
Abstract. Background/Aim: Tumour biopsy using
laparoscopy before neoadjuvant chemotherapy for advanced
ovarian cancer has been widely accepted. However, there are
few reports about its operative outcome compared to biopsy
with laparotomy. We investigated the advantage of
laparoscopic biopsy for advanced ovarian cancer. Patients
and Methods: We included 23 patients who underwent
laparoscopy and 27 who underwent exploratory laparotomy
before neoadjuvant chemotherapy between January 2012 and
August 2020. We reviewed their medical records and
evaluated their operative outcomes. Results: Blood loss was
significantly lower in the laparoscopy group (5 ml vs. 320 ml,
p<0.05). The period until the initiation of neoadjuvant
chemotherapy was significantly shorter in the laparoscopy
group (12 days vs. 16 days, p<0.05). Overall survival did not
differ significantly between the two groups (25.4 months vs.
24.7 months, p=0.53). Conclusion: Laparoscopic tumour
biopsy is useful and safe for histological diagnosis, thereby
allowing for early introduction to neoadjuvant chemotherapy.

Epithelial ovarian cancer (EOC) is the gynaecological
malignancy with the highest mortality rate. At the time of
diagnosis, most patients have stage III or IV disease classified
according to the International Federation of Gynecology and
Obstetrics (FIGO) staging system, indicating that the tumour
has disseminated into the peritoneal cavity and/or

metastasized to organs outside the pelvis. Adequate surgical
cytoreduction is the most important independent prognostic
factor, and the standard treatment for advanced EOC is
primary debulking surgery (PDS) followed by platinum-based
chemotherapy. On the other hand, it is generally supported
that massive ascites, poor performance status, malnutrition,
and pleural effusion are often associated with extensive
disease spread, and in those cases, neoadjuvant chemotherapy
(NAC) with interval debulking surgery (IDS) could be a good
alternative treatment. Previous randomized clinical trials
(EORTC, CHROUS, JCOG0602) reported no difference in
survival outcomes in stage IIIC/IV ovarian cancer patients
who were treated with NAC plus IDS compared with PDS,
and the surgically-related morbidity rate (such as
haemorrhagic, infective, and thromboembolic adverse events)
was higher in PDS (1-3). However, the problem has been
often discussed that these trials resulted in low rate of
complete/optimal surgery in both PDS and IDS and median
operative time in these trials was shorter than other studies
(4-6). The SCORPION trial showed relatively higher rates of
complete/optimal surgery in PDS and IDS, 91% and 81%
respectively, possibly due to introduction of scoring
peritoneal dissemination by laparoscopic surgery (7). There
was no difference in prognosis between PDS and IDS groups,
in spite of improvement in surgical outcome. The
SCORPION trial showed that PDS also resulted in
significantly higher incidence of perioperative complication
than IDS. Diagnostic laparoscopic surgery for advanced EOC
is gaining popularity because it is minimally invasive and can
achieve the purpose of tumour biopsy as well as evaluate the
clinical stage (8). Therefore, ovarian cancer treatment
guidelines including those of the National Comprehensive
Cancer Network recommend diagnostic laparoscopy for
advanced EOC for proper clinical staging and tumour biopsy,
but there were few reports on tumour biopsy using
laparoscopy vs. laparotomy (9). 

We introduced tumour biopsy using laparoscopy for patients
with preoperative clinical stage IIIC or higher, because we
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hope that minimally invasive laparoscopic tumour biopsy
would allow early introduction of NAC. In this study, we
retrospectively evaluated the usefulness and safety of biopsy
performed by laparoscopic surgery vs. laparotomy for patients
with suspected advanced EOC by the preoperative evaluation.

Patients and Methods
This retrospective study was conducted in the Jikei University
Hospital and received approval from the Jikei University ethical
review board [27-079(7964)]. The study included patients who were
diagnosed with clinically advanced EOC on a preoperative imaging
study (computed tomography and/or magnetic resonance imaging)
and those for whom complete or optimal cytoreduction in PDS was
predicted to be difficult due to massive peritoneal dissemination.
We started to perform tumour biopsy using laparoscopy in January
2016. The exclusion criteria were suspected clear cell carcinoma or
mucinous carcinoma on a preoperative evaluation because both are
resistant to chemotherapy. Patients who underwent laparoscopy
between April 2016 and August 2020 were compared with those
who underwent exploratory laparotomy between January 2012 and
August 2020 for tumour biopsy and clinical staging. The following
parameters were compared between groups: patient characteristics,
surgical outcomes, perioperative complications, histological
diagnosis accuracy, sampling size, time taken to initiate NAC, and
postoperative treatment outcomes. 

Continuous variables were analysed using Mann-Whitney U-test,
whereas categorical variables were analysed using the χ2 test. The
progression-free survival (PFS) and overall survival (OS)
distributions of the patients were calculated using the Kaplan-Meier
method. The significance of the survival distribution in each group
was assessed using the log-rank test. p-Values less than 0.05 was
considered statistically significant. All statistical analyses were
performed using EZR version 1.54 (10).

In our Institution, we use a 5-mm flexible scope, as the small
diameter allows for the observation of the entire abdominal cavity
in the presence or absence of external tumour adhesions. The
procedure of tumour biopsy using laparoscopy in our hospital is as
follows:

(i) A 4-cm skin incision is made at the midline of the lower
abdomen.

(ii) A SMART RETRACTOR® (TOP, Tokyo, Japan) with a flap
is introduced into the incision, the abdominal cavity is insufflated,
and a 5-mm trocar is inserted through a FREE ACCESS® (TOP).

(iii) First, the entire abdominal cavity is inspected to confirm
whether there are any adhesions with the abdominal wall.

(iv) The abdominal cavity, including the epigastric region, flanks,
and lower abdomen, is fully inspected. The omentum and small
intestine are mobilized carefully, and the root of the mesentery is
checked for disseminated lesions. In addition, the liver and stomach
are mobilized carefully using forceps, and an extensive check is
performed to confirm the presence or absence of diaphragmatic
lesions.

(v) Resectable lesions in the adnexa, fallopian tubes, omentum,
and peritoneum are excised. The tumour is extirpated through the
small incision.

Results

This study enrolled a total of 50 patients, of whom 23 and 27
underwent tumour biopsy using laparoscopy and exploratory
laparotomy, respectively (Table I). The median follow-up
period was 28.4 months for the laparoscopy group and 25.2
months for exploratory laparotomy. The median age was 59
years in the laparoscopy group and 60 years in the exploratory
laparotomy group. Clinical stage IIIC accounted for the largest
number of cases (laparoscopy: 70%; laparotomy: 85%).
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Table I. Comparison of patient characteristics between laparoscopy and laparotomy groups.

                                                                             Laparoscopy Laparotomy p-Value
                                                                             n=23 n=27

Median follow up period (months)                    28.4 (15.1, 35.1) 25.2 (10.4, 42.5)            0.42
[median (IQR)]

Age mean [median (IQR)]                                  59 (56, 69.5) 60 (51, 66)                 0.7
Cancer type                                                          Ovarian cancer 6 (26%) 10 (37%)                   0.42
                                                                             Fallopian tube cancer 14 (61%) 16 (59%)                     
                                                                             Primary peritoneal cancer 3 (13%) 1 (4%)                       
Clinical stage                                                       IIIB 3 (13%) 3 (11%)                    0.25
(FIGO2018)                                                          IIIC 16 (70%) 23 (85%)                     
                                                                             IVA 4 (17%) 1 (4%)                       
Histology                                                              High grade serous carcinoma 22 (96%) 22 (81%)                   0.06
                                                                             Endometrioid carcinoma 1 (4%) 0 (0%)                       
                                                                             Clear cell carcinoma 0 (0%) 5 (19%)                      
Preoperative blood test                                       CA125 (U/ml) [median (IQR)] 773 (414, 1,723) 1,391 (591, 2,784)           0.3
                                                                             Alb (g/dl) [median (IQR)] 3.7 (3.2, 4.2) 3.7 (3.3, 4.0)                0.81
                                                                             WBC (/μl) [median (IQR)] 6,800 (6,000, 8450) 7,200 (6,350, 8,500)          0.44
                                                                             CRP (mg/dl) [median (IQR)] 1.29 (0.27, 4.24) 2.78 (1.06, 4.93)             0.32

Alb, Albumin; CA125, cancer antigen 125; CRP, C-reactive protein; FIGO, International Federation of Gynecology and Obstetrics; IQR, interquartile
range; SD, standard deviation; WBC, white blood cells.



Among the final pathological diagnosis, high-grade serous
carcinoma accounted for the largest number of cases
(laparoscopy: 96%; laparotomy: 81%). Table II shows the
surgical outcomes of the two groups. The operative time
showed no significant intergroup difference [laparoscopy: 85
(73-105) min vs. laparotomy: 109 (85-146) min (median
(IQR)), p=0.07]. However, the operative blood loss was
significantly less in patients who underwent laparoscopy
[laparoscopy: 5 (5-8) ml vs. laparotomy: 109 (85-146) ml
(median (IQR), p<0.001]. The laboratory results including
white blood cells, C-reactive protein (CRP), and albumin on
postoperative day 1 were better in the laparoscopy group than
in the laparotomy group. Perioperative complications not
requiring treatment occurred in one case in each group.
Twenty-one patients who underwent laparoscopy were
diagnosed with high-grade serous carcinoma; one had high-
grade adenocarcinoma and one had endometrioid carcinoma.
Similarly, 21 patients who underwent laparotomy were
diagnosed with high-grade serous carcinoma vs. six with clear
cell carcinoma. The concordance rate of the pathological
diagnosis between laparoscopy and IDS was 96%. The
concordance rate for laparotomy was also 96%. 

The pathologist suspected high-grade serous carcinoma or
endometrioid carcinoma in the patient who was lacking a
definite diagnosis. For seven cases in the laparoscopy group
and nine cases in the laparotomy group, only the peritoneum
and omentum were biopsied and the primary lesion was not
removed. In these cases, the median (IQR) surface area of
the slide sections at the time of specimen preparation was
266 (127-749) mm2 in the laparoscopy group and 875 (196-
1,820) mm2 in the laparotomy group, respectively. There was
no significant intergroup difference in the slide surface area.
The time it took to confirm the diagnosis was significantly
shorter in the laparoscopy group than in the laparotomy

group [laparoscopy: 5.0 (3.5-6.5) vs. laparotomy: 6.5 (5.0-
9.0) days (median (IQR)), p<0.05). The duration from the
operation to initiation of NAC was significantly shorter in
the laparoscopy group than the laparotomy group
[laparoscopy: 12 (7.5-17.5) vs. laparotomy: 16 (11.5-29.5)
days (median (IQR)), p<0.05]. In the NAC regimen of the
laparoscopy group, 15 patients were treated for NAC with
dose-dense paclitaxel plus carboplatin (ddTC), 4 with
paclitaxel plus carboplatin (TC), and 4 with TC plus an
investigational new drug. On the other hand, in the NAC
regimen of the laparotomy group, 19 patients were treated
with dose dense ddTC, 6 with conventional TC, and 2 with
TC plus an investigational new drug. Twenty-two patients
(96%) had IDS in the laparoscopy group vs. 21 (76%) in the
laparotomy group (p=0.16). One patient treated with
laparoscopy responded well to chemotherapy, but she and
her family wished to use chemotherapy alone because of her
age (78 years) and low performance status. Six patients
treated with laparotomy did not undergo IDS: 2 were elderly
(84 years and 85 years), 1 died of adverse events during
NAC, and 2 had disease progression. Regarding IDS
outcomes, there was no difference in operative time and
blood loss [laparoscopy: 380 (328-508) vs. laparotomy: 403
(290-472) min, p=0.91; laparoscopy: 795 (692-1,390) vs.
laparotomy: 780 (660-1,020) ml, p=0.82, respectively].
Eighteen patients (82%) underwent complete surgery (no
residual tumour) with IDS in the laparoscopy group vs. 16
patients (76%) in the laparotomy group (Table III). Figure 1
shows the median PFS and OS after IDS. There was no
significant intergroup difference between two groups (PFS:
14.1 for laparoscopy vs. 14.5 months for laparotomy, p=0.63,
OS: 25.4 for laparoscopy vs. 24.7 months for laparotomy,
p=0.53). There was no recurrence at the port site in the
laparoscopy group during the follow-up period.
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Table II. Comparison of surgical outcome between laparoscopy and laparotomy groups.

                                                                             Laparoscopy Laparotomy p-Value
                                                                             n=23 n=27

Operative time (minutes) [median (IQR)]          85 (73, 105) 109 (85, 146)               0.07
Operative blood loss (ml) [median (IQR)]         5 (5, 8) 320 (70, 580)             <0.001
Perioperative Complication                                 1 (4%)*1 1 (4%)*2                   1
Site of tumor biopsy                                            Salpingo-oophorectomy 8 (35%) 16 (59%)                   0.052
                                                                             ±omentum or peritonea                             
                                                                             Salpingectomy 8 (35%) 2 (7.5%)                     
                                                                             ±omentum or peritonea                             
                                                                             Omentum±peritonea 6 (26%) 4 (15%)                      
                                                                             Peritonea 1 (4%) 3 (11%)                     
                                                                             Others 0 (0%) 2 (7.5%)                     
Blood test (POD1)                                               Alb (g/dl) [median (IQR)] 2.9 (2.2, 3.2) 2.1 (1.9, 2.5)              <0.05
                                                                             WBC (/μl) [median (IQR)] 8,600 (6,900, 10,100) 10,000 (8,200, 12,000)     <0.05
                                                                             CRP (mg/dl) [median (IQR)] 1.6 (0.8, 3.3) 7.7 (6.5, 10.2)             <0.05

Alb, Albumin; CRP, C-reactive protein; POD, postoperative day; WBC, white blood cells; *1, liver damage; *2, ileus.



Discussion

Minimally invasive surgery, including traditional
laparoscopy and robotic-assisted surgery, is becoming
increasingly common in the surgical management of
gynaecologic malignancies. According to a report by Conead
et al., a questionnaire survey among the members of the
Society of Gynecologic Oncology revealed that during the
3-year period between 2004 and 2007, an increasing number
of gynaecologists considered minimally invasive surgery
appropriate for treating gynaecological malignancies (11).
Lin CJ et al. reported that minimally invasive surgery was
generally beneficial because of its shorter hospitalization
period, decreased rates of perioperative complications,
wound infection, and postoperative pain; and quicker
recovery (12). The current study demonstrated that tumour
biopsy using laparoscopy for advanced EOC had shorter
operative time and significantly less perioperative bleeding
than exploratory laparotomy and there were no obvious
severe perioperative complications. Indeed, this study
demonstrated that laparoscopy had a shorter duration from
tumour biopsy to NAC than laparotomy because of the rapid
recovery. Advanced-stage EOC in particular should be
treated as soon as possible. Since patients often have
symptoms that interfere with daily life, such as pleural
effusion and ascites, laparoscopy can be useful to introduce
early therapeutic intervention and improve quality of life.

It has often been discussed that the risk of port site
implantation and tumour rupture are challenging issues in

laparoscopy for ovarian cancer (13-16). Although the
frequency of port-site implantation is reportedly extremely
low (0.97%) (17), most of these reports were based on early-
stage ovarian cancer data rather than those of patients with
advanced EOC. Some strategies have been suggested to
prevent port-site implantation, such as a decreased number
of ports, port-site excision at the time of debulking surgery,
peritoneal closure of the port site, and removal of the trocar
under pneumoperitoneum (8). At our Institution, the tumour
is extracted through the small midline incision and direct
removal through a trocar is avoided. Besides, we used a 5-
mm trocar to minimize the peritoneal defects except for the
midline wound site. No patients who underwent laparoscopy
in this study demonstrated port-site implantation. It can be
presumed from the previous report and this study that
extracting the tumour through the small midline wound site
without pneumoperitoneum and using a 5-mm trocar to
reduce the peritoneal defect might prevent port-site
metastasis. 

In this study, laparoscopy was performed only for the
purpose of tumour biopsy in patients in whom complete or
optimal cytoreduction in PDS was expected to be difficult
based on preoperative imaging findings. It was not
performed for the purpose of assessing whether complete or
optimal cytoreduction was possible or not. Therefore, it may
be of concern that laparoscopy would have a negative impact
on the prognosis. However, there was no significant
difference in prognosis between laparoscopy and laparotomy
groups that underwent IDS in our study. Therefore,
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Table III. Comparison of laparoscopy and laparotomy histology and treatment outcomes by group.

                                                                                     Laparoscopy Laparotomy p-Value
                                                                                     n=23 n=27

Histology of biopsy                                                    High grade serous carcinoma 21 (92%) 21 (78%)                   0.052
                                                                                     High grade adenocarcinoma 1 (4%) 0 (0%)
                                                                                     Clear cell carcinoma 0 (0%) 6 (22%)
                                                                                     Endometrioid carcinoma 1 (4%) 0 (0%)
Concordance rate for histological diagnosis            96% (22 cases) 96% (26 cases)              1
between biopsy and IDS

Period from biopsy to start NAC (days)                   12 (7.5, 17.5) 16 (11.5, 29.5)            <0.05
[median(IQR)]

NAC regimen                                                              ddTC 15 (65%) 18 (69%)                   0.09
                                                                                     TC 4 (17.5%) 6 (23%)
                                                                                     TC+others 4 (17.5%) 2 (8%)
Rate of IDS performed                                              22 (96%) 21 (75%) 0.12
Residual tumor of IDS                                               0 cm 18 (82%) 16 (76%)                   0.1
                                                                                     0-1cm 0 (0%) 5 (24%)
                                                                                     ≥1cm 4 (18%) 0 (0%)
Operative time of IDS (min) (mean±SD)                  380 (328, 508) 403 (290, 472)              0.78
Operative blood loss of IDS (ml) (mean±SD)          795 (693, 1,393) 780 (660, 1,020)             0.82

ddTC, Dose dense paclitaxel and carboplatin; IDS, interval debulking surgery; NAC, neoadjuvant chemotherapy; SO, salpingo-oophorectomy; TC,
paclitaxel and carboplatin. 



laparoscopic biopsy is considered to be a non-inferior
method to laparotomy biopsy for NAC patients. Moreover
Lin CJ et al. stated that minimally invasive surgery in
ovarian cancer could reduce the risk of postoperative
adhesions, leading to avoidance of surgical complications in
IDS (12). In terms of the rates of complete surgery (no
residual tumour) and optimal surgery (residual tumour <1
cm) among patients who underwent IDS, the laparoscopy
group had 18 cases (82%), while the laparotomy group had
21 cases (100%) (p=0.12). Previous clinical trials resulted
that the complete/optimal surgery rate was 54-70% in IDS
(1-3). Although our cases were small in number, the rate of
complete/optimal surgery in our study was not inferior to
previous clinical results. Moreover, the recent clinical study
showed that laparoscopy surgery has been introduced as a
safely and effectively alternative to laparotomy for staging
surgery and IDS (18-20). Tumour biopsy using laparoscopy
seemed not to affect the IDS surgery outcome and this
method is considered acceptable for advanced EOC. 

All patients in both groups had at least a pathological
diagnosis of adenocarcinoma from the biopsy specimens.
There was no significant difference in either group in the
concordance rate for histological diagnosis between biopsy
and IDS specimens. This result indicated that there was no
difference in diagnostic accuracy. Recently, tumour sampling
has been increasingly becoming important to determine
adjuvant therapy. Molecular targeted therapies that respond
to the individual characteristics of the tumour, such as cancer
gene mutations and biomarkers, have been introduced,
leading to improved treatment outcomes (21, 22). In patients
with homologous recombination deficiency (HRD) positivity

or BRCA1/2 germline or somatic mutations in particular,
poly (ADP-ribose) polymerase (PARP) inhibitor therapy
showed a clinically significant prognostic benefit. Now there
is one companion diagnostic each to identify patients with
advanced EOC with positive HRD or BRCA mutation. The
HRD status diagnostic system requires slide-mounted
sections of formalin-fixed paraffin-embedded tumour tissues
at least 40 μm thick (23). Gorodnova et al. recently showed
that EOC patients with BRCA1/2 germ-line mutation show
high sensitivity to platinum-based NAC (24), while Kessous
et al. reported that the expression of three homologous
recombination genes (BRCA2, TP53, and FANCB) was
associated with prolonged overall survival in EOC patients
receiving NAC with IDS (25). Homologous recombination
gene status could be a useful parameter to select patients
who are more likely to benefit from platinum-based NAC or
novel treatments like PARP inhibitors and could guide the
selection of patients for enrolment in future neoadjuvant
trials (24, 25). Conventionally, advanced EOC has been
diagnosed based on cytology of ascites and pleural effusion
samples, imaging tests, and blood tests, after which treatment
is started. For example, in the CHORUS study, 41% of
patients in the NAC group were diagnosed by cytology and
chemotherapy was started based on the cytology findings (2).
From here on, genome medicine such as molecular targeted
medicine and genome screening tests will be widely used in
cancer treatment, and sampling tumour specimens will
become more important. In our study, tumour sampling was
performed from a variety of sites by laparoscopy and
laparotomy. Most patients in our study (70% of those treated
with laparoscopic surgery and 66.5% of those treated with
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Figure 1. Kaplan-Meier plots of (A) progression-free survival (PFS) and (B) overall survival (OS) for each group that performed IDS.



laparotomy) were diagnosed with ovarian or fallopian tube
cancer, followed by salpingo-oophorectomy or
oophorectomy. In some patients, tumour samples were
removed from the peritoneum or omentum; these biopsy
sizes varied. Our study showed no statistically significant
difference in tumour size by surgical method among patients
who underwent peritoneal and omental biopsy. In both
treatment groups, the smallest tumour section area of biopsy
specimens was 30 mm2 for laparoscopic surgery and 37.5
mm2 for laparotomy surgery. These tumour sizes exceeded
the amount of tumour needed for genomic examination This
study indicated that laparoscopy is comparative in quality
and less invasive compared to laparotomy.

Conclusion

Tumour biopsy using laparoscopy for advanced EOC,
including fallopian tube and primary peritoneal carcinoma,
is useful in that NAC can be introduced earlier due to faster
recovery, and in that sufficient specimens can be obtained
for diagnosis and even genetic examination.
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