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Abstract
Intraperitoneal (IP) chemotherapy is believed to prolong the survival of patients with advanced ovarian cancer after primary debulking
surgery. However, there is little knowledge about IP chemotherapy in the setting of neoadjuvant chemotherapy, and there are
contradictory conclusions about adjuvant IP chemotherapy. Here, we evaluated the feasibility of neoadjuvant and adjuvant IP
chemotherapy in patients with advanced epithelial ovarian cancer (AEOC).
We retrospectively reviewed the data of 114 patients with AEOC who received neoadjuvant chemotherapy followed by

laparoscopic conservative interval debulking surgery (NACT+LIDS) in our institution from January 1, 2009 to December 31, 2017.
The median overall survival (OS) was 56 months and the median disease-free interval (DFI) was 14 months for the entire study

population. Neoadjuvant IP chemotherapy cycles were crucial for the treatment of no gross residual (R0) disease (hazard ratio [HR]=
0.446, 95% confidence interval [CI]=0.245–0.811), which was independently associated with OS of the entire study population
(HR=9.589, 95% CI=3.911–23.507). In addition, residual disease and body mass index (BMI) were the prognostic factors for DFI
(HR=6.022, 95% CI=3.632–9.986; HR=1.085, 95% CI=1.012–1.163). However, adjuvant IP cycles along with BMI were the
determining factors for DFI in the R0 group (HR=0.703, 95% CI=0.525–0.941; HR=1.130, 95% CI=1.025–1.247), and were
associated with OS in the R0 group (HR=0.488, 95%CI=0.289–0.824). The OS and DFI Kaplan-Meier curves stratified by adjuvant
IP chemothearpy cycles within the R0 group were statistically significant (P= .024 and P= .033, respectively).
Our results showed improvement in patients with AEOC in terms of survival, thus suggesting the feasibility of neoadjuvant and

adjuvant IP chemotherapy.

Abbreviations: AEOC= advanced epithelial ovarian cancer, ASA= American Society of Anesthesiologists, AUC= area under the
curve, DFI = disease-free interval, GCIG = Gynecological Cancer Intergroup, GOG = Gynecologic Oncology Group, IDS = interval
debulking surgery, IP = intraperitoneal chemotherapy, LIDS = laparoscopic conservative interval debulking surgery, NACT =
neoadjuvant chemotherapy, OS = overall survival, RD = residual disease.

Keywords: adjuvant chemotherapy, advanced epithelial ovarian cancer, interval debulking, intraperitoneal chemotherapy,
neoadjuvant chemotherapy
1. Introduction
Ovarian cancer is one of the most lethal and common
gynecological cancers according to global cancer data. Most
ovarian cancer patients are diagnosed at advanced stages.
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Complex factors result in a terrible 5-year survival rate
<50%, and epithelial ovarian cancer accounts for almost 90%
of the subtypes.[1,2] Neoadjuvant chemotherapy followed by
interval debulking surgery (NACT+IDS), which is still under
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Table 1
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debate, was introduced for AEOC patients who could not achieve
optimal primary debulking surgery (PDS) safely.[3,4] However,
the exact and appropriate NACT and adjuvant chemotherapy
cycles are not decided, with the advised cycles resulting from a
few prospective studies,[5–8] and the medication methods by
intraperitoneal or intravenous administration are still being
explored. Intraperitoneal (IP) chemotherapy has gained more
attention worldwide as promising results have been achieved in
some large prospective studies.[9–11] A retrospective study based
on these data concluded that the advantages of IP chemotherapy
extended over 10 years and more IP chemotherapy cycles may
lead to better survival results, but the catheter-related compli-
cations and increased toxicity dissuaded wide acceptance of IP
chemotherapy.[12] However, few research studies have examined
the potential benefits of neoadjuvant IP chemotherapy.[13,14]

Limited research demonstrating the survival outcomes of
advanced ovarian cancer patients who received IDS and adjuvant
IP chemotherapy has been inconsistent.[15–20]

The main aim of this study was to evaluate the feasibility of
neoadjuvant and adjuvant IP chemotherapy in AEOC patients
after laparoscopic conservative interval debulking surgery.
Baseline characteristics of the study population (n=114).
Age, y 51.6±9.3
BMI, kg/m2 23.2±3.3
Type of ovarian cancer
Serous 97 (85.1%)
Nonserous 17 (14.9%)

Grade
High 92 (80.7%)
Median 4 (3.5%)
Low 3 (2.6%)
unknown 15 (13.2%)

FIGO stage
IIIA-IIIB 17 (14.9%)
IIIC 87 (76.3%)
IV 10 (8.8%)

Neoadjuvant IP cycles
0 17 (14.9%)
1 63 (55.3%)
2. Methods

2.1. Study population

This retrospective study was approved by the Institutional
Review Board (IRB) of the First Affiliated Hospital of Third
Military Medical University (ArmyMilitary Medical University).
Informed consent was waived by the IRB. This study enrolled
patients with advanced (FIGO2008 stage III to IV) epithelial
ovarian cancer who received NACT+LIDS at our institution
from January 2009 toDecember 2017. All women eligible for this
study were diagnosed by biopsy or cytologic examination based
on histological proofs. Data collection included demographic
information and intact preoperative examinations. Histological
subtype, grade, FIGO stage, and medical surgery records were
also extracted from the database.
2 27 (23.7%)
3 7 (6.1%)

NACT cycles
2 67 (58.8%)
3 37 (32.5%)
≥4 10 (8.8%)

Lymph nodes
Positive 56 (49.1%)
Negative 58 (50.9%)

Residual disease
R0 66 (57.9%)
R1 48 (42.1%)

Adjuvant IP cycles
0 17 (14.9%)
1 25 (21.9%)
2 41 (36.0%)
3 31 (27.2%)

Adjuvant chemotherapy cycles
3–4 30 (26.3%)
5 42 (36.8%)
≥6 42 (36.8%)

Median OS, mo 56.0
Median DFI, mo 14.0

BMI=body mass index, DFI=disease-free interval, IP= intraperitoneal chemotherapy, NACT=
neoadjuvant chemotherapy, OS= overall survival.
2.2. Treatment

The patients were elevated by our experts to receive treatments.
The American Society of Anesthesiologists (ASA) score of these
patients was no worse than grade II. Once the histological proof
was obtained, the NACT started. These patients in our center
received at least 2 cycles of NACT followed by adjuvant
chemotherapy, and the total number was decided by our experts,
but no <6. Patients received IV paclitaxel and carboplatin/
cisplatin or IV docetaxel and cisplatin every 3 weeks. The IP
regimen was modified based on GOG-172 (Gynecologic
Oncology Group): IV paclitaxel (135mg/m2) or docetaxel (75
mg/m2) on day 1, and IP cisplatin (75mg/m2) or carboplatin area
under the curve 5 to 6 on day 2.[9,21,22] However, we did not
include IP paclitaxel on day 8 because most patients living in
remote areas lacked immediate medical support in case of severe
complications and it was inconvenient for them to return to the
hospital. The possibly inefficient absorption of paclitaxel from
the peritoneal cavity was also disadvantageous to its use.[23]

All patients showed stable, partial, or complete response to
NACT. Regarding the reluctance and more complications for
patients after radical surgery, which would reduce the number of
adjuvant IP cycles, we chose the patients after LIDS.[23] LIDS
2

usually includes total hysterectomy, bilateral salpingo-oophorec-
tomy, peritoneal biopsies or excisions, infracolic omentectomy,
appendectomy, selected pelvic lymphadenectomy, and/or para-
aortic lymphadenectomy. They were followed regularly after the
designed remedies, and routine examinations consisted of serum
biomarkers, electrocardiogram, ultrasonography, and computed
tomography, if necessary. A total of 114 people qualified for
analysis in the database. All the planned treatments were
completed. None were lost to follow-up.
2.3. Definition

Overall survival (OS) in this study was defined as the period from
the date of diagnosis to the day of death from any cause. The
disease-free interval (DFI) was calculated from the last treatment
to the first recurrence or death from any cause. Response to
NACT was classified according to the Gynecological Cancer
Intergroup (GCIG) criteria.[24] Our measurement of residual



Table 2

Univariate and Multivariate logistics regression of R0 IDS-related
factors.

Univariate Multivariate

Variate Exp (b) P Exp (b) P

Age 1.025 .238
BMI 1.003 .957
FIGO stage 1.591 .251
Grade 1.152 .452
NACT cycles 1.183 .561
neoadjuvant IP cycles 0.513 .015 0.446 (0.245,0.811) .008
Histology 0.714 .539

BMI=body mass index, IDS= interval debulking surgery, IP= intraperitoneal chemotherapy, NACT=
neoadjuvant chemotherapy.
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disease was relatively strict and conservative compared with
others. No gross residual (R0) disease was defined as all diseases
that were cytoreduced by electronic devices. If these diseases were
not resected using an en bloc approach, leaving residual disease
(RD) �1cm, we considered it as optimal (R1).
Table 3

Univariate and Multivariate COX regression of OS in the whole
study patients.

Univariate Multivariate
Variate OR (95% CI) OR (95% CI)

Age 1.035 (1.003–1.069)
BMI 1.020 (0.937–1.112)
FIGO stage
IIIA-IIIB 1.0 (Reference)
IIIC 3.053 (0.730–12.771)
IV 2.273 (0.413–12.511)

Grade
High 1.0 (Reference)
Median 1.249 (0.285–5.478)
Low 0.000 (0.000 ± ∞)
Unknown 1.105 (0.427–2.860)
Histology 1.084 (0.422–2.787)
Lymph nodes 1.945 (1.007–3.756)
Residual disease 5.882 (2.899–11.932) 9.589 (3.911–23.507)

NACT cycles
2 1.0 (Reference)
3 1.298 (0.650–2.590)
≥4 2.004 (0.783–5.128)

Neoadjuvant IP cycles
0 1.0 (Reference)
1 2.094 (0.621–7.058)
2 2.551 (0.725–8.974)
3 2.410 (0.485–11.980)

Adjuvant IP cycles
0 1.0 (Reference)
1 1.347 (0.504–3.600)
2 0.563 (0.200–1.584)
3 0.777 (0.288–2.097)

Adjuvant chemotherapy cycles
3–4 1.0 (Reference)
5 0.620 (0.284–1.354)
6–10 0.637 (0.297–1.364)

BMI=body mass index, CI= confidence interval, DFI=disease-free interval, IP= intraperitoneal
chemotherapy, NACT=neoadjuvant chemotherapy, OR= odds ratio, OS=overall survival.
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2.4. Statistical analysis

Logistic regression was used to explore R0-related factors. The
Cox proportional hazards model was used to evaluate the
prognostic factors that affected OS and DFI. OS and DFI were
calculated using the Kaplan–Meier method. The log-rank test
was used to investigate the variances in Kaplan–Meier curves
among the different adjuvant IP chemotherapy cycles in the R0
group. P< .05 was considered significant. Statistical analysis was
performed using IBM SPSS version 20 (SPSS Inc, Chicago, IL).
3. Results

3.1. Baseline characteristics

A total of 114 patients with AEOCmet the inclusion criteria, with
an average age of 51.6±9.3 years. Most of them were serous
subtype, high grade, and FIGO stage IIIC (85.1%, 80.7%, and
76.3%): nearly half had lymph node metastasis (49.1%), 17
patients did not receive neoadjuvant IP chemotherapy, 17 patients
did not receive adjuvant IP chemotherapy, and 3 patients did not
receive any IP chemotherapy. ThemedianOSandDFIwere 56 and
14 months, respectively. Details are shown in Table 1.
Table 4

Univariate and Multivariate COX regression of DFI in the whole
study patients.

Univariate Multivariate
Variate OR (95% CI) OR (95% CI)

Age 1.008 (0.984–1.032)
BMI 1.086 (1.016–1.161) 1.085 (1.012–1.163)
FIGO stage
IIIA-IIIB 1.0 (Reference)
IIIC 2.079 (0.995–4.343)

IV 2.644 (1.017–6.874)
Grade
High 1.0 (Reference)
Median 0.946 (0.296–3.027)
Low 0.989 (0.309–3.164)
Unknown 0.703 (0.337–1.465)
Histology 0.701 (0.350–1.403)
Lymph nodes 2.014 (1.289–3.149)
Residual disease 6.072 (3.661–10.070) 6.022 (3.632–9.986)

NACT cycles
2 1.0 (Reference)
3 1.214 (0.758–1.945)
≥4 1.351 (0.607–3.006)

Neoadjuvant IP cycles
0 1.0 (Reference)
1 0.793 (0.418–1.504)
2 0.631 (0.305–1.306)
3 0.523 (0.168–1.625)

Adjuvant IP cycles
0 1.0 (Reference)
1 1.112 (0.543–2.279)
2 0.750 (0.385–1.460)
3 0.720 (0.359–1.442)

Adjuvant chemotherapy cycles
3–4 1.0 (Reference)
5 1.095 (0.634–1.892)
6–10 0.973 (0.551–1.719)

BMI=body mass index, CI=confidence interval, DFI=disease-free interval, IP= intraperitoneal
chemotherapy, NACT=neoadjuvant chemotherapy, OR= odds ratio.

http://www.md-journal.com


Table 5

Multivariate analysis of OS and DFI within R0 group.

OS DFI

HR (95% CI) P HR (95% CI) P

Adjuvant IP cycles 0.488 (0.289–0.824) .007 0.703 (0.525–0.941) .018
BMI 1.130 (1.025–1.247) .014

BMI=body mass index, CI=confidence interval, DFI=disease-free interval, HR=hazard ratio, IP= intraperitoneal chemotherapy, OS= overall survival.
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3.2. Predictors of R0 surgery

We included clinical and therapeutic factors that were reportedly
related to optimal surgery in the logistics regression. Univariate
andmultivariate analyses showed that only neoadjuvant IP cycles
were R0-related factors (hazard ratio [HR]=0.446, 95%
confidence interval [CI]=0.245–0.811, P= .008). Details are
shown in Table 2.

3.3. Association between IP cycles and survival results

Univariate analysis identified age and residual disease as OS-
related factors (Table 3). Multivariate analysis of all study
patients demonstrated that only residual disease was associated
with OS (HR=9.589, 95% CI=3.911–23.507), as shown in
Figure 1. Kaplan-Meier curves of OS among 0-3 adjuvant IP cycles,

4

Table 3. The univariate Cox proportional hazards model
associated lymph node, residual disease, and BMI with DFI
(Table 4), but multivariate analysis revealed that residual disease
and BMI were associated with DFI (HR=6.022, 95% CI=
3.632–9.986; HR=1.085,95% CI=1.012–1.163), as shown in
Table 4. Multivariate Cox regression analysis within the R0
group showed that adjuvant IP cycles and BMI were related to
DFI, and only adjuvant IP cycles were associated with OS (HR=
0.703, 95% CI=0.525–0.941; HR=1.130, 95% CI=1.025–
1.247; HR=0.488, 95% CI=0.289–0.824, respectively), as
shown in Table 5. The Kaplan–Meier curves of OS and DFI
divided by adjuvant IP chemotherapy cycles showed significant
differences in the R0 group (P= .024 and P= .033, respectively)
(Figs. 1 and 2).
P= .024. IP= intraperitoneal chemotherapy, OS=overall survival.



Figure 2. Kaplan-Meier curves of DFI among 0-3 adjuvant IP cycles, P= .033. DFI=disease-free interval, IP= intraperitoneal chemotherapy.
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4. Discussion

The idea of locoregional chemotherapy for ovarian cancer
patients was first introduced in 1978, and further research
followed.[25] The most famous 3 prospective studies accom-
plished by the GOG laid solid foundations for the wide use of IP
chemotherapy.[9–11] The National Cancer Institute issued an alert
recommending IP chemotherapy,[26] but the underuse of IP
chemotherapy was obvious due to intolerable toxicity. Although
the IP chemotherapy regimen and dose in these 3 studies were
different, the long-term survival results were still statistically
significant. For example, GOG-104 did not use paclitaxel and
included patients with residual disease �2cm in the largest
diameter. However, GOG-252 failed to demonstrate progres-
sion-free survival benefit because of the differences of the use of
bevacizumab in all arms.[27] Sequent studies adopted various
modifications of the IP chemotherapy regimen based on GOG-
172 to subside toxicity, but these did not affect the survival
results.[28–30]

IP chemotherapy has been approved for its obvious advantages
after optimal PDS,[9–11] but the survival results have been
inconsistent for patients after IDS,[14–20] and the appropriate
adjuvant chemotherapy cycles for patients with advanced ovarian
cancer patients are still undecided. Moreover, no consensus has
5

been reached about how many cycles should be given definitely
duringNACT.Many studies have suggested that toomanyNACT
cycles would affect the survival and increase the risk of platinum-
resistant recurrence.[31–33] Moreover, few articles have reported
the utility of neoadjuvant IP chemotherapy.[13,14]

Here, we analyzed the data of patients going through NACT+
LIDS. Our results showed that neoadjuvant and adjuvant IP
chemotherapy were supportive; they are the predictive factors
that affected the surgery and survival outcomes. Our logistic
analysis showed that neoadjuvant IP cycles were more important
than NACT cycles related to R0. Previous studies have revealed
that patients treated with NACT acquired a higher rate of
optimal surgery compared with PDS, but this could not translate
into better survival results,[4] NACT probably left platinum-
resistant colonies of cancer stem cells,[34] which are difficult to
remove absolutely.[35] IP chemotherapy in the setting of
neoadjuvant chemotherapy enhanced the R0 accomplishments
but failed to improve survival results in our study. However,
adjuvant IP chemotherapy was identified as a meaningful factor
for OS and DFI. Previous studies found that IP chemotherapy
could increase several-fold drug concentration in the abdominal
cavity, and the slow absorption of the drug due to the peritoneum
barrier could induce remarkable penetration into the tumor cells
and reduce the tumor load apparently.[12] However, this benefit

http://www.md-journal.com
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of IP chemotherapy may fade as permeating into gross residual is
difficult,[36,37] yet other articles have contemplated that multiple
cycles of IP could enhance the penetrating effects by high
concentration and long exposure.[12,38] In addition, the temper-
ature of our solution (approximately 40–42°C) was higher than
that in previous studies, which could produce a better effect than
normothermic IP according to the theory of hyperthermia.[39]

Possibly, the merits of neoadjuvant IP chemotherapy were
weakened by the increasing number of NACT cycles and large
bulky disease; therefore, this form of chemotherapy could not
demonstrate its advantages on survival.
Some studies were against the positive functions of adjuvant IP

chemotherapy.[15–19] Our multivariate Cox regression analysis
concerning adjuvant IP cycles among the whole study population
was consistent with previous results, but adjuvant IP cycles were
the most important factor for OS and DFI within the R0 group.
Although Kaplan–Meier curves of OS and DFI did show the
significant differences and a promising tendency, our results did
not stand by the suggestion that R0 patients would benefit from
more adjuvant IP cycles, which needed ongoing research for
verification. One retrospective study pointed out that the
definition of “optimal” should be R0 rather than R1 for ovarian
cancer patients after IDS[4]; our results support this idea. Those
mentioned above may partially explain why adjuvants, but not
neoadjuvant IP chemotherapy, behave as an essential element to
improve survival results.
Our results demonstrated the importance and feasibility of

neoadjuvant and adjuvant IP chemotherapy to improve the
survival of patients with AEOC, but since this was a small,
retrospective studywith a very specific subset ofwomen and only 1
single center experience, bias was unavoidable. Patients with
decreasing tumor loads, forwhomoptimal surgery by laparoscopy
was easier to achieve,were enrolled in the study. Second,we should
pay attention to the changes in chemotherapeutic drugs between
cisplatin and carboplatin; some patients firmly refused the
proposal because of cisplatin-related toxicity. On the contrary,
lower toxic events and equal survival results after IP carboplatin
chemotherapy were reported.[22] Third, we have to modify the
recommended regimens for patients and remove IP paclitaxel on
day 8 because many patients who lived far away from hospitals
could not obtain essential medical care to attenuate side effects.
This compromise may affect the survival results. Although direct
comparisonswith previous studies were impossible, OS andDFI in
our study were similar to previous survival results, suggesting a
practicable modification.[16,19,20] Otherwise, the lack of compari-
son with patients who underwent neoadjuvant and adjuvant IP
chemotherapynecessitated laparotomy, and the specific samples in
our study meant that the conclusions could not be generalized, but
still signified the potential value of neoadjuvant and adjuvant IP
chemotherapy in AEOC patients.
5. Conclusions

Our results showed improvement in the survival rate of patients
with AEOC who received neoadjuvant and adjuvant IP
chemotherapy, especially for those without residual disease.
Further studies with a larger sample are needed to validate this
finding before generalization.
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