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Summary
Purpose: We aimed to explore the clinical efficacy and safety
of neoadjuvant chemotherapy (NACT) combined with minimally invasive laparoscopic cytoreductive surgery in the
treatment of patients with advanced ovarian cancer (AOC).

group. The optimal cytoreduction rate in NACT group was
far higher than that in control group. The overall response
rate in NACT group was obviously higher than that in control group. After treatment, the levels of serum HE4, VEGF
and CA125 greatly declined in the two groups compared with
those before treatment, while they were obviously lower in
NACT group than those in control group. The follow-up results revealed that the median overall survival (OS) was 31.1
months and 28.9 months, and the 3-year OS rate was 43.1%
(25/58) and 31.0% (18/58), respectively, in NACT group and
control group.

Methods: The clinical data of 116 patients with AOC were
divided into NACT group (NACT combined with laparoscopic cytoreductive surgery, n=58) and control group (cytoreductive surgery alone, n=58). The short-term efficacy, surgery-related indexes, incidence of adverse reactions, and changes in
levels of serum human epididymis protein 4 (HE4), vascular
endothelial growth factor (VEGF) and carbohydrate antigen
125 (CA125) before and after treatment were compared be- Conclusion: NACT can significantly shorten the duration
tween the two groups. The survival status of patients after of cytoreductive surgery of AOC, reduce intraoperative blood
treatment was recorded.
loss, accelerate postoperative recovery, raise the optimal cytoreduction rate, and enhance the clinical efficacy, without
Results: The operation time, intraoperative blood loss, asgreatly improving the survival time of patients.
cites volume, postoperative ventilation time, and average
postoperative length of hospitalization in NACT group Key words: ovarian cancer, neoadjuvant chemotherapy,
were all significantly shorter and less than those in control cytoreductive surgery, curative effect

Introduction
Due to unobvious early symptoms and signs,
70-80% of patients with ovarian cancer have been
already in the late stage when diagnosed, and they
need to undergo cytoreductive surgery [1]. However, patients with advanced ovarian cancer (AOC)
often have extensive pelvic-abdominal or systemic

metastasis, and some patients have poor postoperative quality of life or refuse to undergo invasive
surgery, so satisfactory tumor shrinkage can be
realized in only 30-60% of patients with AOC [2].
Satisfactory cytoreductive surgery is to excise the
primary and metastatic lesions as much as possi-
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ble, so that there are no visible residual lesions or
the maximum diameter of residual lesions <1 cm
after operation [3]. Due to the implantation metastasis and adjacent tissue infiltration in patients
with AOC, the optimal cytoreduction rate is only
30-40% [4]. Therefore, AOC patients whose tumor
tissues cannot be completely resected by surgery
can undergo targeted preoperative chemotherapy
to raise the optimal cytoreduction rate through reducing tumor burden. Such a new therapeutic strategy is called neoadjuvant chemotherapy (NACT)
[5], which can reduce tumor burden and postoperative complications, and improve the optimal
cytoreduction rate [6-8]. However, whether NACT
has an impact on the survival time and survival
rate of AOC patients remains controversial.
In the present study, the efficacy and safety of
NACT combined with laparoscopic cytoreductive
surgery in the treatment of patients with AOC were
explored, so as to provide references for the treatment of such patients.

Methods
General data
A total of 116 patients diagnosed with AOC by surgical histopathology were selected. Inclusion criteria:
1) patients diagnosed with OC by histopathology for the
first time, 2) those in Federation International of Gynecology and Obstetrics (FIGO) stage III and IV, and 3)
those with an expected survival time >3 months. Exclu-
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sion criteria: 1) patients who previously received related
treatments that may affect the treatment outcome, such
as immunotherapy, anti-tumor therapy or ovary-related
surgery, 2) those complicated with severe diseases in
heart, liver, kidney, hematopoietic or endocrine system,
3) those with a history of ovarian or uterine surgery, 4)
those complicated with other malignant tumors, or 5)
those with mental illness. The patients were aged 37-69
years old, with an average of (54.58±9.77) years old, and
they were divided into NACT group (NACT combined
with laparoscopic cytoreductive surgery, n=58) and control group (cytoreductive surgery alone, n=58) according
to different treatment methods. The baseline data had
no statistically significant differences between the two
groups (Table 1, p>0.05), and they were comparable. This
study was approved by our Hospital Ethics Committee,
and the patients and their families were informed and
signed the informed consent form.
Treatment methods
In NACT group, NACT was conducted for 2 courses
(2-3 weeks) first, and then gynecological and imaging
examinations were performed, followed by cytoreductive
surgery. According to postoperative pathological results,
platinum-based routine chemotherapy was further performed. In control group, initial cytoreductive surgery
was performed first, and then platinum-based routine
chemotherapy was conducted after surgery.
NACT (Paclitaxel + cisplatin or carboplatin) chemotherapy regimen was adopted. Cisplatin (Nanjing Pharmaceutical Factory Co., Ltd., NMPN H20030675) (75-100
mg/m2) was added into 500 mL of glucose (50 g/L) for
intravenous infusion at 1 d. Cisplatin could be replaced
with carboplatin (Qilu Pharmaceutical Co., Ltd., NMPN

Table 1. Baseline demographic and clinical characteristics of the studied patients
Characteristics

NACT group (n=58)
n (%)

Control group (n=58)
n (%)

p value

53.79±9.58

55.03±9.61

0.488

53 (91.4)

51 (87.9)

Mucinous carcinoma

2 (3.4)

3 (5.2)

Endometrioid adenocarcinoma

2 (3.4)

3 (5.2)

Clear cell carcinoma

1 (1.7)

1 (1.7)

Age
Histology
Serous carcinoma

0.732

Histological grade

0.652

Well differentiated

3 (5.2)

4 (6.9)

Moderately differentiated

5 (8.6)

7 (12.1)

50 (86.2)

47 (81.0)

III

38 (65.5)

44 (75.9)

IV

20 (34.5)

14 (24.1)

0

31 (53.4)

26 (44.8)

1

17 (29.3)

24 (41.4)

2

10 (17.2)

8 (13.8)

Poorly differentiated
FIGO stage

0.221

PS Score

0.395

NACT: neoadjuvant chemotherapy; FIGO: Federation of Γynecology and Obstetrics; PS: πerformance status.
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H20020180), and the dose of carboplatin (mg) = blood
concentration set - area under the concentration-time
curve (AUC) (mg/mL/min) × [creatinine clearance rate
(mL/min) + 25] (AUC=5). Paclitaxel (Yangtze River Pharmaceutical Group, NMPN H20058719) (135-175 mg/m2)
was added into 500 mL of normal saline for intravenous
infusion within 3 h at 1 d. The treatment lasted for 2
courses, 21 d as 1 course. Before drug administration,
dexamethasone was given to prevent allergic reactions.
During chemotherapy, the patient’s blood routine and
biochemical indexes were closely monitored, various
complications were promptly handled, and medication
and dosage were adjusted in time.
Cytoreductive surgery: The laparoscopic lymph
node dissection was performed for the whole uterus,
bilateral appendages and greater omentum, as well as
pelvic and para-aortic lymph node dissection, and metastatic pelvic tumor was resected as much as possible.
Due to fixed or deep location of lesions and extensive
tumor metastasis, satisfactory cytoreductive surgery
was failed in some patients. Satisfactory cytoreductive
surgery means that the diameter of residual tumor lesions after surgery is <1 cm, and it is best to excise all
visible lesions.
Platinum-based routine chemotherapy was performed for at least 3 cycles after surgery.
Observation indexes
The operation time, intraoperative blood loss,
amount of ascites, size of intraoperative residual lesions (standard for optimal cytoreduction: no residual
lesions), and length of hospitalization were recorded.
The incidence of postoperative adverse reactions, such
as incision infection, intra-abdominal hemorrhage, common iliac vein injury, urinary system infection and lower
limb vein thrombosis, was also recorded. Before and after

treatment, the levels of serum human epididymis protein 4 (HE4), vascular endothelial growth factor (VEGF)
and carbohydrate antigen 125 (CA125) were detected in
both groups via enzyme-linked immunosorbent assay.
Efficacy evaluation: The efficacy was evaluated by
Response Evaluation Criteria in Solid Tumors of World
Health Organization and Ovarian Cancer Therapeutic
Effect Criteria of International Society of Gynecologic
Cancer. Complete response (CR): The tumor disappeared
for more than 4 weeks. Partial response (PR): The product of the two maximum vertical diameters of tumor
was reduced by more than 50%, and there was no lesion
expansion or new lesions for more than 4 weeks. Stable
disease (SD): The product of the two maximum vertical
diameters of tumor was reduced by less than 50%, or
increased by no more than 25%, and there were no new
lesions for more than 4 weeks. Progressive disease (PD):
The product of the two maximum vertical diameters of
tumor was increased by more than 25%, or there were
new lesions. Response rate = CR rate + PR rate.
The survival status of patients was recorded through
follow-up until May 2020. The overall survival (OS) refers to the duration from the first day of treatment to
death or the last follow-up.
Statistics
SPSS 22.0 software was used for statistical analysis.
Measurement data were expressed as mean ± standard
deviation (χ±s), and t-test was performed for intergroup
comparison. Enumeration data were expressed as rate
(%), and χ2 test was performed for intergroup comparison. The survival curves were plotted using the KaplanMeier method, and log-rank test was performed to detect
whether the difference in survival rate is statistically
significant between the two groups. p<0.05 suggested
the statistically significant difference.

Table 2. Comparison of parameters related to surgery
Parameters

NACT group (n=58)
n (%)

Control group (n=58)
n (%)

p value

Operation time (min)

242.71±37.47

276.83±46.39

0.001

Blood loss (ml)

554.62±115.49

706.33±129.29

0.001

Ascites volume (ml)

743.82±153.14

1085.18±212.88

0.001

Hospital stay time (d)

10.6±2.1

11.7±2.3

0.008

Postoperative ventilation time (d)

1.8±0.7

2.2±0.8

0.005

<1

43 (74.1)

32 (55.2)

≥1

15 (15.9)

26 (44.8)

Incision infection

1 (1.7)

3 (5.2)

0.309

Intra-abdominal hemorrhage

3 (5.2)

5 (8.6)

0.464

Size of postoperative residual lesion, cm

0.033

Complications

Sigmoid colon injury

0 (0)

0 (0)

1.000

Common iliac vein injury

0 (0)

2 (3.4)

0.154

Urinary system infection

2 (3.4)

5 (8.6)

0.242

0 (0)

1 (1.7)

0.315

Lower limb vein thrombosis
NACT: neoadjuvant chemotherapy.
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Figure 1. The difference between pretreatment HE-4 (A), VEGF (B) and CA125 (C) levels of patients in the two groups
had no statistical significance (p>0.05). The serum levels of HE-4, VEGF and CA125 were significantly decreased in
patients of the two groups (p<0.05). Posttreatment HE-4 (A), VEGF (B) and CA125 (C) levels of patients in NACT group
were significantly lower than those of control group. *p<0.05.

Results
Surgery-related indexes
The operation time, intraoperative blood loss,
ascites volume, postoperative ventilation time, and
average postoperative length of hospitalization
in NACT group were all significantly shorter and
less than those in control group [(242.71±37.47)
min vs. (276.83±46.39) min, (554.62±115.49) mL
vs. (706.33±129.29) mL, (743.82±153.14) mL vs.
(1085.18±212.88) mL, (1.8±0.7) d vs. (2.2±0.8) d,
(10.6±2.1) d vs. (11.7±2.3) d] (p<0.05). In NACT
group, the maximum diameter of postoperative
residual lesions was <1 cm in 43 cases and ≥1 cm
in 15 cases, and the optimal cytoreduction rate was
74.1% (43/58). In control group, the maximum diameter of postoperative residual lesions was <1 cm
in 32 cases and ≥1 cm in 26 cases, and the optimal
cytoreduction rate was 55.2% (32/58). It can be
seen that the optimal cytoreduction rate in NACT
group was far higher than that in control group
(p=0.033).
The main postoperative complications included
incision infection, intra-abdominal hemorrhage,
common iliac vein injury, urinary system infection
and lower limb vein thrombosis. The incidence rate
of postoperative incision infection was 1.7% and
5.2%, that of intra-abdominal hemorrhage was 5.2%
and 8.6%, that of common iliac vein injury was 0%
and 3.4%, that of urinary system infection was 3.4%
and 8.6%, and that of lower limb vein thrombosis
was 0% and 1.7%, respectively, in NACT group and
control group, displaying no statistically significant
differences (p>0.05) (Table 2).

Table 3. Comparison of clinical efficacy of patients in the
two studied groups
Parameters

NACT group
(n=58)

Control group
(n=58)

n (%)

n (%)

CR

13 (22.4)

7 (12.1)

PR

29 (50.0)

23 (39.7)

SD

11 (19.0)

19 (32.8)

PD

5 (8.6)

9 (15.5)

42 (72.4)

30 (51.7)

ORR

p value

0.022

NACT: neoadjuvant chemotherapy; CR: complete response; PR:
partial response; SD: stable disease; PD: progressive disease; ORR:
overall response rate.

Figure 2. Kaplan-Meier survival curve of patients in the
two groups. The difference between overall survival rate
of patients in the NACT group and control group had no
statistical significance. (p=0.130).

Evaluation of clinical response rate

Comparison of serum HE4, VEGF and CA125 levels
between the two groups

The clinical efficacy was assessed in all patients
after treatment. The overall response rate in NACT
group was obviously higher than that in control
group [72.4% (42/58) vs. 51.7% (30/58)], and there
was a statistically significant difference (p=0.022)
(Table 3).

The levels of serum HE4, VEGF and CA125 declined from (296.64±45.86) pmol/L and (301.14±50.20)
pmol/L before treatment to (111.23±21.34) pmol/L
and (158.75±29.83) pmol/L after treatment, from
(303.74±30.41) ng/L and (310.69±32.39) ng/L before
treatment to (119.85±25.66) ng/L and (170.93±29.61)
JBUON 2021; 26(4): 1309
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ng/L after treatment, and from (521.36±88.27) U/
mL and (531.58±91.79) U/mL before treatment to
(197.48±51.68) U/mL and (289.84±70.57) U/mL after
treatment, respectively, in NACT group and control
group. It can be seen that after treatment, the levels
of serum HE4, VEGF and CA125 greatly declined in
the two groups compared with those before treatment (p<0.05), while they were obviously lower in
NACT group than those in control group (p<0.001)
(Figure 1).
Follow-up results of survival status
All patients were followed up for 7-36 months.
The median OS was 31.1 months and 28.9 months,
and the 1-, 2- and 3-year OS rate was 94.8% (55/58)
and 89.7% (52/58), 72.4% (42/58) and 63.8% (37/58),
43.1% (25/58) and 31.0% (18/58), respectively, in
NACT group and control group. The survival curves
of patients were plotted using the Kaplan-Meier
method. It was confirmed through log-rank test
that there was no statistically significant difference
in OS between the two groups (p=0.130) (Figure 2).

Discussion
OC is characterized by high morbidity and recurrence rates and poor prognosis. As proposed
in the National Comprehensive Cancer Network
Standard Guidelines at present, the satisfactory cytoreductive surgery means that the visible lesions
are resected, and the diameter of residual lesions
after surgery is <1 cm [9]. However, severe surrounding tissue infiltration and metastasis often
occur in AOC, which brings great difficulties to surgical resection of tumor tissues and reduces the
optimal cytoreduction rate [10]. Therefore, exploring the optimal therapeutic regimen for patients
with AOC has always been a research hotspot for
gynecological tumor. NACT combined with cytoreductive surgery is a new therapeutic strategy for
the treatment of patients with AOC. Studies have
confirmed that NACT can reduce tumor burden, improve the quality of surgery, reduce complications,
and raise the quality of life of OC patients [11-13].
At present, the impact of NACT on the survival
status of patients with AOC remains controversial.
In the present study, 116 patients with AOC
were enrolled for a control study. The results
showed that cisplatin-based + paclitaxel chemotherapy before surgery could effectively inhibit
tumor cell proliferation, shrink tumor tissues, and
reduce operation difficulty, so that intraoperative
blood loss was reduced, operation time was shortened, and postoperative recovery of patients was
promoted. At the same time, it could reduce the
amount of ascites and the massive loss of protein in
JBUON 2021; 26(4): 1310

vivo. In NACT group, the intraoperative blood loss
and amount of ascites were markedly less, and the
operation time and length of hospitalization were
markedly shorter than those in control group. The
above findings confirmed that NACT performed before cytoreductive surgery can improve the operation effect and shorten the treatment time. Both optimal cytoreduction rate and clinical response rate
in NACT group were higher than those in control
group. Preoperative NACT can weaken the adhesion between OC lesions and surrounding tissues,
reduce the tumor burden, and shrink the cancer
focus, thereby lowering the operation difficulty and
raising the optimal cytoreduction rate and treatment effect.
HE4 is one of the novel tumor markers, mainly
expressed in the glandular epithelium of genital
tract and distal renal tubule. In OC, HE4 is highly
expressed, and its expression level is not affected
by the patient’s menstrual status [14]. CA125 is a
kind of glycoprotein detected from epithelial OC
antigens, and mainly derived from the coelomic
epithelium during embryonic development. CA125
is not expressed in normal ovarian tissues, but its
expression can be seen in the serum of patients
with epithelial ovarian tumors (including benign,
borderline and malignant ovarian tumors), especially in epithelial OC patients mostly with a high
expression of serum CA125. Therefore, CA125 has
high sensitivity but poor specificity in the diagnosis of OC [15]. It has been found that the sensitivity
of CA125 or HE4 alone in the diagnosis of OC is
43.3% and 72.4%, respectively, while the sensitivity of the combination of the two can be up to 76.4%
[16]. In this study, the levels of serum HE4, VEGF
and CA125 in NACT group were greatly lower than
those in control group after treatment, indicating
that tumor cells are effectively killed and tumor
burden is significantly reduced after NACT.
Whether NACT can improve the prognosis and
prolong the survival time of patients with AOC is
still controversial. Lim et al. [17] believed that although NACT can reduce the scope of cytoreductive
surgery, tumor stem cells may still survive in the
scar tissues formed by tumor necrosis after chemotherapy, resulting in chemotherapy resistance and
tumor recurrence. Bristow and Chi argued that the
survival time of patients with AOC (n=24) is positively correlated with the proportion of satisfactory
tumor shrinkage after cytoreductive surgery, but
the survival time of patients is reduced by about
4.1 months with each additional NACT [18]. According to the relevant studies of Taşkın et al. [19]
and Rauh-Hain et al. [20], although NACT increases
the probability of satisfactory tumor shrinkage in
cytoreductive surgery and reduces the incidence of
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perioperative complications, neither PFS nor OS of
patients is prolonged. In this study, the results also
showed that no statistically significant differences
were observed in the median OS and survival rate
between the two groups (p>0.05). It can be seen
that preoperative NACT and cytoreductive surgery
may be unable to prolong the survival time of patients. Therefore, the therapeutic regimen with a
smaller scope of surgery, a lower incidence rate of
complications and better prognosis may be more
suitable for patients with AOC.
There were still deficiencies in this study. For
example, the number of cases was smaller, the follow-up content was not comprehensive enough, the
tumor progression of patients was not studied, and
the quality of life of patients was not evaluated.
Therefore, further multi-center large-sample randomized controlled clinical studies are still needed
to confirm the conclusions made in this study.
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Conclusions
NACT can significantly shorten the duration of
cytoreductive surgery of AOC, reduce intraoperative blood loss, accelerate postoperative recovery,
raise the optimal cytoreduction rate, and enhance
the clinical efficacy, without greatly improving the
survival time of patients.
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