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ABSTRACT

Objective: We sought to evaluate the impact on survival of tumor burden and surgical 
complexity in relation to the number of cycles of neoadjuvant chemotherapy (NACT) in patients 
with advanced ovarian cancer (OC) with minimal (CC-1) or no residual disease (CC-0).
Methods: This retrospective study included patients with International Federation of 
Gynaecology and Obstetrics IIIC–IV stage OC who underwent debulking surgery at 4 high-
volume institutions between January 2008 and December 2015. We assessed the overall 
survival (OS) of primary debulking surgery (PDS group), early interval debulking surgery 
after 3–4 cycles of NACT (early IDS group) and delayed debulking surgery after 6 cycles (DDS 
group) with CC-0 or CC-1 according to peritoneal cancer index (PCI) and Aletti score.
Results: Five hundred forty-nine women were included: 175 (31.9%) had PDS, 224 (40.8%) 
early IDS and 150 (27.3%) DDS. Regardless of Aletti score, median OS after PDS was 
significantly higher than after early IDS or DDS, but the survival difference was higher in 
women with an Aletti score <8. Among patients with PCI ≤10, median OS after PDS was 
significantly higher than after early IDS or DDS. In women with PCI >10, there were no 
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differences between PDS and early IDS, but DDS was associated with decreased OS.
Conclusion: The benefit of complete PDS compared with NACT was maximal in patients 
with a low complexity score. In patients with low tumor burden, there was a survival 
benefit of PDS over early IDS or DDS. In women with high tumor load, DDS impaired the 
oncological outcome.

Keywords: Ovarian Neoplasms; Fallopian Tube Neoplasms; Peritoneal Neoplasms;  
Cytoreduction Surgical Procedures; Neoadjuvant Therapy; Tumor Burden

INTRODUCTION

Complete cytoreduction with no residual disease is the main prognostic factor in advanced 
epithelial ovarian cancer (OC) [1,2]. The gold standard treatment in these patients is the 
combination of complete cytoreductive surgery (CRS) with platinum and taxane-based 
chemotherapy [3]. In patients with completely resectable disease and good performance 
status, primary debulking surgery (PDS) is the first option to consider, as it has been 
consistently associated with improved survival outcomes in retrospective studies [4-6]. 
Neoadjuvant chemotherapy (NACT) is associated with lower morbidity and postoperative 
mortality [7,8], and it is preferred in medically non-operable patients or in the low likelihood 
of achieving complete cytoreduction, with non-inferior survival benefit [7,9,10]. Classically, 
interval debulking surgery (IDS) is performed after three or four cycles of NACT, and 2 or 
3 cycles of adjuvant chemotherapy are delivered after CRS to complete a total of 6 cycles of 
chemotherapy. However, reports evaluating the role of IDS after more than four cycles of 
NACT are controversial. While some have shown that survival is similar to that of patients 
undergoing IDS after three cycles of NACT [11-14], other studies have described an impaired 
prognosis of delayed IDS [15,16].

The incorporation of extensive upper abdominal procedures in CRS has increased the rate 
of optimal cytoreduction as well as improved the survival of advanced OC patients [17]. 
However, ultraradical procedures are associated with higher morbidity and postoperative 
mortality [18-20]. Likewise, high intraabdominal tumor load has a negative impact on 
survival [21-23]. The aim of our study was to evaluate the survival impact of tumor burden and 
surgical complexity in relation to the number of NACT cycles in patients with advanced OC 
with minimal or no residual disease after CRS.

MATERIALS AND METHODS

1. Patients and study design
A computer-generated search in the institutional patient database was performed to identify 
retrospectively all patients who underwent upfront, interval or closure complete CRS with 
complete cytoreduction (CC-0) or cytoreduction to minimal residual disease (CC-1) for 
stage IIIC–IV epithelial ovarian, fallopian, or primary peritoneal cancer between January 
2008 and December 2015 in four institutions meeting the requirements of the European 
Society of Gynaecological Oncology quality indicators from France and Spain. National and 
Institutional Review Board approval was obtained from our centres (SLN/MFI/AR193997 and 
HULP code PI-3432).
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2. Preoperative assessment, surgery principles and chemotherapy treatment
All patients underwent a preoperative imaging study including a computed tomography (CT) 
of the chest, abdomen and pelvis. In selected cases of extra-abdominal disease suspicion, a 
positron emission tomography (PET)/CT was performed. An exploratory laparoscopy was 
routinely performed at diagnosis to assess resectability and to obtain a histological diagnosis.

All surgical procedures were performed or supervised by experienced oncological surgeons. The 
surgical technique of CRS was performed following Surgarbaker principles of peritonectomy 
[24]. The extent and distribution of the disease throughout the 13 abdominopelvic regions were 
evaluated with the peritoneal cancer index (PCI) [25]. The surgical goal was to achieve complete 
cytoreduction, evaluated using the Completeness of Cytoreduction score (CC-0: no residual 
tumor; CC-1: residual disease less than 2.5 mm in diameter; CC-2: residual nodules between 2.5 
mm and 2.5 cm; and CC-3 residual nodules greater than 2.5 cm or a confluence of unresectable 
disease) [25]. Hysterectomy and bilateral salpingo-oophorectomy, infragastric omentectomy 
and pelvic plus paraaortic lymphadenectomy were the procedures systematically performed 
during CRS. However, some patients referred from external hospitals had already undergone 
uni- or bilateral salpingo-oophorectomy with or without hysterectomy at diagnosis. Moreover, 
as the study period preceded the LION trial [26], lymphadenectomy could be spared only in 
some selected patients without lymph node involvement at diagnosis to decrease operative 
time and surgical morbidity. The Aletti score was used to quantify surgical complexity with a 
cut-off value ≥8 being considered as high complexity [27]. Postoperative complications were 
documented according to the Clavien-Dindo classification [28].

Patients with deep infiltration of the small bowel mesentery, diffuse carcinomatosis involving 
large parts of the small bowel, stomach, infiltration of the duodenum or pancreas (not limited to 
the pancreatic tail) were considered non-resectable and were selected for primary chemotherapy. 
NACT was also indicated in patients unfit to withstand multivisceral resection due to medical 
co-morbidities or poor performance status, or when too extensive surgery was needed to achieve 
complete cytoreduction. After three or four cycles of platinum and taxane-based chemotherapy, 
a clinical, biological and imaging evaluation by thoraco-abdomino-pelvic CT or PET/CT was 
performed. In the event of poor response or bad performance status, three additional cycles of 
NACT were administered before IDS. In selected patients with stable disease on CT after NACT, 
an exploratory laparoscopy was performed before IDS to assess resectability.

Adjuvant chemotherapy was delivered, when feasible, within one or two months after CRS 
with carboplatin and paclitaxel until a total of six cycles had been completed. In the event of 
high tumor burden, CC-1 or poor response to NACT, antiangiogenic maintenance treatment 
with bevacizumab was added after discussion by the tumor board. When surgery was 
performed after 6 cycles of NACT, two to three additional cycles of chemotherapy were added 
to the antiangiogenic maintenance treatment with bevacizumab. No maintenance treatment 
with poly(adenosine diphosphate–ribose) polymerase (PARP) inhibitors was administered 
during the study period.

Patients with residual disease ≥2.5 mm (≥CC-2) and patients with non-epithelial subtype 
histology or borderline tumors were excluded from the study.

3. Study data
Medical databases were carefully examined to collect all relevant information. Patient 
demographic data, World Health Organization (WHO) performance status, cancer 
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antigen-125 (CA-125) dosage, ascites at diagnosis, NACT, PCI scores recorded during CRS, 
surgical procedures, surgical complexity according to Aletti score, histologic data, adjuvant 
treatment and follow-up data were retrieved from medical records.

Patients were classified in 3 groups according to the surgical timing: upfront surgery and 6 
cycles of adjuvant chemotherapy (PDS group), IDS after 3–4 cycles of NACT and 2–3 cycles of 
adjuvant chemotherapy to achieve a total of 6 cycles (early IDS group), and delayed debulking 
surgery (DDS) after 6 cycles of NACT (DDS group). The latter group included patients 
undergoing delayed IDS after 6 cycles of NACT and receiving 2 additional cycles of adjuvant 
chemotherapy due to poor response to NACT, and patients undergoing closure debulking 
surgery after 6 cycles of NACT without adjuvant chemotherapy.

4. Statistical analysis
Data were summarised by frequency and percentage for categorical variables and by median and 
range for continuous variables. Comparisons between groups were performed using the χ2 or 
Fisher's exact test for categorical variables and the Kruskal-Wallis test for continuous variables. 
Overall survival (OS) was defined as the time from diagnosis until death from any cause or 
last follow-up news (censored data) and was estimated using the Kaplan-Meier method. 
Comparisons between groups were performed using the Logrank test. The Cox proportional 
hazards model was used to perform multivariable analysis and to estimate hazard ratio (HR) 
and adjusted hazard ratios (HRadj) with their 95% confidence interval (95% CI). All statistical 
tests were two-sided and p-values <0.05 were considered statistically significant. Statistical 
analyses were conducted using STATA 16 (StataCorp, College Station, TX, USA) software.

RESULTS

During the study period, 549 patients met the inclusion criteria (Fig. S1). Among them, 175 
patients (31.9%) had upfront surgery, 224 (40.8%) underwent early IDS, and 150 (27.3%) 
had DDS. Within patients undergoing DDS, 106 had a delayed IDS and 44 underwent closure 
debulking surgery. Baseline characteristics of the three subgroups are shown in Table 1. 
Patients in the PDS group were significantly younger than those in the early IDS and DDS 
groups and they had a significantly better performance status. CA-125 was significantly 
higher with the increasing number of cycles of NACT. In the PDS group, there was a higher 
proportion of patients with stage IIIC disease and non-serous histology, and ascites at 
diagnosis was significantly lower.

All surgical data is displayed in Table 2. Median PCI at CRS was 11.5, 10 and 7 in the PDS, 
early IDS and DDS groups, respectively (p<0.001). Regarding surgical procedures, patients 
who received PDS had significantly more large bowel resections than patients who received 
debulking surgery either after 3–4 or 6 cycles of NACT. Women undergoing DDS had fewer 
diaphragm stripping and extended peritonectomies compared to patients after PDS or early 
IDS. The proportion of patients undergoing a CRS with an Aletti score ≥8 progressively 
decreased in the PDS, early IDS and DDS groups (p=0.006).

The overall rate of major surgical complications (grade III–V) according to the Clavien-Dindo 
classification was higher after PDS (28.6%, 50/175) than after IDS at 3-4 cycles of NACT (23.2%, 
52/224) or after DDS (14.0%, 21/150) (p=0.007). Table S1 shows the overall postoperative 
complications in the 3 groups. However, among women with a high Aletti score, the major 
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surgical complication rate was not significantly different between the three groups: 35.8% 
(34/95) after PDS, 31.3% (31/99) after early IDS, and 18.2% (10/55) after DDS (p=0.073). 
Furthermore, among patients with a low Aletti score, the rate of major surgical complications 
was not significantly different in the three groups: 20.0% (16/80) for PDS, 16.8% (21/125) for 
early IDS and 11.6% (11/96) for DDS (p=0.302). Postoperative mortality rates were 1.1% (2/175) 
after PDS, 2.2% (5/224) after early IDS, and 2.0% (3/150) after DDS (p=0.723).

Median follow-up was 63.5 months (95% CI=59.6–70.5) in the PDS group, 62.6 months (95% 
CI=57.0–69.7) in the early IDS group, and 83.0 months (95% CI=68.1–90.1) in the DDS group. 
Median OS after PDS, IDS at 3–4 cycles and DDS groups were 84.0 months (95% CI=68.3–
111.0), 50.7 months (95% CI=44.6–59.5) and 47.5 months (95% CI=39.3–52.9), respectively 
(p<0.001), without significant differences between the 2 groups of NACT (p=0.525). Among 
patients undergoing DDS, there was no survival difference between patients undergoing 
delayed IDS (median OS=47.5 months; 95% CI=39.3–52.4) and patients undergoing closure 
debulking surgery (median OS=51.8 months; 95% CI=25.9–104.9; p=0.612).

In multivariable analysis, the number of cycles of NACT (early IDS: HR=1.61; 95% CI=1.18–
2.20; p=0.003 and DDS: HR=1.88; 95% CI=1.35–2.62; p<0.001, respectively), PCI >10 
(HR=1.37; 95% CI=1.04–1.81; p=0.027), and Aletti score ≥8 (HR=1.36; 95% CI=1.03–1.79; 
p=0.028) were significantly associated with worse OS, while age (HR=1.01; 95% CI=1.00–
1.02; p=0.082), WHO performance status ≥1 (HR=1.06; 95% CI=0.82–1.37; p=0.658), non-
serous histological subtype (HR=1.33; 95% CI=0.90–1.96; p=0.157), International Federation 
of Gynaecology and Obstetrics (FIGO) stage IV (HR=0.95; 95% CI=0.69–1.31; p=0.772), 
CC-1 (HR=1.34; 95% CI=0.96–1.88; p=0.082), and maintenance treatment with bevacizumab 
(HR=0.93; 95% CI=0.68–1.29; p=0.673) were not significantly associated with OS.

Table 3 shows OS according to surgical timing and surgical complexity measured with the 
Aletti score. In women with an Aletti score ≥8, median OS at PDS, early IDS and DDS was 
80.5, 42.4, and 45.8 months (p=0.014), respectively; and in women with an Aletti score <8, 
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Table 1. Baseline characteristics of patients.
Characteristics PDS (n=175) Early IDS (n=224) DDS (n=150) p-value
Age (yr) 58 (22–88) 62 (21–82) 63 (36–88) 0.010
BMI (kg/m2) 24.2 (16.5–44.1) 24.0 (15.6–52.0) 24.6 (15.6–43.9) 0.484

Missing 7 2 11
WHO performance status classification <0.001

0 137 (79.2) 122 (56.2) 96 (65.3)
1 32 (18.5) 83 (38.2) 44 (29.9)
≥2 4 (2.3) 12 (5.5) 7 (4.8)
Missing 2 7 3

CA-125 (UI/mL) at diagnosis 463 (7–23,762) 800 (11–42,956) 1,000 (5–86,000) <0.001
Missing 24 15 13

FIGO stage 0.002
IIIC 158 (90.3) 176 (78.6) 115 (76.7)
IV 17 (9.7) 48 (21.4) 35 (23.3)

Histological subtype <0.001
Serous 140 (80.0) 207 (93.2) 142 (95.3)
Non-serous 35 (20.0) 15 (6.8) 7 (4.7)
Missing 0 2

Ascites (liter) at diagnosis) 0.1 (0–7) 1 (0–10) 1 (0–8) <0.001
Missing 15 29 24

Values are presented as median (range) or number of patients (%). Bold-faced p-values indicate statistical significance.
BMI, body mass index; CA-125, cancer antigen-125; DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; FIGO, International Federation of 
Gynaecology and Obstetrics; PDS, primary debulking surgery; WHO, World Health Organization.



median OS was 106.6, 56.7, and 47.5 months (p=0.013), respectively. No significant differences 
between the 2 groups of NACT were observed. In both subsets of patients with an Aletti score 
<8 and an Aletti score ≥8, the risk of death was increased after early IDS or DDS compared to 
upfront surgery. The hazard ratios for death with an Aletti score <8 increased progressively 
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Table 2. Surgical data of patients
Variables PDS (n=175) Early IDS (n=224) DDS (n=150) p-value
PCI 11.5 (2–33) 10 (0–39) 7 (0–31) <0.001

Missing 3 1 2
PCI <0.001

PCI ≤10 76 (44.2) 112 (50.2) 99 (66.9)
PCI >10 96 (55.8) 111 (49.8) 49 (33.1)
Missing 3 1 2

Surgical procedures
Hysterectomy 167 (95.4) 203 (90.6) 121 (80.7) <0.001
Unilateral or bilateral salpingoophorectomy 164 (93.7) 210 (93.8) 128 (85.3) 0.007
Pelvic lymphadenectomy 158 (90.3) 205 (91.5) 132 (88.0) 0.533
Aortic lymphadenectomy 158 (90.3) 201 (89.7) 129 (86.0) 0.412
Infragastric omentectomy 173 (98.9) 222 (99.1) 145 (96.7) 0.212
Small bowel resection 20 (11.4) 14 (6.3) 10 (6.7) 0.130
Large bowel resection 96 (54.9) 81 (36.2) 48 (32.0) <0.001
If large bowel resection, rectosigmoid resection (n=225) 86 (89.6) 73 (90.1) 45 (93.8) 0.798
Multiple bowel resection 19 (10.9) 19 (8.5) 10 (6.7) 0.405
Appendectomy 93 (53.1) 111 (49.6) 74 (49.3) 0.724
Right diaphragm stripping 108 (61.7) 150 (67.0) 69 (46.0) <0.001
Left diaphragm stripping 56 (32.0) 78 (34.8) 29 (19.3) 0.004
If diaphragm stripping, diaphragm resection (n=330) 31 (28.7) 26 (17.1) 15 (21.4) 0.083
Atypical hepatic resection 4 (2.3) 6 (2.7) 5 (3.3) 0.895
Cholecystectomy 20 (11.4) 19 (8.5) 6 (4.0) 0.051
Celiac lymph node resection 24 (13.7) 29 (12.9) 12 (8.0) 0.226
Splenectomy 43 (24.6) 53 (23.7) 31 (20.7) 0.687
Distal pancreatectomy 6 (3.4) 14 (6.3) 11 (7.3) 0.277
Partial gastrectomy 5 (2.9) 4 (1.8) 2 (1.3) 0.689
Extended peritonectomy 89 (50.9) 117 (52.2) 50 (33.3) <0.001
Glissonectomy 15 (9.5) 16 (8.3) 15 (12.7) 0.447
Mesentery or bowel vaporisation 39 (22.3) 59 (26.3) 27 (18.0) 0.166
Partial abdominal wall resection 15 (8.6) 53 (23.7) 32 (21.3) <0.001
Partial cystectomy or ureteral resection 4 (2.3) 2 (0.9) 2 (1.3) 0.509
Cardiophrenic lymph node resection 1 (0.6) 3 (1.3) 6 (4.0) 0.085
Inguinal lymph node resection 4 (2.3) 7 (3.1) 2 (1.3) 0.562
Axillary lymph node resection 0 (0) 1 (0.4) 1 (0.7) 0.739

CC-score 0.567
CC-0 157 (89.7) 195 (87.1) 129 (86.0)
CC-1 18 (10.3) 29 (12.9) 21 (14.0)

Aletti score 0.006
<8 80 (45.7) 125 (55.8) 95 (63.3)
≥8 95 (54.3) 99 (44.2) 55 (36.7)

HIPEC 0.001
No 174 (99.4) 223 (99.6) 142 (94.7)
Yes 1 (0.6) 1 (0.4) 8 (5.3)

IP chemotherapy <0.001
No 156 (89.1) 224 (100) 150 (100)
Yes 19 (10.9) 0 (0) 0 (0)

Bevacizumab <0.001
No 143 (81.7) 164 (73.2) 135 (90.0)
Yes 32 (18.3) 60 (26.8) 15 (10.0)

Values are presented as median (range) or number of patients (%). Bold-faced p-values indicate statistical significance.
CC-score, Completeness of Cytoreduction score; DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; Extended peritonectomy, peritonectomy 
of more than three abdominal regions; HIPEC, hyperthermic intraperitoneal chemotherapy; IP, intraperitoneal; PCI, peritoneal cancer index; PDS, primary debulking 
surgery; PH, porta hepatis; Partial abdominal wall resection, partial resection of anterior abdominal wall sheath, omphalectomy or port site resection.



with the increasing number of cycles. Fig. 1 shows OS curves of PDS, early IDS and DDS in the 
subset of patients with an Aletti score <8 and ≥ 8.

Table 4 shows OS according to surgical timing and tumor burden assessed by PCI. In 
women with PCI >10, median OS at PDS, early IDS and DDS was 67.4, 53.6, and 31.4 months 
(p<0.001), respectively. The difference was significant between early IDS and DDS (p=0.002) 
but not between PDS and early IDS (p=0.406). In women with PCI ≤10, median OS was 106.6, 
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Table 3. Analysis of OS according to surgical timing and Aletti surgical complexity score
Aletti score PDS Early IDS DDS
Aletti <8

Median OS (95%CI) (mo) 106.6 (68.0–NR) 56.7 (48.0–80.7) 47.5 (39.3–65.8)
HR (95% CI) 1.00 (ref.) 1.69 (1.08–2.66) 1.96 (1.24–3.10)
HRadj (95% CI) 1.00 (ref.) 1.79 (1.13–2.86) 2.14 (1.32–3.46)

Aletti ≥8
Median OS (95% CI) (mo) 80.5 (50.5–86.1) 42.4 (36.2–56.8) 45.8 (22.8–52.9)
HR (95% CI) 1.00 (ref.) 1.70 (1.15–2.53) 1.69 (1.08–2.62)
HRadj (95% CI) 1.00 (ref.) 1.66 (1.11–2.47) 1.76 (1.12–2.78)

Bold-faced p-values indicate statistical significance.
CI, confidence interval; DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; HR, hazard ratio; HRadj, adjusted hazard ratio for age, 
International Federation of Gynaecology and Obstetrics stage, peritoneal cancer index score and Completeness of Cytoreduction score; NR, not reached; OS, 
overall survival; PDS, primary debulking surgery.
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Fig. 1. OS according to surgical timing in patients with an Aletti score <8 (A) and an Aletti score ≥8 (B). 
DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; OS, overall survival; PDS, primary debulking surgery.

Table 4. Analysis of OS according to surgical timing and PCI
PCI PDS Early IDS DDS
PCI ≤10

Median OS (95% CI) (mo) 106.6 (80.8–NR) 49.2 (43.7–62.0) 52.9 (46.0–91.9)
HR (95% CI) 1.00 (ref.) 2.57 (1.56–4.23) 2.09 (1.26–3.46)
HRadj (95% CI) 1.00 (ref.) 2.55 (1.53–4.26) 2.06 (1.23–3.46)

PCI >10
Median OS (95% CI) (mo) 67.4 (44.7–86.1) 53.6 (40.0–76.6) 31.4 (19.8–43.9)
HR (95% CI) 1.00 (ref.) 1.17 (0.80–1.71) 2.16 (1.42–3.29)
HRadj (95% CI) 1.00 (ref.) 1.23 (0.84–1.80) 2.07 (1.36–3.17)

Bold-faced p-values indicate statistical significance.
CI, confidence interval; DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; HR, hazard ratio; HRadj, adjusted hazard ratio for age, 
International Federation of Gynaecology and Obstetrics stage, Aletti score and Completeness of Cytoreduction score; NR, not reached; OS, overall survival; PCI, 
peritoneal cancer index; PDS, primary debulking surgery.



49.2, and 52.9 months (p<0.001), respectively. No significant differences were observed 
between the two groups of NACT in this subset of patients. Among patients with PCI ≤10, the 
risk of death was increased after debulking surgery, either after 3–4 or 6 cycles of NACT when 
compared to PDS. Among patients with PCI >10, the risk of death was higher after DDS, but 
early IDS did not yield an increased risk of death. Fig. 2 displays OS curves of PDS, early IDS 
and DDS in the subset of patients with a PCI ≤10 and >10.

DISCUSSION

We found a survival benefit of upfront surgery over NACT, with an additional 33 months of 
OS in patients undergoing PDS compared with patients undergoing early IDS or DDS. Our 
findings are concordant with several previous reports showing that upfront cytoreduction 
offers a survival benefit over IDS [4,5,29,30]. Hypothetically, delaying CRS after NACT 
promotes the selection of chemoresistant tumor cells, as the probability of developing 
chemoresistance increases with the increasing number of tumor cells. Therefore, even if 
IDS were to remove all macroscopic disease, the remaining microscopic residual tumor 
might have a reduced chemosensitivity [31]. In fact, Petrillo et al. demonstrated a worse 
disease behavior in terms of timing, pattern, and type of recurrence in patients undergoing 
IDS compared to patients treated with PDS, as patients treated with NACT more frequently 
presented platinum-resistant recurrences, carcinomatosis and a shorter platinum-free 
interval. These findings suggest that upfront surgery reduces the probability of development 
of resistant tumor clones [32]. However, due to the retrospective design of our series, 
patients in the PDS group might have had a better baseline prognosis as they were not 
selected for NACT, so this may have contributed to their improved survival.

Classically, when NACT is indicated, IDS is scheduled after three or four cycles of 
chemotherapy. However, some reports have assessed the impact of late IDS performed after 
more than four cycles of NACT [11-14]. In our study, there were no significant differences 
in survival between IDS at 3–4 cycles or at 6 cycles of NACT. Yoneoka et al. [11] found that 
in patients with non-resectable disease after three cycles of NACT, delivering 3 additional 
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Fig. 2. OS according to surgical timing in patients with PCI ≤10 (A) and PCI >10 (B). 
DDS, delayed debulking surgery; Early IDS, early interval debulking surgery; OS, overall survival; PCI, peritoneal cancer index; PDS, primary debulking surgery.



cycles before CRS offered a similar survival to that of patients undergoing IDS after 3 cycles 
of NACT. Similarly, Stoeckle et al. [14] found that survival of late IDS was not worse than with 
early IDS, and that the rate of complete cytoreduction was higher in patients undergoing 
late IDS. Other studies reported similar survival rates between patients receiving ≤4 or ≥5 
cycles of NACT before IDS [12,13]. Our findings contrast with those of Colombo et al. [15], 
whose patients undergoing complete IDS after more than 4 cycles of NACT had a poorer 
prognosis. Xu et al. [16] reported an impaired oncological outcome of patients undergoing 5 
or more cycles of NACT and they recommended not exceeding 4 cycles of NACT before IDS. 
A previous meta-analysis suggested that there is a gradual development of chemoresistant 
disease with the cumulative number of NACT cycles. However, most studies included patients 
undergoing suboptimal surgeries [5]. In contrast, our findings in the overall cohort suggest 
that when chemoresistant tumor cells have been selected by NACT, additional cycles do not 
impact survival. Another explanation could be that only patients with minimal or no residual 
disease were included in the present series.

In our study, surgical radicality was higher in women undergoing upfront surgery (54%) 
and decreased with the increasing number of cycles of NACT. The proportion of patients 
with an Aletti score ≥8 was 44% after IDS at 3–4 cycles and 37% after 6 cycles, although 
the difference was not significant. Surgical procedures such as diaphragmatic stripping, 
extended peritonectomy and large bowel resection were more frequent at PDS. This is 
concordant with previous studies as NACT is often associated with less extended surgical 
procedures and lower surgical morbi-mortality [8,10]. In a previous study, we showed that 
high surgical complexity according to the Aletti score was independently associated with 
a decreased disease-free survival [6]. In the present study, median OS decreased with the 
increasing number of NACT cycles in patients with an Aletti score <8. The difference in 
median OS between PDS and early or delayed IDS among patients with an Aletti score <8 
was 50 and almost 60 months, respectively. In patients undergoing more radical surgeries 
(Aletti score ≥8), the benefit of PDS over early or delayed IDS was lower (38 and 35 months, 
respectively). In other words, the negative impact of a high Aletti score decreased with NACT. 
The difference in median OS between Aletti ≥8 and Aletti <8 after PDS was 26 months, while 
this difference was about 14 and less than 2 months after early and delayed IDS, respectively.

Little is known regarding the effect of radical surgery on the survival benefit offered by 
upfront surgery. Our results contrast with a previous study which did not show a significantly 
different prognostic outcome between patients receiving radical or simple upfront surgical 
procedures [21]. This contradiction may be explained by different definitions of radical 
surgery, as in the current study we assessed surgical complexity with Aletti score, which 
includes different items to define radical surgery [27]. Extended peritoneal disease requiring 
ultraradical procedures probably has an adverse tumor biology and surgical efforts may not 
completely overcome this deleterious effect [33]. Even if the benefit of PDS is impaired by 
high surgical radicality, we still found a survival advantage of upfront surgery with complete 
cytoreduction over IDS of almost 40 months in these patients. PDS should remain the 
mainstay of surgical treatment, even when complex procedures are required to achieve 
microscopic or no residual tumor.

Concordantly with previous reports, we found that NACT was associated with lower 
morbidity, 29% after PDS versus 23% after early IDS and 14% after DDS [7,8]. However, 
among patients with high surgical complexity, the rate of major surgical complications was 
not associated with NACT.
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No residual tumor is widely recognized as the most powerful predictor of clinical outcome in 
advanced OC [2,34]. However, even in the event of complete cytoreduction, intraabdominal 
tumor burden still has a negative impact on survival [6,33]. Tentes et al. [35] demonstrated 
that PCI accurately reflects peritoneal spread and disease burden in advanced OC patients. 
Some studies have reported that PCI is an independent prognostic factor and that a cut-off 
value above 10 negatively impacts survival [6,35,36]. Moreover, in the subset of patients with 
no residual disease, high PCI scores remain associated with poor survival rates [6,37]. Even 
though the benefit of optimal cytoreduction has been shown to decrease with increasing 
tumor volume, there is still a significant survival benefit conferred by complete CRS in 
patients with high disease burden [33]. The impact of high tumor burden on survival 
according to the number of NACT cycles is unknown. To our knowledge, this is the first study 
to assess this issue.

In our study, median PCI score at CRS progressively decreased in PDS, early IDS and delayed 
IDS. The OS advantage of upfront CRS compared to NACT was enhanced in patients with 
low tumor burden. In this group, there was a survival difference of more than 50 months 
between upfront surgery and the NACT groups. In addition, our results concordantly showed 
that among patients with high disease burden, there was no survival difference between PDS 
and early IDS. Our findings are concordant with the recent randomised SCORPION trial, 
which included only patients with high tumor load. It reported that PDS and NACT with 3–4 
cycles had superimposable survival outcomes in this subset of patients [18]. However, in our 
study, DDS after 6 cycles of NACT in patients with high PCI at CRS yielded the worst survival 
rates. Owing to the retrospective nature of our study, it is unclear whether the inferior clinical 
outcome of this subgroup was due to chemoresistance induced by additional cycles of NACT 
or to the selection of patients with a poorer prognosis who were not considered good surgical 
candidates after 3–4 cycles of NACT. In addition, among the patients who underwent DDS, 
there was no survival difference between those who had delayed IDS and those undergoing 
closure debulking surgery. It is unclear whether adjuvant chemotherapy after DDS did 
not improve clinical outcome or if patients receiving adjuvant chemotherapy had a worse 
prognosis due to the poor response to NACT.

The strengths of our study include a large homogeneous cohort with more than 500 patients 
with minimal or no residual disease after CRS and a long-term follow-up. Surgical complexity 
and tumor load were assessed using validated and objective systems such as the Aletti score 
and PCI [25,27]. The main weakness of the study is its retrospective design with the intrinsic 
risk of selection bias. As NACT was indicated in medically non-operable patients or in 
case of non-resectable carcinomatosis, patients with more extended disease were probably 
included in early IDS and DDS groups, which might have influenced our results. Another 
important limitation is that PCI was collected at CRS instead of at diagnosis, which would 
have allowed a more reliable comparison of tumor load between the 3 groups. Unfortunately, 
although our patients systematically underwent laparoscopy at diagnosis, PCI at this surgery 
was not available in the surgical report for most patients. The unexpected and uncontrolled 
significant differences in the baseline characteristics between the three groups could have 
influenced these findings. The role of early and delayed IDS according to surgical complexity 
and disease burden needs to be confirmed in prospective multicentric studies.

In conclusion, PDS is associated with higher survival rates than early or delayed IDS. The 
survival benefit of PDS over NACT is higher in women requiring less complex surgeries, 
even if radical upfront procedures are still associated with a survival advantage over NACT. 
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Similarly, low tumor load at CRS enhances the survival benefit of PDS over early or delayed 
IDS. In patients with high tumor load, delayed IDS yields impairs the oncological outcome.
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