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Summary

Background: The objective of this study was to investigate
the biochemical impact of laparoscopic surgery on angio-
genesis, focusing on vascular endothelial growth factor
(VEGF), and the modulation of key tumor markers in
patients with early-stage ovarian cancer.

Methods: A total of 76 patients diagnosed with early ovarian
cancer were enrolled and divided into two groups based on
the surgical approach: the control group (n=38) underwent
open surgery, and the observation group (n=38) underwent
laparoscopic surgery. Surgical parameters, VEGF levels,
tumor markers [ matrix metalloproteinase 9 (MMP9), stromal
cell-derived factor-1a (SDF-1a), and carcinoembryonic anti-
gen (CEA)], survival rates, and incidence of complications
were compared between the two groups.

Results: The duration of surgery was longer in the observa-
tion group than in the control group. However, the hospi-
talization time, recovery of bowel function, and length of
surgical incision were significantly shorter in the observa-
tion group. Intraoperative blood loss was also significantly
lower in the observation group, with all differences being
statistically significant (P<0.01). Seven days post-surgery,
VEGF, MMP9, SDF-1a, and CEA levels in both groups
decreased compared to their preoperative levels. These lev-
els were significantly lower in the observation group than in
the control group (P<0.05). The 24-month survival rate
was higher in the observation group (P<0.05). There was
no statistically significant difference in the total incidence
of complications between the two groups (P>0.05).
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Kratak sadrzaj

Uvod: Cilj ove studije je bio da se ispita biohemijski uticaj
laparoskopske hirurgije na angiogenezu, sa fokusom na
faktor rasta vaskularnog endotela (VEGF) i modulaciju
klju¢nih tumorskih markera kod pacijenata sa ranim stadi-
jumom raka jajnika.

Metode: Ukupno 76 pacijenata sa dijagnostikovanim ranim
karcinomom jajnika je upisano i podeljeno u dve grupe na
osnovu hirur$kog pristupa: kontrolna grupa (hn=38) je pod-
vrgnuta otvorenom operaciji, a posmatracka grupa (n=38)
je podvrgnuta laparoskopskoj operaciji. Hirurski parametri,
nivoi VEGF, tumorski markeri [ matriks metaloproteinaza 9
(MMP9), faktor-1o. (SDF-1a) izveden iz stromalnih Celija
(SDF-1a) i karcinoembrionalni antigen (CEA)], stope pre-
zivljavanija i ulestalost komplikacija uporedivani su izmedu
dve grupe.

Rezultati: Trajanje operacije bilo je duZe u posmatranoj
grupi nego u kontrolnoj grupi. Medutim, vreme hospitali-
zacije, oporavak funkcije creva i duzina hirurskog reza bili
su znacajno krad¢i u posmatranoj grupi. Intraoperativni
gubitak krvi je takode bio znacajno manji u posmatranoj
grupi, pri ¢emu su sve razlike statisti¢ki znacajne (P<0,01).
Sedam dana nakon operacije, nivoi VEGF, MMP9, SDF-1a.
i CEA u obe grupe su se smanijili u poredenju sa njihovim
preoperativnim nivoima. Ovi nivoi su bili znac¢ajno nizi u
posmatranoj grupi nego u kontrolnoj grupi (P<0,05).
Stopa prezivljavanja od 24 meseca bila je veca u posmatra-
noj grupi (P<0,05). Nije bilo statisti¢ki znacajne razlike u
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Conclusions: Laparoscopic surgery for early ovarian cancer
results in minimal trauma, reduces VEGF and tumor mark-
er levels, and improves the 24-month survival rate without
increasing the incidence of complications.

Keywords: Laparoscopic surgery, open surgery, early
ovarian cancer, vascular endothelial growth factor, tumor
markers, angiogenesis, biochemical markers, enzyme-
linked immunosorbent assay

Introduction

Ovarian cancer is one of the most lethal malig-
nancies affecting women, with high mortality rates
attributed to its asymptomatic nature in early stages
and frequent late-stage diagnoses (1-3). The devel-
opment of ovarian cancer is influenced by various fac-
tors, including genetic predisposition, hormonal influ-
ences, reproductive history, and environmental
exposure (4-6). Genetic mutations, such as those in
BRCA1 and BRCAZ2 genes, significantly increase risk,
while protective factors include the use of oral contra-
ceptives and pregnancies (7-9). Despite these known
risk factors, early detection remains a major chal-
lenge, as many patients present with vague symptoms
such as abdominal discomfort or bloating (10).
Consequently, ovarian cancer continues to rank
among the leading causes of cancer-related deaths in
women globally (11).

For patients diagnosed with early-stage ovarian
cancer, surgical intervention is the primary treatment
modality. Open surgery has been the traditional
approach, providing comprehensive tumor resection
and prolonged survival. However, it is associated with
significant trauma, prolonged recovery, and a higher
risk of complications, such as infections and delayed
wound healing (12). Laparoscopic surgery, a mini-
mally invasive alternative, has gained attention due to
its reduced surgical trauma, faster recovery, and lower
complication rates (13-15). However, the biochemi-
cal impacts of laparoscopic surgery, particularly its
effects on vascular endothelial growth factor (VEGF)
and tumor markers, require further investigation.

VEGF plays a pivotal role in tumor angiogenesis,
driving endothelial cell proliferation and migration,
which accelerate tumor growth and metastasis (16,
17). Similarly, tumor markers such as matrix metallo-
proteinase-9 (MMP9), stromal cell-derived factor-1a
(SDF-1a), and carcinoembryonic antigen (CEA) are
essential indicators of tumor progression and
response to treatment (18-20). Elevated levels of
these markers are closely associated with poor clinical
outcomes in ovarian cancer patients. While previous
studies have highlighted the clinical benefits of
laparoscopic surgery, its influence on VEGF and
tumor marker modulation remains insufficiently
explored.

ukupnoj incidenci komplikacija izmedu dve grupe
(P>0,05).

Zakljuéak: Laparoskopska hirurgija ranog karcinoma jajnika
dovodi do minimalne traume, smanjuje nivoe VEGF-o. i
tumorskih markera i pobolj$ava 24-mese¢nu stopu prezivlja-
vanja bez povecanja incidence komplikacija.

Kljuéne reéi: Laparoskopska hirurgija, otvorena hirur-
gija, rani rak jajnika, faktor rasta vaskularnog endotela,
tumorski markeri, angiogeneza, biohemijski markeri, en-
zimski imunosorbentni test

Given these considerations, this study aims to
evaluate the biochemical and clinical outcomes of
laparoscopic versus open surgery in patients with
early-stage ovarian cancer. By analyzing surgical
parameters, VEGF levels, tumor markers, and survival
outcomes, the study seeks to provide comprehensive
insights into the potential advantages of laparoscopic
surgery, thereby guiding future treatment strategies
for early-stage ovarian cancer.

Materials and Methods
Patient Selection

This study included patients with early-stage
ovarian cancer who were admitted to our hospital
between January 2018 and December 2022. The
inclusion criteria for participation required patients to
meet the diagnostic criteria for ovarian cancer, with
the diagnosis confirmed through pathological exami-
nation. Additionally, only those patients who were eli-
gible for either open or laparoscopic surgery and had
no contraindications for these procedures were in-
cluded. The clinical stage of the cancer for all patients
was limited to stages | or Il, according to the Inter-
national Federation of Gynecology and Obstetrics
(FIGO) guidelines.

Patients were excluded from the study if they
had received chemotherapy, radiotherapy, or
immunotherapy before surgery. Other exclusion crite-
ria included abnormal coagulation function, hepatic
or renal impairment, the presence of malignancies in
other organs, or a history of previous abdominal or
pelvic surgery. A total of 76 patients met the eligibility
criteria and were enrolled in the study. These patients
were divided into two groups based on the surgical
method employed. The control group, comprising 38
patients, underwent open surgery, while the observa-
tion group, consisting of 38 patients, received laparo-
scopic surgery. The two groups were comparable in
terms of demographic and clinical characteristics,
including age, body mass index (BMI), tumor diame-
ter, and FIGO stage, with no statistically significant
differences observed between them (P > 0.05). This
study was approved by the ethics committee of our
hospital. Signed written informed consents were
obtained from the patients and/or guardians.
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Surgical Procedures
Open Surgery

Patients in the control group underwent open
surgery following standard preoperative assessments.
These assessments included bowel preparation and
correction of any metabolic imbalances. After the
patients were placed under general anesthesia with
endotracheal intubation, a midline abdominal inci-
sion approximately 15 cm in length was made. Tumor
resection was performed under direct visualization to
ensure complete removal. Adhesions and the omen-
tum were separated and removed as part of the sur-
gical procedure. Lymph node dissection was per-
formed in the abdominal and pelvic regions to
identify any metastatic involvement. Additionally, the
uterus, ovaries, and appendix were excised to achieve
comprehensive tumor resection. Any visible metasta-
tic lesions were resected as well to ensure no remain-
ing cancerous tissues.

Laparoscopic Surgery

Patients in the observation group underwent
laparoscopic surgery, which included total hysterecto-
my, bilateral salpingo-oophorectomy, omentectomy,
appendectomy, and pelvic and para-aortic lymph
node dissection. After general anesthesia was admin-
istered, a 10-mm transverse incision was made above
the umbilicus to insert the first trocar and establish
pneumoperitoneum at a pressure of 13 mmHg. The
abdominal and pelvic organs were carefully inspected
using the laparoscope, taking advantage of the mag-
nified view to detect any abnormalities. Additional
incisions were made to insert trocars and surgical
instruments required for the procedure. Fluid samples
were aspirated from the abdominal cavity for cytolog-
ical examination to rule out the presence of cancer
cells. Any suspicious lesions identified during the
inspection were excised and placed in protective bags
for extraction through the incisions. Routine postop-
erative care, including anti-inflammatory treatment
and nutritional support, was provided to all patients in
both groups to promote recovery.

Outcome Measures

The primary outcome measures included surgi-
cal parameters, levels of vascular endothelial growth
factor (VEGF) and tumor markers, and survival rates
with associated complications. The surgical parame-
ters assessed were the duration of the surgery, the
length of hospital stay, the number of lymph nodes
dissected, the time required for bowel function recov-
ery, the amount of intraoperative blood loss, and the
length of the surgical incision.

The levels of VEGE MMP9, SDF-1a, and CEA
were quantified using enzyme-linked immunosorbent

assays (ELISA) following the manufacturer’s proto-
cols. The assays were performed in duplicate to
ensure accuracy, with appropriate controls included in
each batch. The sensitivity and specificity of the assay
kits were verified against standard curves, and inter-
assay variability was controlled within 5%.

The survival outcomes of the patients were
monitored over a two-year follow-up period. Survival
rates were assessed at 8, 16, and 24 months after
surgery to determine the effectiveness of each surgi-
cal technique.

Postoperative Complications Monitoring and
Categorization

Postoperative complications were monitored
and recorded for all patients during their hospital stay
and at follow-up visits at 1, 3, 6, 12 and 24 months
post-surgery. Monitoring included routine clinical
examinations, patient-reported symptoms, and diag-
nostic evaluations such as blood tests, imaging stud-
ies (e.g., ultrasound or CT scans), and microbiologi-
cal cultures for suspected infections. Complications
were categorized using the Clavien-Dindo classifica-
tion system to ensure consistency and transparency.
This system grades complications based on their
severity, ranging from minor complications requiring
no intervention (Grade ) to life-threatening events
requiring major surgical or medical intervention
(Grade IV) and death (Grade V). Specific complica-
tions monitored included: Wound infections:
Diagnosed based on the presence of erythema, puru-
lent discharge, and positive wound cultures; Urinary
retention: Defined as the inability to void sponta-
neously, confirmed by post-void residual volumes
exceeding 100 mL on ultrasound; Deep vein throm-
bosis (DVT): Diagnosed using Doppler ultrasonogra-
phy in patients presenting with unilateral leg swelling,
pain, or other suggestive symptoms. All complications
were independently reviewed by two senior clinicians
to ensure accuracy in classification and reporting. The
total incidence of complications was compared
between the laparoscopic and open surgery groups to
evaluate the safety profiles of each approach.

Statistical Analysis

All statistical analyses were performed using
SPSS 24.0 software. Categorical variables were pre-
sented as counts and percentages, and comparisons
between the two groups were conducted using the
chi-square test. Continuous variables were expressed
as mean * standard deviation (x=*s), and compar-
isons between groups were analyzed using the t-test.
A P-value of <0.05 was considered to indicate a sta-
tistically significant difference between the two
groups. These statistical methods ensured that the
data were analyzed rigorously and the results were
interpreted accurately.
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Results
Comparison of Surgical Parameters

There was no significant difference in the num-
ber of lymph nodes dissected between the two groups
(P>0.05). However, the operation time was signifi-
cantly longer in the observation group compared to
the control group. The observation group also exhib-
ited significantly shorter hospital stays, faster bowel
recovery, smaller incisions, and lower intraoperative
blood loss than the control group (P<0.01) (Table I).

Biochemical Changes in VEGF and Tumor
Markers

Before surgery, there were no significant differ-
ences in VEGE MMP9, SDF-1a, and CEA levels

between the two groups (P>0.05). Seven days post-
surgery, these levels decreased in both groups.
However, the observation group had significantly
lower VEGFE MMP9, SDF-1a, and CEA levels com-
pared to the control group (P<0.05) (Table II).

Survival Rates and Complications

There were no significant differences in survival
rates at 8 and 16 months between the two groups.
However, the 24-month survival rate was significantly
higher in the observation group (P=0.025). The
overall incidence of complications was similar
between the groups, with 4.55% in the observation
group and 9.30% in the control group (Table III).

Table 1 Comparison of Surgical Parameters between Laparoscopic and Open Surgery Groups.

Parameter Laparoscop();c:S;Srg);ery Group Open S(:r:ggrSy) Group tvalue Pvalue
Operation time (min) 246.14 + 34.85 203.21 = 26.43 6.724 <0.01
Hospital stay (days) 14.78 = 2.10 18.73 + 3.48 6.523 <0.01
(b nodes dissected 32.87 + 4.51 33.02 + 4.37 0.137 0.892
(e function recovery 5.27 + 0.89 9.48 + 0.96 22.309 <0.01
iaoperative blood foss 118.62 = 11.12 214.57 = 16.09 33.971 <0.01
Incision length (cm) 6.95 + 0.67 16.47 £ 2.03 27.872 <0.01
Table Il Comparison of VEGF and Tumor Marker Levels Pre- and Post-Surgery.

Parameter Time OPEIOSORIC Y | PN LIS OO | talue | Pvalue
VEGF (pg/mL) Pre-surgery 174.18 = 12.25 172.37 + 13.42 0.283 0.779

7 days post-surgery 93.05 + 9.87 116.18 = 12.21 9.694 <0.05
MMP9 (ng/mL) Pre-surgery 342.12 = 15.21 340.34 + 15.53 0.513 0.608

7 days post-surgery 190.07 = 13.64 226.42 = 15.71 10.143 <0.05
SDF-1a (ng/mL) Pre-surgery 65.21 + 5.34 64.89 + 5.23 0.259 0.796

7 days post-surgery 31.82 = 3.91 47.67 £ 419 16.175 <0.05
CEA (ng/mL) Pre-surgery 3.15 = 0.59 3.22 + 0.63 0.472 0.638

7 days post-surgery 1.82 £ 0.43 2.43 + 0.48 6.725 <0.05
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Table 11l Comparison of Survival Rates and Complication Incidence.

Parameter Laparosco;();c:SBLJé?ery Group | Open S(:':ggrSy) Group 4 -value Pvalue
8-month survival rate (%) 92.11 89.47 1.037 0.308
16-month survival rate (%) 84.21 80.26 0.597 0.439
24-month survival rate (%) 78.95 63.16 5.054 0.025
Complication rate (%) 5.26 10.53 0.764 0.382

Discussion

This study demonstrated that laparoscopic sur-
gery for early-stage ovarian cancer is associated with
significant biochemical and clinical benefits, includ-
ing reduced vascular endothelial growth factor
(VEGF) and tumor marker levels, shorter recovery
times, and improved 24-month survival rates. These
findings align with previous research indicating that
laparoscopic surgery minimizes surgical trauma and
facilitates faster recovery compared to open surgery
(13-15). Importantly, our study extends this under-
standing by highlighting the modulation of key bio-
chemical markers, including VEGF, matrix metallopro-
teinase-9 (MMP9), stromal cell-derived factor-1a.
(SDF-1a), and carcinoembryonic antigen (CEA),
which are closely linked to tumor progression and
angiogenesis.

The reduction in VEGF levels observed in the
laparoscopic group is consistent with studies demon-
strating the role of minimally invasive techniques in
suppressing angiogenesis (16, 17). VEGF is a critical
regulator of tumor angiogenesis, promoting endothe-
lial cell proliferation and migration. By reducing VEGF
levels, laparoscopic surgery may mitigate angiogene-
sis, thereby slowing tumor growth and metastasis.
Similarly, the observed decreases in MMP9 and SDF-
1a levels suggest a suppression of extracellular matrix
degradation and chemotactic signaling, which are key
processes in tumor invasion and metastasis (18-20).
These results underscore the potential of laparoscop-
ic surgery to achieve superior biochemical outcomes
in patients with early-stage ovarian cancer.

Our findings also align with previous studies
reporting faster recovery times, reduced intraopera-
tive blood loss, and shorter hospital stays with laparo-
scopic surgery (13-15). However, the longer opera-
tion time observed in the laparoscopic group
highlights a procedural challenge that may be
addressed with advanced training and technology.

While our study provides valuable insights, it has
some limitations. The relatively short follow-up period
(24 months) may not fully capture long-term survival
outcomes or the recurrence rates associated with dif-
ferent surgical approaches. Additionally, the exclusion
of patients who had received preoperative chemother-
apy, radiotherapy, or immunotherapy limits the gener-
alizability of the findings to broader patient popula-
tions. Future studies should include larger, more
diverse cohorts and explore the impact of laparoscop-
ic surgery on advanced-stage ovarian cancer and
other biomarkers.

From a clinical perspective, our findings support
the broader adoption of laparoscopic surgery for
early-stage ovarian cancer. The significant reductions
in VEGF and tumor marker levels, coupled with
improved short-term outcomes, suggest that laparo-
scopic surgery not only minimizes surgical trauma but
also offers biochemical benefits that may enhance
long-term survival. Further research is needed to val-
idate these findings and explore the potential of
laparoscopic surgery in combination with adjuvant
therapies to optimize patient outcomes.

Conclusions

In conclusion, laparoscopic surgery demon-
strates clear advantages over open surgery in terms of
biochemical and clinical outcomes for early-stage
ovarian cancer. By reducing angiogenesis-related
markers and promoting faster recovery, laparoscopic
surgery represents a valuable treatment option that
warrants further exploration in clinical practice.
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