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The optimal time for surgery in women with 
serous ovarian cancer

Background: Advanced high-grade serous ovarian carcinoma (HGSC) is commonly 
treated with surgery and chemotherapy. We investigated the survival of patients 
treated with primary or interval surgery at different times following neoadjuvant 
chemo therapy. Their survival was compared with that of patients treated with pri-
mary cytoreductive surgery and adjuvant chemotherapy.

Methods: Patients with stage III or IV HGSC were included in this retrospective 
cohort study. Clinical data were obtained from patient records. Patients were divided 
into 2 groups based on treatment with neoadjuvant chemotherapy and interval cyto-
reductive surgery (NAC) or with primary cytoreductive surgery and adjuvant chemo-
therapy (PCS). Study groups were stratified by several clinical variables.

Results: We included 334 patients in our study: 156 in the NAC and 178 in the PCS 
groups. Survival of patients in the NAC group was independent of when they under-
went interval cytoreductive surgery following initiation of neoadjuvant chemotherapy 
(p < 0.001). Optimal surgical cytoreduction had no impact on overall survival in the 
NAC group (p < 0.001). Optimal cytoreduction (p < 0.001) and platinum sensitivity 
(p < 0.001) were independent predictors of improved survival in the PCS but not in 
the NAC group. Patients in the NAC group had significantly worse overall survival 
than those in the PCS group (31.6 v. 61.3 mo, p < 0.001).

Conclusion: Women with advanced HGSC who underwent PCS had better survival 
than those who underwent interval NAC, regardless of the number of cycles of neo-
adjuvant therapy. Optimal cytoreduction did not provide a survival advantage in the 
NAC group.

Contexte  : La chirurgie et la chimiothérapie sont habituellement le traitement 
recommandé pour les carcinomes ovariens séreux bien différenciés de haut grade. 
Nous avons étudié le taux de survie de patientes ayant subi une chirurgie initiale ou 
d’intervalle à divers moments après une chimiothérapie néoadjuvante et l’avons com-
paré avec celui de patientes ayant subi une chirurgie de réduction tumorale initiale et 
une chimiothérapie adjuvante. 

Méthodes  : Cette étude de cohorte rétrospective a été menée auprès de patientes 
présentant un carcinome de stade III ou IV. Les données cliniques ont été tirées de 
leur dossier médical. Les patientes ont été séparées en 2 groupes : le premier était 
formé des patientes ayant subi une chimiothérapie néoadjuvante et une chirurgie de 
réduction tumorale d’intervalle (groupe NAC), et le deuxième de celles ayant subi une 
chirurgie de réduction tumorale initiale et une chimiothérapie adjuvante (groupe 
PCS). On a stratifié les 2 groupes à l’aide de plusieurs variables cliniques.

Résultats  : L’étude portait sur 334 patientes, soit 156 dans le groupe NAC et 178 
dans le groupe PCS. Dans le groupe NAC, aucune corrélation n’a été observée entre 
le taux de survie des patientes et le temps écoulé entre la chimiothérapie néoadjuvante 
et la chirurgie de réduction tumorale d’intervalle (p < 0,001). La réduction tumorale 
optimale n’a eu aucune incidence sur le taux de survie global des patientes du groupe 
NAC (p < 0,001). La réduction tumorale optimale (p < 0,001) et la sensibilité au 
platine (p < 0,001) ont été ciblés comme étant 2 prédicateurs indépendants d’un taux 
de survie accru chez les patientes du groupe PCS, mais pas chez celles du groupe 
NAC. Le taux de survie des patientes du groupe NAC était beaucoup plus faible que 
celui des patientes du groupe PCS (31,6 mo contre 61,3 mo, p < 0,001).
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E pithelial ovarian cancer is the most common cause of 
death from gynecologic malignancy.1 High-grade 
serous ovarian cancer (HGSC) is the most common 

type of epithelial ovarian cancer, representing 70% of all 
diagnosed tumours.2 Most ovarian cancers (70%) are diag-
nosed at an advanced stage of disease (Stage III/IV), and 
80%–90% of these advanced-stage tumours are HGSC.3 
As such, the 5-year overall survival rate for women with 
HGSC is approximately 44%.

The standard of care treatment for HGSC has essentially 
remained the same for the past 2 decades and includes a 
combination of surgical cytoreduction and  platinum-/ 
taxane-based adjuvant chemotherapy.4,5 However, despite 
aggressive surgery and chemotherapy, cure is rare for the 
majority of women with HGSC. Survival in these patients 
largely depends on the tumour sensitivity to platinum-based 
chemotherapy6,7 and the degree of surgical cytoreduction.8,9 
Even extensive surgeries leaving more than 1 cm of residual 
tumour have limited impact on survival.10–12 Since the ori-
ginal publication by Griffiths,9 which suggested an associa-
tion between the amount of residual disease and survival, the 
definition of “optimal” cytoreduction has been shifting from 
an initial definition of no single residual lesion measuring less 
than 2 cm in diameter to a definition of less than 1 cm and, 
most recently, to a definition of no macroscopic disease.13–15

As optimal surgical cytoreduction is one of the strongest 
predictors of outcome for patients with HGSC, many 
studies have investigated the use of neoadjuvant chemo-
therapy as an alternative treatment strategy to reduce 
tumour burden before surgery.16 There are several putative 
advantages of the neoadjuvant treatment strategy, includ-
ing less extensive surgery, reduced morbidity and increased 
optimal cytoreduction. Furthermore, it currently provides 
the only means to identify patients with platinum-resistant 
disease at presentation.17

Many studies suggest equivalent survival in patients 
receiving adjuvant versus neoadjuvant chemotherapy.18–28 
Notably, Vergote and colleagues20 reported the only phase 
III randomized controlled trial in which patients with 
advanced-stage HGSC were treated with either primary 
surgery and adjuvant platinum-based chemotherapy (PCS 
group) or neoadjuvant platinum-based chemotherapy fol-
lowed by interval cytoreductive surgery and additional adju-
vant chemotherapy (NAC group). Although patients in the 
NAC group had higher rates of optimal cytoreduction and 
fewer perioperative complications, this did not translate 
into improved survival. This trial was criticized by many for 

poor progression-free and overall survival rates in both 
study arms.29–31

Importantly, several studies addressing the use of pri-
mary surgery versus neoadjuvant chemotherapy indicated 
that patients in the NAC group have inferior overall sur-
vival than patients in the PCS group.32–34 Bristow and Chi16 
conducted a meta-analysis that suggested the number of 
neoadjuvant chemotherapy cycles before surgery was 
inversely proportional to the median overall survival. In 
addition, these authors demonstrated that although the dif-
ference in survival between the NAC and PCS groups did 
not reach statistical significance in previous studies, sur-
vival was often reduced by up to half in the NAC group.19

Hence, controversy remains about the use of neoadju-
vant chemotherapy as a first-line treatment in patients 
with HGSC. Surveys of members of the Society of Gyneco-
lologic Oncology35 and the European Society of Gynecologic 
Oncology36 suggest that 18% and 70% of gynecologic oncol-
ogists, respectively, routinely recommend neoadjuvant 
chemo therapy to their patients. Furthermore, the appropri-
ate number of neoadjuvant chemotherapy cycles that should 
be administered before interval cytoreductive surgery is sub-
ject to debate. Hence, a deeper understanding of the effect of 
the treatment strategy, post-treatment tumour biology and 
survival outcomes are required.

In this study, we examine the progression-free and over-
all survival of patients in the NAC group as compared with 
patients in the PCS group. The objective of this work was 
to study surgical factors, including the timing of surgery, in 
relation to the number of preoperative neoadjuvant chemo-
therapy cycles and the rate of optimal cytoreduction in the 
NAC and PCS groups. We aimed to analyze the impact of 
these factors on survival in women with HGSC.

Methods

Patient selection and clinical data

We included patients with Stage III or IV HGSC diag-
nosed between 2003 and 2011 in this retrospective cohort 
study. Clinical data were extracted from the patients’ 
health records and from a prospectively maintained institu-
tional database. Inclusion criteria consisted of a diagnosis of 
advanced-stage HGSC of mullerian origin. Patients were 
triaged to undergo primary cytoreductive surgery followed 
by adjuvant chemotherapy (PCS group) or to receive neo-
adjuvant chemotherapy with interval cytoreductive surgery 

Conclusion : Les femmes atteintes d’un carcinome ovarien séreux bien différencié de 
haut grade ayant subi une chirurgie de réduction tumorale initiale et une chimiothérapie 
adjuvante (PCS) ont affiché un taux de survie plus élevé que les patientes ayant 
subi une chimiothérapie néoadjuvante et une chirurgie de réduction tumorale 
d’intervalle (NAC), peu importe le nombre de cycles de chimiothérapie néoadju-
vante. La réduction tumorale optimale n’a pas été associée à un taux de survie plus 
élevé chez ces dernières.



RESEARCH

 Can J Surg, Vol. 59, No. 4, August 2016 225

(NAC group). Patients who underwent an “open and close” 
primary procedure were excluded from this analysis. In addi-
tion, patients who were identified as platinum- refractory fol-
lowing neoadjuvant chemotherapy treatment and those who 
did not undergo interval cytoreductive surgery were excluded 
from this study. This study was approved by the Research 
Ethics Board at Princess Margaret Cancer Centre, Univer-
sity Health Network, Toronto, Ont.

The decision regarding the treatment strategy depended 
solely on the treating gynecologic oncologist. The most 
common reasons for selecting the neoadjuvant treatment 
modality included substantial medical comorbidities, poor 
performance status, extent of disease on imaging, and pro-
longed wait time for surgery. In some instances, the specific 
reason for recommending neoadjuvant chemotherapy was 
clearly stated in the patient’s records; however, explicit treat-
ment reasoning was not identified for all patients. The 
ration ale for surgical timing depended on multiple variables, 
including results of interval imaging, such as the extent of 
upper abdominal disease, liver disease and thoracic disease.

Additional clinical data were collected to allow stratifica-
tion of patients based on age at diagnosis, the number of 
chemotherapy cycles administered and surgical cytoreduc-
tion status. We appreciate that optimal cytoreduction to no 
residual disease is now recognized as superior to residual dis-
ease of less than 1 cm; however, this information was not 
consistently included in the operative reports during the 
study period. Optimal cytoreduction to less than 1 cm resid-
ual disease was used in this analysis as this was the “gold 
standard” at the time when these patients were treated. 
These parameters were used to further stratify the neoadju-
vant and primary surgery groups and to control for the 
effects of confounding variables.

Statistical analyses

We used the Student t test to examine differences in the 
distributions of age and the number of cycles of primary 
platinum-based chemotherapy in the NAC and PCS 
groups. In addition, Fisher exact tests were used to compare 
rates of optimal cytoreduction and platinum sensitivity 
(defined as no disease recurrence or recurrence >  6  mo 
from last platinum-based treatment) between the 2 study 
groups. Log-rank (Mantel–Cox) tests were used to examine 
progression-free and overall survival, and Kaplan–Meier 
plots were generated. We performed all pairwise analyses 
using a Bonferroni multiple-comparisons correction. All 
analyses were performed using Graph Pad Prism 6 soft-
ware. We performed a Cox proportional hazard regression 
analysis of overall survival. Treatment, age at diagnosis, 
debulking status, sensitivity to platinum-based chemother-
apy and cycles of primary chemotherapy were included in 
univariate and multivariate analyses. We built the multi-
variable model using backward elimination, and only sig-
nificant predictors were kept in the model. The selected 

multivariable model included treatment, debulking status, 
and sensitivity to platinum-based chemotherapy, which was 
included in the model as a stratification factor.

Results

Characteristics of patients with HGSC typically 
treated with neoadjuvant chemotherapy

We included 398 patients with Stage III or IV HGSC in 
this study: 156 in the NAC group and 178 in the PCS 
group. Patients in the NAC group were treated with neo-
adjuvant chemotherapy and interval surgery, and those in 
the PSC group were treated with primary surgery fol-
lowed by adjuvant chemotherapy. Comparison of patient 
characteristics between these groups revealed no differ-
ence in tumour stage (Fig. 1A). Patients in the NAC 
group were older than patients in the PCS group (median 
age 60 v. 56, p = 0.025; Fig. 1B). All patient characteristics 
are described in Table 1.

As the volume of residual disease after surgery and the 
sensitivity to first-line platinum-based chemotherapy are 
the strongest known predictors of outcome in HGSC, 
these variables were compared in the 2 study groups. 
Patients treated with neoadjuvant chemotherapy were sig-
nificantly more likely to achieve optimal debulking to less 
than 1 cm of residual disease (80% in the NAC group v. 
68% in the PCS group, p = 0.008; Fig. 1C). Notably, 
patients in the NAC group were significantly more likely 
to demonstrate resistance to first-line platinum-based che-
motherapy (38% in the NAC group v. 20% in the PCS 
group, p < 0.001; Fig. 1D).

Survival of patients with HGSC treated with 
neoadjuvant chemotherapy

Overall survival of patients with HGSC in the NAC 
group was compared with that of patients in the PCS 
group. Patients in the NAC group had a significantly 
worse overall survival than patients in the PCS group 
(Fig.  2A), with a median overall survival of 33.4 and 
69.5 months, respectively. This difference in survival was 
independent of the patients’ age (p < 0.001; Fig. 2B). Simi-
larly, analysis of progression-free survival showed worse 
outcomes in the NAC group than the PCS group, 
in dependent of age (Fig. 2C and D). The survival differ-
ence between the treatment groups remained significant 
after adjusting for confounding factors, including age, 
debulking status and sensitivity to platinum-based chemo-
therapy (Table 2 and Table 3).

Timing of surgery

In the NAC group, no significant difference in overall or 
progression-free survival was noted based on the number of 



RECHERCHE

226 J can chir, Vol. 59, No 4, août 2016 

neoadjuvant chemotherapy cycles given before interval 
cytoreductive surgery. Patients who received up to 3 cycles, 
4 cycles, or 5 or more cycles had a median overall survival of 
34.1, 32.7 and 34.2 months, respectively, as compared with 
the adjuvant group (p < 0.001, Fig. 3A). The same trend was 
observed in the analysis of  progression-free survival, with 
median progression-free survival of 14.1 (≤ 3 cycles), 13.7 
(4 cycles) and 20.5 months (≥ 5 cycles; Fig. 3B).

Effect of surgical cytoreduction

As optimal cytoreduction was more commonly achieved in 
the NAC group (Fig. 1C), we examined the impact of opti-
mal cytoreduction on survival. Optimal cytoreduction was an 
independent predictor of improved overall survival in the 
PCS group (p < 0.001, Fig. 4A), with a median survival of 
92.9 months versus 36 months in the PCS optimal and PCS 
suboptimal groups. In the NAC group, there was a trend 
toward improved survival if optimal cytoreduction was 

achieved; however, this didn’t reach statistical significance 
(p = 0.07). The median survival was 35.1 months in the NAC 
optimal group and 25.4 months in the NAC suboptimal 
group. When comparing all patients in the study who were 
optimally debulked, those who were pretreated with neo-
adjuvant chemotherapy had worse overall survival than 
patients who were chemotherapy -naive at the time of their 
surgery (35.1 mo v. 92.9 mo, p < 0.001). However, when 
comparing survival of study patients who underwent sub-
optimal cytoreduction, no significant difference was observed 
between the NAC and PCS groups (25.4 mo v. 36 mo, p = 
0.24). The same trends were observed in the analysis of 
 progression-free survival (Fig. 4B); however, all pairwise 
comparisons reached statistical significance.

Sensitivity to platinum-based chemotherapy

Notably, patients who were resistant to first-line 
 platinum-based chemotherapy demonstrated significantly 

Fig. 1. Comparison of clinical characteristics of patients with high-grade serous ovarian carcinoma (HGSC) treated with neoadjuvant 
chemotherapy and interval cytoreductive surgery (NAC) or primary cytoreductive surgery and adjuvant chemotherapy (PCS). (A) No 
significant difference in tumour stage was observed between the adjuvant and neoadjuvant groups. (B) Patients treated with neoad-
juvant chemotherapy were significantly older (Student t test, p = 0.004). (C) Significantly more patients in the neoadjuvant group 
were optimally debulked (< 1 cm residual disease) than in the adjuvant group (Fisher exact test, p = 0.025). (D) Patients treated with 
neoadjuvant chemotherapy are more likely to demonstrate resistance to first-line platinum-based chemotherapy (i.e., progress on 
therapy or recurrence within 6 mo of completion of first-line therapy, Fisher exact test, p = 0.001). N/S = nonsignificant.
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worse overall survival than platinum-sensitive patients in 
both the PCS and NAC groups (p < 0.001, Fig. 5A). In 
addition, there was no difference in the survival of 
 platinum-resistant patients in the PCS and NAC groups, 
with a median survival of 20.4 and 22.6 months, respect-
ively. Among platinum-sensitive patients, those in the 
NAC group demonstrated a reduced overall survival com-
pared with patients in the PCS group (p < 0.001), with a 
median survival of 45.2 versus 92.9 months, respectively. 
The same trends were observed when progression-free 
survival was assessed (Fig. 5B).

discussion

The primary treatment of women with newly diagnosed 
ovarian HGSC commonly includes a combination of sur-
gery and chemotherapy. The decision of whether to treat 
with upfront chemotherapy often rests with the treating 
physician. This study was conducted at the largest cancer 
centre in Canada. Given the open access health care sys-
tem in Canada, all women with ovarian cancer had access 

to care at our academic centre. While there are inherent 
biases in a retrospective study design, this study included 
all women with HGSC treated at our centre between 
2003 and 2011. All clinical charts were analyzed, and 
those who met the inclusion criteria were included in the 
analyses. We performed univariate and multivariate analy-
ses to control for potential confounders of survival.

To our knowledge, this study represents the largest retro-
spective analysis worldwide examining survival of patients 
with HGSC, the most common and most lethal form of 
ovarian carcinoma. In this large patient cohort, women in the 
NAC group had a significantly worse progression-free and 
overall survival than women in the PCS group. This finding 
was independent of the patients’ age at diagnosis.

The use of neoadjuvant chemotherapy as a treatment 
strategy for patients with HGSC was proposed as a means 
to reduce tumour burden before surgical cytoreduction, 
thereby increasing the ability to achieve optimal surgical 
cytoreduction with less extensive surgery and reduced mor-
bidity.16 The only phase III randomized controlled trial that 
compared patients treated with NAC or PCS showed equal 

Table 1. Demographic and clinical characteristics of patients

Characteristic

Group; no. (%)

p valueNAC, n = 156 PCS, n = 178

Stage 0.23

IIIa 8 (5) 8 (4)

IIIb 5 (3) 16 (9)

IIIc 115 (74) 132 (74)

IV 28 (18) 22 (12)

Age at diagnosis, yr 0.004

< 49 29 (19) 58 (32)

50–59 47 (30) 53 (30)

60–69 50 (32) 46 (26)

> 70 30 (19) 21 (12)

Debulking status 0.025

Optimal 124 (79) 122 (69)

Suboptimal 32 (21) 56 (31)

Sensitivity to platinum-based 
chemotherapy

0.001

Sensitive 97 (62) 141 (80)

Resistant 59 (38) 36 (20)

Unknown — 1 (0)

Cycles of neoadjuvant chemotherapy

0 — 178 (100)

3 48 (31) —

4 76 (49) —

≥ 5 32 (21) —

Cycles of primary chemotherapy < 0.001

< 5 10 (6) 14 (8)

6 53 (34) 128 (72)

7 38 (24) 9 (5)

8 33 (21) 14 (8)

> 9 19 (12) 9 (5)

Unknown 3 (2) 4 (2)
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survival between the 2 groups.20 Interestingly, despite the 
increased rate of optimal surgical cytoreduction reported in 
the neoadjuvant group, no concomitant increase in survival 
was observed. Other retrospective analyses have reported 
similar findings.18–28 By contrast, several studies have shown 

that patients treated with neoadjuvant chemotherapy have a 
worse survival than those treated with primary surgery.32–34 
Overall, controversy remains about the use of neoadjuvant 
chemotherapy as a first-line treatment strategy for women 
with newly diagnosed HGSC.

Fig. 2. Overall and progression-free survival of patients treated with neoadjuvant chemotherapy and interval cytoreductive surgery 
(NAC) compared with primary cytoreductive surgery and adjuvant chemotherapy (PCS). (A) Patients treated with neoadjuvant 
 chemotherapy followed by surgery have a significantly worse overall survival than patients treated with primary surgery and adju-
vant chemotherapy (p < 0.001). (B) The difference in overall survival was independent of the patients’ age at diagnosis (p < 0.001). 
(C)  Patients treated with neoadjuvant chemotherapy had a significantly worse progression-free survival measured by radiologic 
imaging (i.e., clinical recurrence) (p < 0.001). (D) The significant difference in progression-free survival is independent of the age of 
the patient at diagnosis. All statistics were calculated with a log-rank (Mantel–Cox) test.
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Table 2. Univariable and multivariable analysis of overall survival using Cox proportional hazards 
model

Univariate Multivariate

Variable Reference HR (95%CI) p value HR (95%CI) p value

Treatment: NAC PCS 2.56 (1.91–3.42) < 0.001 2.31 (1.70–3.13) < 0.001

Age at diagnosis > 50 yr  ≤ 50 yr 1.52 (1.09–2.11) 0.014 — —

Suboptimal debulking status Optimal 1.77 (1.30–2.40) < 0.001 1.58 (1.15–2.17) 0.005

Resistant to platinum-based 
chemotherapy

Sensitive — < 0.001* — —

Cycles of primary chemotherapy > 6  ≤ 6 1.92 (1.43–2.56) < 0.001 — —

CI = confidence interval, HR = hazard ratio; NAC = neoadjuvant chemotherapy and interval cytoreductive surgery; PCS = primary 
cytoreductive surgery and adjuvant chemotherapy.

*Log-rank test. Sensitivity to platinum-based chemotherapy has nonproportional hazard. It was included in the multivariate analysis as a 
stratification factor.
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One of the major concerns when giving neoadjuvant 
 chemotherapy is that the administration of an increasing 
number of neoadjuvant chemotherapy cycles could increase 
the likelihood of selection for platinum-resistant clones.13 
This viewpoint was largely driven by the meta-analysis by 
Bristow and Chi,16 which suggested a negative association 
between overall survival and the number of neoadjuvant 
 chemotherapy cycles administered. By contrast, in this 
cohort, the decreased survival of patients with HGSC in the 
NAC group was independent of the number of cycles 
administered before surgery. This discrepancy might be due 
to all patients in our study receiving  platinum-based neoadju-
vant chemotherapy, whereas the study by Bristow and Chi16 
included 16 different treatment combinations, which may 
account for the variable survival rates. Notably, our data sug-
gest that the putative selective effects of neoadjuvant chemo-
therapy are incurred early, with as few as 3 cycles of treat-
ment. Women receiving 3 or fewer cycles of neoadjuvant 
chemotherapy before interval surgery had equivalent survival 

to women receiving 4 cycles and to women receiving 5 or 
more cycles. The early clonal emergence hypothesis is sup-
ported by the observation that the most dramatic alteration 
in tumour bulk (measured by serum CA125 levels) is typ-
ically observed early in the course of treatment.37–39

Importantly, optimal surgical cytoreduction represents 
one of the strongest predictors of outcome in patients with 
HGSC treated with primary cytoreductive surgery.8,9 
Although previous reports have suggested that neoadjuvant 
chemotherapy improves the rate of optimal surgical cyto-
reduction, none have demonstrated that this translates into 
improved survival.20–22,28,32 In our study, women in the NAC 
group had a significantly higher rate of optimal cytoreduc-
tion than chemothereapy-naive patients undergoing primary 
cytoreduction. Yet, this did not confer a survival advantage. 
The lack of survival difference between optimally and sub-
optimally cytoreduced patients in the NAC group calls into 
question the accuracy of estimating the cytoreduction status 
after neoadjuvant chemotherapy. Notably, chemotherapy 

Table 3. Multivariable analysis of overall survival using Cox 
 proportional hazards model by adjusting all covariates

Multivariate analysis

Variable Reference HR (95%CI) p value

Treatment: NAC PCS 2.33 (1.66–3.28)  < 0.001

Age at diagnosis > 50 yr  ≤ 50 yr 1.12 (0.79–1.57) 0.53

Suboptimal debulking status Optimal 1.61 (1.14–2.26) 0.007

Resistant to platinum-based 
chemotherapy*

Sensitive — —

Cycles of primary chemotherapy > 6  ≤ 6 0.96 (0.69–1.34) 0.82

CI = confidence interval, HR = hazard ratio; NAC = neoadjuvant chemotherapy and interval 
cytoreductive surgery; PCS = primary cytoreductive surgery and adjuvant chemotherapy.

*Sensitivity to platinum-based chemotherapy has nonproportional hazard. It was included in the 
multivariate analysis as a stratification factor.

Fig. 3. Overall and progression-free survival stratified by the time to interval cytoreductive surgery. (A) Survival in the neoadjuvant group 
(NAC) was independent of the timing of surgery with respect to the number of cycles of neoadjuvant chemotherapy. Patients treated with 
neoadjuvant chemotherapy had a worse overall survival (p < 0.001), independent of whether they were treated with up to 3, 4, or 5 or more 
cycles before surgery (p = 0.92). (B) Patients treated with neoadjuvant chemotherapy had a significantly worse  progression-free survival 
independent of the timing of interval cytoreductive surgery with respect to the number of cycles of neoadjuvant chemotherapy received (p < 
0.001). All statistics were calculated with a log-rank (Mantel–Cox) test. PCS = primary cytoreductive surgery and adjuvant chemotherapy.
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can affect the gross morphologic appearance of tumour tissue 
and surgical planes, which could lead to anatomic variability 
and render the assessment of residual disease and optimal 
surgical excision  challenging.40

Finally, when stratifying patients by platinum sensitiv-
ity, the negative impact of neoadjuvant chemotherapy on sur-
vival is noted. It is well known that patients with  platinum- 
resistant disease have significantly worse survival.6,7 In this 
study, patients with platinum-sensitive disease had worse 
overall and progression-free survival when treated with neo-
adjuvant chemotherapy than with primary surgery. Import-
antly, these differences remained significant after adjusting 
for confounding factors, including age, debulking status and 
sensitivity to platinum-based  chemotherapy.

conclusion

Our data indicate that neoadjuvant chemotherapy is associ-
ated with inferior survival in patients with HGSC, independ-
ent of other prognostic factors. Women with advanced 

ovarian cancer who undergo neoadjuvant chemotherapy 
often undergo interval surgery at various points during 
their treatment. The variation in the timing of surgery 
depends on multiple factors, including patients’ medical 
conditions and surgical access. Importantly, this study dem-
onstrates that surgical factors, including the timing of sur-
gery and the rate of optimal cytoreduction, do not appear 
to add a survival advantage to women treated with neoadju-
vant chemotherapy.

Our study raises important questions: Does early expos-
ure to neoadjuvant chemotherapy provoke biologic and 
genetic changes in tumour cells that ultimately result in 
hastened platinum resistance? Is emergence of platinum 
resistance accelerated by the lack of true surgical cytoreduc-
tion in the neoadjuvant group? Given the increased adapta-
tion of neoadjuvant chemotherapy in the management of 
women with advanced ovarian carcinoma, it is essential to 
examine the factors that influence treatment response and 
survival in this patient population. Studying the molecular 
alterations associated with neoadjuvant chemotherapy is 

Fig. 4. Overall and progression-free survival of patients treated with neoadjuvant chemotherapy and interval cytoreductive surgery 
(NAC) or primary cytoreductive surgery and adjuvant chemotherapy (PCS) stratified by surgical cytoreduction status. (A) Optimal sur-
gical cytoreduction to less than 1 cm residual tumour had no significant impact on overall survival in the neoadjuvant group. In addi-
tion, within the suboptimally debulked group, neoadjuvant chemotherapy had no significant effect. However, within the optimal sub-
group, the neoadjuvant patients had a worse overall outcome (p < 0.001). Within the adjuvant group, patients who were optimally 
debulked had a significantly improved survival (p = 0.001). (B) Optimal surgical cytoredcution resulted in better progression-free sur-
vival in patients treated with neoadjuvant chemotherapy or primary surgical cytoreduction (p = 0.020 and p = 0.002, respectively). 
However, in the optimally and suboptimally surgically debulked groups, the patients who received neoadjuvant chemotherapy had a 
significantly worse progression-free survival (p < 0.001 for both comparisons). All statistics were calculated with a log-rank (Mantel–
Cox) test. Bonferroni corrections were applied for all multiple comparisons. N/S = nonsignificant.
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imperative and may lead to greater understanding of the 
impact of early chemotherapy exposure on survival in 
women with ovarian HGSC.
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