments. During the
operation, the pelvic cavity was carefully
explored by laparoscopy; after lesion localiza-
tion, adhesive tissue was separated using an
electrocoagulation hook. Ovarian endometriot-
ic lesions were directly enucleated; peritoneal
lesions were directly resected or cauterized.
After thorough hemostasis, routine pelvic irri-
gation was performed to prevent pelvic adhe-
sions. Subsequently, the pneumoperitoneum
was decompressed, and the incision was clo-
sed. For infection prevention, patients received
routine antibiotic treatment before and after
surgery.

The research group received additional GOS
treatment on the basis of LS. GOS was subcuta-
neously implanted on the first day of menstrua-
tion, at a dose of 3.6 mg each time, once every
28 days. The postoperative treatment duration
for both groups was 6 months.

Outcome measures

Therapeutic efficacy: Efficacy was evaluated
according to the following criteria: Cure: no clini-
cal manifestations and no pelvic cysts detect-
ed. Markedly effective: no clinical manifesta-
tions and significant reduction in pelvic cysts.
Effective: clinical manifestations were con-
trolled, but pelvic cyst size did not decrease.
Ineffective: clinical manifestations deteriorat-
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ed, and pelvic cysts did not shrink. Total effec-
tive rate = (number of cured cases + number of
markedly effective cases + number of effective
cases)/total number of cases x 100%.

Postoperative recovery: The time to ovulation
resumption and menstrual recovery was
observed in both groups.

Postoperative pain: The intensity of dysmenor-
rhea and pelvic pain was assessed before
treatment and 6 months after treatment using
the 10-point Numeric Rating Scale (NRS) [15],
with higher scores indicating more severe pain.

Ovarian function indices: Fasting peripheral
venous blood (3 mL) was collected from each
patient before surgery and 6 months after sur-
gery, and serum was isolated by centrifugation.
Follicle-stimulating hormone (FSH), estradiol
(E,), and luteinizing hormone (LH) levels were
measured by radioimmunoassay.

Inflammatory markers: Enzyme-linked immuno-
sorbent assays (ELISAs) were performed to
detect serum interleukin (IL)-1p, IL-6, and tumor
necrosis factor (TNF)-« levels at baseline and 3
months after surgery.

OS indices: Serum reactive oxygen species
(ROS), malondialdehyde (MDA), and advanced
oxidation protein products (AOPP) levels were
quantified using ELISA before and 3 days after
surgery.

Adverse events: The occurrence and incidence
of postoperative adverse reactions, including
transaminase elevation, dizziness and fatigue,
gastrointestinal discomfort, and vaginal bleed-
ing, were recorded.

Postoperative recurrence: Patients in both
groups were followed up by telephone and out-
patient visits to compare the 6-month and
1-year postoperative recurrence rates.

Statistical methods

Measured data with a normal distribution were
expressed as mean + Standard Deviation (SD).
Independent samples t-test and paired t-test
were used for inter-group and intra-group (pre-
and post-intervention) comparisons, respec-
tively. Measured data with non-normal distribu-
tion were expressed as median (interquartile
range) [M (P25, P75)]. Mann-Whitney U test and
Wilcoxon signed-rank test were used for inter-
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group and intra-group comparisons, respec-
tively. For all continuous variables, Shapiro-Wilk
test was first performed to test for normality; A
P-value >0.05 indicated normal distribution,
and a P-value <£0.05 indicated non-normal dis-
tribution. Counted data were expressed as
cases (percentages) and analyzed by x? test. A
binary Logistic regression model (Enter meth-
od) was further constructed, with age (continu-
ous variable), ovarian cyst diameter (continu-
ous variable), and ASRM classification (Il vs. IlI-
IV) as subgroup variables, and treatment sub-
groups, subgroup variables, and their interac-
tion terms as covariates. The P-value for inter-
action was calculated to examine whether
subgroup variables acted as effect modifiers
for efficacy; a P-value for interaction <0.05
indicated a significant interaction. Hosmer-
Lemeshow test was used to assess the good-
ness-of-fit of the model. All data were imported
into SPSS 28.0 for statistical analysis, and a
significance level of P<0.05 was adopted.

Results
Patients’ general information

There were no significant differences between
the two groups in terms of age, disease course,
parity, body mass index (BMI), cyst diameter,
bilateral cyst status, or ASRM stage (all P>0.05;
Table 1).

Therapeutic efficacy

In the control group, there were 30 cured cases,
25 markedly effective cases, 22 effective
cases, and 25 ineffective cases; in the research
group, the corresponding numbers were 39,
32, 26, and 9, respectively. The total effective
rate was 91.51% in the research group and
75.49% in the control group, with significant
difference (P=0.002; Table 2).

Postoperative recovery

Patients in the research group had significantly
earlier ovulation resumption and shorter time
to menstrual recovery than those in the control
group (both P<0.001; Table 3).

Postoperative pain

NRS assessment results showed that there
were no significant differences in baseline dys-
menorrhea and pelvic pain between the two
groups (both P>0.05). Both groups showed
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Table 1. General data of the two groups of endometriosis patients

Variable Control group (n=102) Research group (n=106) X2/t/Z P
Age (years) 30.81+4.64 30.68+4.93 0.196 0.845
Disease course (years) 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) -0.558 0.577
Parity (times) 2.00 (1.00, 2.00) 1.50 (1.00, 2.00) -0.347 0.729
Body mass index (kg/m?) 22.42+2.12 22.76+2.27 1.115 0.266
Cyst diameter (cm) 3.89+1.02 3.82+0.96 0.510 0.611
Bilateral cysts 0.763 0.382

No 74 (72.55) 71 (66.98)

Yes 28 (27.45) 35 (33.02)
ASRM staging 0.269 0.874

Il 40 (39.22) 38 (35.85)

I 39 (38.24) 42 (39.62)

1% 23 (22.55) 26 (24.53)

Note: ASRM, American Society for Reproductive Medicine.

Table 2. Therapeutic effects of the two groups of endometriosis patients

Variable Control group (n=102) Research group (n=106) N P
Cured 30 (29.41) 39 (36.79)

Markedly effective 25 (24.51) 32(30.19)

Effective 22 (21.57) 26 (24.53)

Ineffective 25 (24.51) 9 (8.49)

Overall efficacy 77 (75.49) 97 (91.51) 9.755 0.002

Table 3. Postoperative recovery of endometriosis patients in the two groups

Variable Control group (n=102) Research group (n=106) t P
Time to ovulation resumption (d) 15.54+2.73 9.68+2.32 16.704 <0.001
Time to menstrual period recovery (d) 29.36+2.56 25.92+2.63 9.554 <0.001

Table 4. Postoperative pain of endometriosis patients in the two groups

Variable Control group (n=102) Research group (n=106) Z P
Dysmenorrhea (points; pre-operation) 6.00 (4.00, 7.00) 5.00 (3.00, 7.00) -1.097 0.272
Dysmenorrhea (points; post-operation) 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) -3.119 0.002
Pelvic pain (points; pre-operation) 5.00 (3.00, 6.00) 5.00 (4.00, 7.00) -1.731  0.083
Pelvic pain (points; post-operation) 2.00 (1.00, 3.75) 1.00 (1.00, 2.00) -4.484 <0.001
relieved dysmenorrhea and pelvic pain after Inflammatory markers

surgery, and the pain intensity in the research
group was significantly milder than that in the
control group (both P<0.01; Table 4).

Ovarian function indices

There were no significant differences in base-
line FSH, E2, or LH levels between the two
groups (all P>0.05). Postoperatively, these indi-
ces were significantly down-regulated in both
groups (all P<0.01), and the reduction was
significantly more in the research group (all
P<0.05; Figure 1).
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There were no significant differences in preop-
erative IL-1B, IL-6, or TNF-a levels between
the two groups (all P>0.05). These indices
decreased in both groups after surgery (all
P<0.05), and the levels in the research group
were significantly lower than those of the con-
trol group (all P<0.05; Figure 2).

OS indices

There were no significant differences in pre-
operative ROS, MDA, or AOPP levels between
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Figure 1. Ovarian function indices of endometriosis (EMS) patients in the two groups. A. Comparison of follicle-
stimulating hormone (FSH) levels between the control and research groups before and 6 months after the opera-
tion. B. Comparison of estradiol (E,) levels between the control and research groups before and 6 months after the
operation. C. Comparison of luteinizing hormone (LH) levels between the control and research groups before and 6
months after surgery. Note: *"P<0.01, *"P<0.001 vs. preoperative; #P<0.05 vs. control group.
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Figure 2. Inflammatory markers of endometriosis (EMS) patients in the two groups. A. Comparison of interleukin (IL)-
18 levels between the control and research groups before and 3 months after the operation. B. Comparison of IL-6
levels between the control and research groups before and 3 months after the operation. C. Comparison of tumor
necrosis factor (TNF)-a levels between the control and research groups before and 3 months after the operation.
Note: *"P<0.01,""*P<0.001 vs. preoperative; #P<0.05 vs. control group.
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Figure 3. Oxidative stress of endometriosis (EMS) patients in the two groups. A. The changing trend in reactive oxy-
gen species (ROS) levels in the control and research groups (preoperative vs. postoperative day 3) and inter-group
differences. B. The changing trend in malondialdehyde (MDA) levels in the control and research groups (preop-
erative vs. postoperative day 3) and inter-group differences. C. The changing trend in advanced oxidation protein
products (AOPP) levels in the control and research groups (preoperative vs. postoperative day 3) and inter-group
differences. Note: *"P<0.01,""P<0.001 vs. preoperative; *P<0.05 vs. control group.

the two groups (all P>0.05). The above indi- Adverse reactions

cators in both groups increased significantly

following the operation (P<0.01), with levels In the control group, 1 case had transaminase
lower in the research group than in the control elevation, 5 cases had dizziness and fatigue, 4
group (P<0.05; Figure 3). cases had gastrointestinal discomfort, and 6
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Table 5. Adverse events of endometriosis (EMS) patients in the two groups

Variable Control group (n=102) Research group (n=106) X2 P
Transaminase elevation 1 (0.98) 1(0.94) >0.999
Dizziness and fatigue 5 (4.90) 5(4.72) 0.004 0.950
Gastrointestinal discomfort 4 (3.92) 3(2.83) 0.717
Vaginal bleeding 6 (5.88) 4 (3.77) 0.532
Total 16 (15.69) 13 (12.26) 0.507 0.476

Table 6. Postoperative recurrence of endometriosis (EMS) patients in the two groups

Variable Control group (n=102) Research group (n=106) X2 P
6 months post-operation 15 (14.71) 6 (5.66) 4.686 0.030
1 year post-operation 25 (24.51) 8 (7.55) 11.205 <0.001
Table 7. Subgroup analysis
Subgroup variable B SE Wald P OR 95% ClI
Age (continuous variable)
Group -5.520 3.482 2514 0.113 0.004  0.000-3.683
Age -0.068 0.138 0.245 0.620 0.934 0.713-1.224
Age x Group 0.130 0.104 1.551 0.213 1.138  0.928-1.396
Cyst diameter (continuous variable)
Group -1.645 1.730 0.904 0.342 0.193 0.006-5.733
Cyst diameter -0.022 0.578 0.001 0.970 0.978 0.315-3.034
Cyst diameter x Group 0.101 0.425 0.057 0.812 1.106 0.481-2.543
ASRM classification (dichotomized)
Group -2.642 1.074  6.055 0.014 0.071 0.009-0.584
ASRM classification -2.122 1.428 2.207 0.137 0.120 0.007-1.969
ASRM classification x Group 1.859 1177  2.492 0.114 6.416 0.638-64.488

Note: ASRM, American Society for Reproductive Medicine.

cases had vaginal bleeding, with an overall inci-
dence of 15.69%. In the research group, 1 case
had transaminase elevation, 5 cases had dizzi-
ness and fatigue, 3 cases had gastrointestinal
discomfort, and 4 cases had vaginal bleeding,
with an overall incidence of 12.26%. There
were no significant differences in individual
adverse reactions or overall incidence between
the two groups (all P>0.05; Table 5).

Postoperative recurrence

Compared to the control group, the research
group had significantly lower 6-month and
1-year postoperative recurrence rates (P<0.05;
Table 6).

Subgroup analyses based on age, ovarian cyst
diameter, and ASRM classification

Age and cyst diameter (continuous variables),
as well as ASRM classification (dichotomized
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into Il vs. lll-IV), were included in the binary
Logistic regression model (Enter method).
Hosmer-Lemeshow test showed that the model
fitted well (P>0.05). The P-values for interaction
of all subgroup variables were greater than
0.05, indicating that the efficacy of the com-
bined therapy was consistent across different
age groups, ovarian cyst diameters, and ASRM
classifications. Age, ovarian cyst diameter, and
ASRM classification had no significant associa-
tion with therapeutic efficacy, nor did they act
as significant effect modifiers for efficacy (Table
7).

Discussion

This study found that Goserelin (GOS) com-
bined with laparascopic surgery (LS) signifi-
cantly improved the therapeutic efficacy in EMS
patients (91.51% vs. 75.49%). This may be
because GOS has a similar effect to hypotha-
lamic gonadotropin-releasing hormone, which
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can reduce the stimulation of estrogen on post-
operative microlesions and inhibit the secretion
of sex hormones by the pituitary gland, thereby
enhancing therapeutic efficacy [16]. Consistent
with our findings, Song et al. [17] reported that
GOS combined with LS was superior to LS alone
for the treatment of EMS in terms of efficacy.

Additionally, the time to ovulation resumption
and menstrual recovery was further shortened
by GOS intervention. This may be because GOS
can reversibly restore the function of the hypo-
thalamus-pituitary-ovary axis after treatment
discontinuation, normalize the periodic fluctua-
tion of hormone levels, and promote the
improvement of the pelvic microenvironment,
thus accelerating the recovery of ovulation and
menstruation [18]. Furthermore, the addition of
GOS after LS effectively relieved dysmenorrhea
and pelvic pain, which is consistent with the
findings reported by Vercellini et al. [19].

FSH, E,, and LH levels were measured to assess
ovarian function. The measurement was con-
ducted 6 months after surgery to determine the
final state of ovarian function inhibition and the
overall therapeutic effect after the completion
of the entire treatment cycle. We found that
supplementary GOS therapy further significant-
ly reduced FSH, E,, and LH levels, suggesting
that GOS has an additional inhibitory effect on
ovarian function. Chen et al. conducted a meta-
analysis on the application of GOS in EMS
patients, and the results showed that GOS can
effectively improve the condition, suppress
FSH, E2, and LH levels, relieve pain [20], and
reduce recurrence risk, which is consistent with
our results.

Inflammation was assessed by measuring
IL-1B, IL-6, and TNF-« levels. To eliminate the
interference of surgery (a strong confounder),
the assessment was conducted 3 months after
surgery. We found that GOS had a more signifi-
cant inhibitory effect on inflammation in EMS
patients. EMS patients have been noted to
have immune abnormalities and dysfunction in
peritoneal fluid, manifested as a significant
increase in pro-inflammatory factors (e.g., IL-6,
TNF-a) and a significant decrease in anti-inflam-
matory cytokines or interferon-y [21]. A study
showed that the anti-inflammatory mechanism
of GOS may be partly related to its direct inter-
action with local GnRH receptors [22].
Mohammed et al. [23] reported that GOS sig-
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nificantly reduced serum levels of inflammatory
cytokines in the treatment of uterine leiomyo-
ma, which supports our observations.

ROS, MDA, and AOPP levels were detected to
assess 0S. The measurement was conducted
on the 3rd postoperative day (the peak period
of acute oxidative damage related to surgical
trauma) to verify the independent antioxidant
effect of GOS. We found that GOS had a more
prominent inhibitory effect on OS in EMS
patients. This may be attributed to ischemia-
reperfusion injury and increased intra-abdomi-
nal pressure caused by pneumoperitoneum
during LS, which in turn induces OS, specifically
manifested as a short-term abnormal increase
in oxidative markers such as ROS, MDA, and
AOPP after surgery [24]. However, there are few
reports on the effect of GOS on OS in EMS, and
the specific mechanism needs further clarifica-
tion through basic experiments.

Regarding safety, GOS-assisted LS in EMS
patients did not increase the risk of overall
adverse reactions (transaminase elevation, diz-
ziness and fatigue, gastrointestinal discomfort,
and vaginal bleeding). This may be related to
the high bioavailability, weak protein-binding
ability, and short half-life of GOS, which result in
a low possibility of accumulation in the body
and thus ensure safety [25]. When used preop-
eratively in patients with symptomatic uterine
fibroids, GOS also shows good safety and toler-
ability [26], which is similar to the results of this
study.

Furthermore, GOS-assisted LS in EMS was
found to have a significant preventive effect on
6-month and 1-year postoperative recurrence.
Although LS can effectively remove pelvic
lesions in EMS patients and restore the normal
anatomic structure of the pelvic cavity, it can-
not completely eliminate deep and atypical
lesions. These incompletely removed lesions
can form new lesions under estrogen stimula-
tion, leading to a higher recurrence rate [27,
28]. The addition of GOS on the basis of LS
helps induce drug-induced menopause in
patients, inhibit the proliferation of residual
lesions, and accelerate their atrophy and necro-
sis, thereby effectively preventing EMS recur-
rence [29]. Soysal et al. [30] reported that
although GOS alone has high efficacy in reduc-
ing estrogen levels and relieving symptoms in
post-surgical EMS patients, its combination
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with anastrozole achieves more complete
endocrine blockade, further prolonging the
pain-free interval (2.4 months vs. 1.7 months)
and significantly reducing the 24-month recur-
rence rate (35.0% vs. 7.5%), which comple-
ments the results of this study.

Finally, patients were stratified by age, ovarian
cyst diameter, and ASRM classification for sub-
group analyses. None of these factors exerted
a significant modifying effect on the therapeu-
tic efficacy of the combined treatment regimen,
indicating that the therapeutic advantages of
the combined treatment over surgical treat-
ment alone are not affected by differences in
the above characteristics.

Based on the above findings, this study propos-
es the following guidance for clinical practice:
From the perspective of individualized medica-
tion courses, the conventional course of GOS
for EMS treatment is subcutaneous injection of
3.6 mg every 28 days, with a total treatment
course not exceeding 6 months. For patients
with severe postoperative pain, those with
advanced ASRM stages (II-IV), or those with
high-risk recurrence factors, the combination
of add-back therapy (daily administration of
estrogen and progesterone preparations) can
be considered during GnRH-a treatment to
reduce bone mineral density loss and enhance
symptom control [31]. In terms of postoperative
monitoring planning, risk stratification-based
monitoring and recurrence warning strategies
are required, since EMS is a chronic disease
that requires long-term management. Studies
have shown that bilateral cysts, high ASRM
stages, and increased postoperative TNF-a lev-
els are risk factors for recurrence in EMS
patients after laparoscopic conservative sur-
gery, while older age and postoperative adju-
vant drug therapy are protective factors [32].
Based on this, bilateral cysts, advanced ASRM
stages (llI-1V), postoperative TNF-a elevation,
younger age, and no postoperative adjuvant
medication can be used as early warning sig-
nals for recurrence. For patients with the above
high-risk factors, follow-ups and reexamina-
tions should be conducted every 3 to 6 months
in the first 2 postoperative years, including
gynecological B-ultrasound, serum carbohy-
drate antigen 125 testing, and symptom evalu-
ation (NRS-based dysmenorrhea and pelvic
pain assessment), to minimize the risk of post-
operative recurrence.
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There were several limitations in this study that
need to be noted: First, selection bias caused
by single-center samples and non-random
grouping, as well as confounders such as sur-
geon’s experience and postoperative adjuvant
drugs, may have affected the results. To
improve the robustness of research conclu-
sions, large-scale, multi-center validation stud-
ies should be conducted, using randomization
and propensity score matching to balance con-
founders between groups. Second, dynamic
changes in ovarian function, inflammatory, and
oxidative stress indices at multiple time points
were not analyzed. In subsequent studies, mul-
tiple time points can be set for dynamic moni-
toring to more comprehensively assess the
changing trends of various indicators during
treatment, so as to clarify the temporal regula-
tory mechanism of GOS on pelvic injury and
endocrine suppression. Third, this study only
compared the overall efficacy of the two groups,
without conducting subgroup analyses based
on ASRM staging, cyst size, age, and other fac-
tors. Therefore, it was impossible to clarify the
differences in clinical benefits among patients
with different disease subgroups using this
combined therapy. Given that subgroup analy-
sis requires a large sample size to obtain reli-
able statistical conclusions, subsequent verifi-
cation could be carried out by expanding the
sample size and conducting stratified analyses
using multi-center data.

In conclusion, GOS combined with LS for EMS
significantly improved therapeutic efficacy, pro-
moted ovulation resumption, accelerate men-
strual recovery, and relieved dysmenorrhea
and pelvic pain. It also effectively inhibited
ovarian function, inflammation, and OS, without
increasing the incidence of overall adverse
reactions. Moreover, the combined therapy
helped reduce the recurrence rate at 6 months
and 1 year after surgery. In addition, GOS com-
bined with LS showed no significant differential
benefits for populations with different disease
risks (age, ovarian cyst diameter, and ASRM
stage).

Disclosure of conflict of interest
None.
Address correspondence to: Yuyan Deng, Depart-

ment of Obstetrics and Gynecology, Affiliated Hos-
pital of Southwest Jiaotong University, The Third

Am J Transl Res 2026;18(8):6938-6947



Goserelin plus laparoscopic surgery for endometriosis

People’s Hospital of Chengdu, No. 82, Qinglong
Street, Chengdu 610031, Sichuan, China. Tel: +86-
17380697973; E-mail: dyy_1974@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

Vissers G, Giacomozzi M, Verdurmen W, Peek
R and Nap A. The role of fibrosis in endometrio-
sis: a systematic review. Hum Reprod Update
2024; 30: 706-750.

As-Sanie S, Mackenzie SC, Morrison L, Schrepf
A, Zondervan KT, Horne AW and Missmer SA.
Endometriosis: a review. JAMA 2025; 334: 64-
78.

Barnard ME, Farland LV, Yan B, Wang J, Trabert
B, Doherty JA, Meeks HD, Madsen M, Guinto E,
Collin LJ, Maurer KA, Page JM, Kiser AC, Varner
MW, Allen-Brady K, Pollack AZ, Peterson KR,
Peterson CM and Schliep KC. Endometriosis
typology and ovarian cancer risk. JAMA 2024;
332: 482-489.

Ochoa Bernal MA and Fazleabas AT. The
known, the unknown and the future of the
pathophysiology of endometriosis. Int J Mol Sci
2024; 25: 5815.

Dymanowska-Dyjak |, Frankowska K, Abramiuk
M and Polak G. Oxidative imbalance in endo-
metriosis-related infertility-the therapeutic role
of antioxidants. Int J Mol Sci 2024; 25: 6298.
Huang L, Shi L, Li M, Yin X and Ji X. Oxidative
stress in endometriosis: sources, mechanisms
and therapeutic potential of antioxidants
(Review). Int J Mol Med 2025; 55: 72.
Reischer T, Sklenar C, Perricos-Hess A,
Husslein H, Kuessel L, Wenzl R and Bekos C.
Can laparoscopic surgery reduce fatigue in
women with endometriosis?-A pilot study. J
Clin Med 2024; 13: 3150.

Grigoriadis G, Roman H, Gkrozou F and
Daniilidis A. The impact of laparoscopic sur-
gery on fertility outcomes in patients with mini-
mal/mild endometriosis. J Clin Med 2024; 13:
4817.

Mandi DM, Grama FA, Popa A, Giuvara DE,
Turluianu RC, llie-Petrov AC, Andrei C, Scaunasu
R, Burcos T and Cristian DA. Aesthetic out-
comes and patient satisfaction in laparoscopic
vs. open incisional hernia repair: have we
asked the patients? Chirurgia (Bucur) 2024;
119: 260-271.

Li F, FanY, Huang, Yan J, Yang H, Yang X, Qiao
W, Chen H, Jiang H and Zhao N. Construction
of a clinical predictive model for risk factors
after laparoscopic surgery in patients with en-
dometriosis based on pathologic characteris-
tics. Am J Transl Res 2025; 17: 3392-3403.
Chen N, Audi Blotta D, Kim HJ, Sayeed S,
Cannon J, Osman N, Macrito R and Lambertini
M. Efficacy of goserelin in ovarian function sup-

6946

[12]

(14]

(15]

(17]

(18]

(19]

[20]

pression and preservation for pre- and peri-
menopausal breast cancer patients: a system-
atic review. Ther Adv Med Oncol 2025; 17:
17588359251319696.

Ceccaroni M, Clarizia R, Liverani S, Donati A,
Ceccarello M, Manzone M, Roviglione G and
Ferrero S. Dienogest vs GnRH agonists as post-
operative therapy after laparoscopic eradica-
tion of deep infiltrating endometriosis with
bowel and parametrial surgery: a randomized
controlled trial. Gynecol Endocrinol 2021; 37:
930-933.

Ellis K, Meador A, Ponnampalam A and
Wood R. Survey of general practitioner per-
spectives on endometriosis diagnosis, refer-
rals, management and guidelines in New
Zealand. Health Expect 2024; 27: e70015.
Seraji S, Ali A, Demirel E, Akerman M, Nezhat C
and Nezhat FR. Association between ovarian
endometriomas and stage of endometriosis. J
Clin Med 2024; 13: 4530.

Abu-Odah H, Xian-Liang Liu, Wang T, Zhao Y,
Yorke J, Tan JB and Molassiotis A. Modified
Borg Scale (mBorg), the Numerical Rating
Scale (NRS), and the Dyspnea- 12 Scale (D-
12): cross-scale comparison assessing the de-
velopment of dyspnea in early-stage lung can-
cer patients. Support Care Cancer 2025; 33:
442.

Paoletti AM, Neri M, Pilloni M, Marotto MF,
Giancane E, Vallerino V, Piras B, Melis G, Melis
V, Masciale MDM, Murgia E and Melis GB.
Pharmacokinetic considerations for gonado-
tropin-releasing hormone agonists and antag-
onists to treat endometriosis. Expert Opin Drug
Metab Toxicol 2025; 21: 649-663.

Song JH, Lu H, Zhang J and Li B. Clinical study
on the effectiveness and safety of combined
laparoscopy and gonadotropin-releasing hor-
mone agonist in the treatment of endometrio-
sis. Zhonghua Fu Chan Ke Za Zhi 2013; 48:
584-588.

Zhang Y, Ding JX, Tao X, Lu ZY, Wang JJ, Feng
WW and Hua KQ. Goserelin can inhibit ovarian
cancer proliferation and simultaneously pro-
tect ovarian function from cisplatin: an in vitro
and in vivo study. J Chemother 2013; 25: 96-
103.

Vercellini P, Trespidi L, Colombo A, Vendola N,
Marchini M and Crosignani PG. A gonadotro-
pin-releasing hormone agonist versus a low-
dose oral contraceptive for pelvic pain associ-
ated with endometriosis. Fertil Steril 1993; 60:
75-79.

Chen L, Tang L, Dong W, Zeng S, Wu S and Ye
H. Meta-analysis of the effect of goserelin ac-
etate implant on improving hormone levels in
patients with endometriosis. Pak J Pharm Sci
2026; 39: 1121-1133.

Am J Transl Res 2026;18(8):6938-6947



[21]

[22]

[23]

[24]

[25]

[26]

6947

Goserelin plus laparoscopic surgery for endometriosis

Szyllo K, Tchorzewski H, Banasik M, Glowacka
E, Lewkowicz P and Kamer-Bartosinska A. The
involvement of T lymphocytes in the pathogen-
esis of endometriotic tissues overgrowth in
women with endometriosis. Mediators Inflamm
2003; 12: 131-138.

Huang X, Gu N, Qian L, Sun F, Yang S and Xu H.
Roles of goserelin in gynecological disorders.
Drug Des Devel Ther 2026; 20: 595029.
Mohammed NH, Al-Taie A and Albasry Z.
Evaluation of goserelin effectiveness based on
assessment of inflammatory cytokines and
symptoms in uterine leiomyoma. Int J Clin
Pharm 2020; 42: 931-937.

Bentes de Souza AM, Rogers MS, Wang CC,
Yuen PM and Ng PS. Comparison of peritoneal
oxidative stress during laparoscopy and lapa-
rotomy. J Am Assoc Gynecol Laparosc 2003;
10: 65-74.

Liu Z, Qu H, Li Z, Wang S, Wu Z, Zhao X, Fan
G and Lou Y. Sex and age disparities in gosere-
lin safety: a global pharmacovigilance study.
Naunyn Schmiedebergs Arch Pharmacol
2026; 399: 12305-12316.

Liangy, Yang R, Wei Y, Huang B, Chen Y, Zhang
X, Yao J, Wang G, Mao H, Shi H, Yang Q, Tang J,
Ji M, Hua K and Yao S. Multicenter, prospec-
tive, single-arm clinical study to investigate
the efficacy and safety of Zoladex (Goserelin
acetate) 10.8 mg prior to surgery in Chinese
premenopausal women with symptomatic
uterine fibroids. Gynecol Endocrinol 2024; 40:
2427190.

(27]

(28]

[29]

[30]

(31]

(32]

Hu Y, Chen Y, Li G, Zou Q, Zhan J and Li D.
Efficacy of intraoperative adhesion barrier use
in laparoscopic surgery for endometriosis: a
single-center retrospective study on long-term
recurrence and pelvic pain. Int J Womens
Health 2026; 18: 592896.

Kong X, Tan Z and Lei L. Risk factors for recur-
rence and their predictive value in endometrio-
sis patients after laparoscopic surgery. Sich-
uan Da Xue Xue Bao Yi Xue Ban 2025; 56:
846-851.

Perry CM and Brogden RN. Goserelin. A review
of its pharmacodynamic and pharmacokinetic
properties, and therapeutic use in benign gyn-
aecological disorders. Drugs 1996; 51: 319-
346.

Soysal S, Soysal ME, Ozer S, Gul N and Gezgin
T. The effects of post-surgical administration of
goserelin plus anastrozole compared to gose-
relin alone in patients with severe endometrio-
sis: a prospective randomized trial. Hum
Reprod 2004; 19: 160-167.

Desilets J, Lakabi R, Olsthoorn A, Matelski J,
Walsh C, Murji A and Miazga E. Effect of medi-
cal therapies for endometriosis on bone
health: a systematic review and meta-analysis.
Obstet Gynecol 2026; 148: 205-215.

Su H and Xie Z. Influencing factors and predic-
tion model construction for recurrence in pa-
tients with ovarian endometriosis after laparo-
scopic conservative surgery. Am J Transl Res
2024; 16: 7458-7466.

Am J Transl Res 2026;18(8):6938-6947



