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ABSTRACT

Objective. The benefit of adjuvant chemotherapy for FIGO stage |, high-grade serous ovarian cancer
(HGSOC) after optimal staging is a matter of debate. We investigated the effect of adjuvant
chemotherapy on recurrence-free survival (RFS) and overall survival (OS) in a population-based cohort

study.

Methods. All patients diagnosed in the Netherlands between 2002-2014 with FIGO stage | HGSOC who
underwent surgical staging were included. Data on clinical characteristics, histopathology,
completeness of staging and survival were collected from the Netherlands Cancer Registry and Dutch
Pathology Registry. Recurrence data was collected from hospital files. We used Kaplan-Meier methods
to estimate RFS and OS and Cox-proportional hazard analyses to control for differences in baseline

characteristics between patients who did or did not receive chemotherapy.

Results. We identified 223 patients who underwent optimal staging procedures including lymph node
sampling. Events of disease recurrence occurred in 21 of the 101 patients (21%) who received adjuvant
chemotherapy and in 46 of the 122 patients (38%) who did not (multivariable hazard ratio (HR), 0.37;
95%Cl 0.22-0.64; p<0.01). Five-year RFS was 81% after staging plus chemotherapy and 59% after
staging only. At a median follow-up of 105 months, 21 patients (21%) in the chemotherapy group and
38 patients (31%) in the no-chemotherapy group had died (multivariable HR 0.50; 95%CI 0.28-0.89;

p=0.02). Ten-year OS was 78% with chemotherapy and 62% without chemotherapy.

Conclusions. Adjuvant chemotherapy improves long-term RFS and OS in patients with FIGO stage |

HGSOC after optimal staging.
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INTRODUCTION

Epithelial ovarian cancer (EOC) occurs yearly in approximately 205,000 women worldwide, causing
125,000 deaths. Only 30% of patients with EOC presents with localized or early stage disease (FIGO
stage I-lla). Although prognosis is relatively good for patients with early stage disease, approximately
10-30% of patients develops recurrent disease [1-3]. The development of recurrent disease in patients
with early stage EOC, is caused by the unnoticed presence of (micro)metastasis. Therefore, for all
patients without apparent metastasized disease, a surgical staging procedure is recommended. The
Gynecologic Oncology Group (GOG) and European Organisation for Research and Treatment of
Cancer (EORTC) formulated clear guidelines for early stage EOC [4, 5]. Optimal staging procedures
include bilateral oophorectomy, hysterectomy and omentectomy, and sampling of peritoneal fluid,

peritoneal surfaces, pelvic and para-aortic lymph nodes.

After staging surgery, adjuvant platinum-containing chemotherapy can be considered for patients with
early stage high-grade EOC. In the combined analyses of two large randomized controlled trials on early
stage EOC (ACTION and ICON1), a significant survival benefit and prolonged time-to-recurrence after
adjuvant chemotherapy was demonstrated [3, 6]. This analysis included patients with tumors of all
histological subtypes, and the majority of staging procedures was not optimal. High-grade histology was
shown to be an independent prognostic factor. In addition, patients with high-risk EOC, which was
defined as either high-grade or grade 2-3 histology with stage Ib-c, were demonstrated to benefit most
from adjuvant chemotherapy [3, 7]. In predefined subgroup analyses of patients who had optimal staging
procedures, no survival benefit was found with adjuvant chemotherapy, whereas a significant gain in
overall survival (OS) and recurrence-free survival (RFS) was observed after adjuvant chemotherapy in
patients who had non-optimal staging procedures [3]. However, tests to determine differences in survival
between staging subgroups and treatment effects, were not statistically different. Thus, patient with high-
grade tumors are considered to benefit from adjuvant chemotherapy, although the value of adjuvant
chemotherapy after optimal staging in these patients remains unclear. This leads to differences between
national and international guidelines with regard to the decision to administer adjuvant chemotherapy in

this specific group of patients.

In the present cohort study, we investigated the effect of adjuvant chemotherapy in patients with FIGO

stage | high-grade serous ovarian cancer (HGSOC) after optimal staging on RFS and OS.
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METHODS

Patient Selection

This observational study was performed with clinical data from the Netherlands Cancer Registry (NCR)
and hospital records, and histopathological data from the Dutch Pathology Registry (PALGA). All data
on patients with primary malignancies, diagnosed in the Netherlands since 1989, are documented within
the NCR, which is managed by the Netherlands Comprehensive Cancer Organization (IKNL). Quality
of NCR data is maintained by regular consistency checks and accuracy is considered at least 95% [8].
PALGA comprises a nationwide network in the Netherlands and registers all records of histopathology

and cytopathology with a full coverage since 1991 [9].

After approval from the privacy committee of both the NCR and PALGA, a database was set up by the
IKNL, comprising all patients with HGSOC FIGO stage |, diagnosed in the Netherlands between January
2002 and December 2014. Dates of death were retrieved from the municipal population register on 31st
of January 2018. The minimal follow-up duration was three years. Exclusion criteria were tumor of low
malignant potential, non-serous histology, low-grade carcinoma, ovarian metastasis of different primary
origin, neo-adjuvant chemotherapy and patients <17 years. Clinical data on age at diagnosis, date of
surgery and adjuvant chemotherapy were collected from the NCR. Histological subtype, tumor grade,
surgical FIGO stage and accuracy of staging procedures were thoroughly examined based on pathology
reports. Data on recurrences and data on death were collected from different sources. Information on
recurrent disease was retrieved from the hospital files. All cases were matched with histopathological
data from PALGA. All pathological reports were reviewed by one investigator of the research team. In
case of unspecified tumor grade or doubts regarding histological subtype or origin of recurrence, reports
were discussed with a gynecologic oncology-oriented pathologist. If pathological data were inconsistent
or inconclusive with regard to histological type, tumor grade or FIGO stage, patients were excluded from

the study.

Accuracy of staging procedures was analyzed and performance of the following procedures was
documented: hysterectomy, bilateral oophorectomy, infracolic omentectomy, peritoneal washing,

biopsies of peritoneal surfaces including pouch of Douglas, bladder, left and right pelvis, paracolic
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gutters and right diaphragm, and sampling of pelvic and para-aortic lymph nodes. Number of regions
that were sampled for lymph node assessment was documented as well as total number of resected
lymph nodes during sampling. Procedures were considered as optimal staging procedures if
hysterectomy, oophorectomy, omentectomy, =1 peritoneal biopsies, and sampling of 21 lymph nodes

was performed. Based on the surgical staging, FIGO stage was determined for all cases.

IKNL itemizes all patients with a unigue NCR-code. PALGA excerpts are anonymized and linkage of
histopathological data with the NCR is performed by a trusted third party. Anonymized data on
recurrences was collected retrospectively from the hospitals via an intermediate procedure of PALGA
and via IKNL. Researchers had no access to information that could possibly lead to patient identification.
Therefore, no patient informed consent and no additional approval of the Institutional Review Board was

required in the present study.

Statistical analysis

Data analysis was performed with IBM SPSS (Statistical Package for the Social Sciences) version 22.0
(SPSS Inc., Chicago, lllinois). Recurrence-free survival (RFS) was interpreted as the time elapsed
between date of surgical staging and recurrent disease or last follow-up. Recurrent disease was defined
as evidence of metastasis based on physical, biochemical, radiological, cytological or histological
examination. Overall survival (OS) was calculated as the time interval between primary diagnosis and
date of death or last follow-up. Different sources were used to retrieve data on recurrence and data on
death, which caused a difference in median follow-up time until recurrence and median follow-up time
until death. Disease-specific death was defined as death after recurrence. Disease-specific survival
(DSS) was calculated as the time between primary diagnosis and disease-specific death. Median RFS,
median OS and median DSS were not reached. Therefore, in our paper we reported five-year RFS
rates, and both five-year and ten-year OS and DSS rates. Kaplan-Meier survival curves and log-rank
tests were performed to assess the effects of adjuvant chemotherapy on survival in patients with FIGO
stage | disease. Patients who were lost to follow-up but without evidence of recurrent disease, were
right censored in the survival curves. Univariate logistic regression analyses were performed to identify

individual predictors of outcome in patients with FIGO stage | HGSOC. In multivariable logistic
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regression analyses, significant predictors age at diagnosis, FIGO stage at diagnosis and adjuvant

chemotherapy were included.

Subgroups analyses were performed to investigate the effect of chemotherapy in different subgroups.
Subgroups were created based on age, FIGO stage and number of resected lymph nodes during staging
surgery. In the first subgroup analysis, patients were categorized in either younger than 60 years or
older than 59 years. Next, we analyzed patients with different FIGO stages in which we dichotomized
patients in either FIGO stage la or FIGO Ib-Ic. For early stage EOC, the Dutch national guidelines
recommend optimal staging including sampling of at least ten lymph nodes [10]. Therefore, we analyzed
the impact of adjuvant chemotherapy in patients who had optimal staging with either <10 resected lymph
nodes or =210 resected lymph nodes. Cox proportional hazard analyses were performed for all

subgroups, adjusted for age and FIGO stage. P-values <0.05 were considered significant.

RESULTS

From January 2002 to December 2014, 393 patients with HGSOC stage | disease underwent a staging
procedure. Of the 393 patients with FIGO stage | HGSOC, 170 patients did not fulfill our criteria of
optimal staging. In 145 patients lymph node sampling was not performed, in 14 patients omentectomy
was omitted and in 66 patients no peritoneal biopsies were taken. In total 223 (57%) patients met the

criteria of optimal staging.

101 of 223 (45%) patients received adjuvant chemotherapy following optimal staging surgery. Figure 1
demonstrates the number of patients who underwent optimal staging and their adjuvant treatment per
year. Baseline characteristics of patients who underwent optimal staging, stratified by chemotherapy
treatment, can be found in Table 1. Age at diagnosis was similar in these groups. Chemotherapy was
more frequently administered in patients who had tumor positive ascites, capsule rupture or tumor
located on the ovarian surface (i.e. FIGO stage Ic). Percentage of patients who received adjuvant
chemotherapy for FIGO stage | HGSOC varied between topographic regions in the Netherlands from 8-
67%. This reflects the different regional guidelines that are used in the Netherlands regarding the

decision to administer adjuvant chemotherapy for this specific patient group.

Recurrence-free survival
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Total median follow-up (time-to-censoring) for RFS was 61 months (IQR 36-93) and was similar between
patients who had optimal staging followed by adjuvant chemotherapy and patients who had optimal
staging alone (Table 1). Recurrent disease occurred in 21 (21%) patients after optimal staging and
adjuvant chemotherapy with a median time-to-recurrence of 32 months (IQR 22-68), and in 46 (38%)
patients after 27 months (IQR 14-47) in those who had optimal staging alone (p<0.01). Patients who
received adjuvant chemotherapy showed a more favorable five-year RFS of 81%, compared with 59%
in patients who did not receive chemotherapy (Figure 2). After adjustment for FIGO stage, multivariable
analyses showed a significant RFS benefit of adjuvant chemotherapy (HR 0.37; 95%CI 0.22-0.64;

p<0.01; Table 2).

Overall survival

By January 31st 2018, after a median follow-up (time-to-censoring) of 105 months (IQR 71-142), 59
patients had died. 21 (36%) patients had received adjuvant chemotherapy and 38 (64%) were treated
with optimal staging alone. For patients who had received adjuvant chemotherapy five-year and ten-
year OS were 84% and 78% respectively, whereas a five-year and ten-year OS of 83% and 62% were
observed in patients who did not receive adjuvant chemotherapy after optimal staging (Figure 2).
Similarly, five-year DSS was 88% in patients who had staging followed by adjuvant chemotherapy and
88% after staging alone, whereas a ten-year DSS of 85% was observed in the chemotherapy group and
70% in the no-chemotherapy group (Figure 2). To investigate whether year of diagnosis was correlated
with OS, univariate analyses were performed (Table 2). Diagnosis between 2011 and 2014 was not
associated with improved survival compared with diagnosis between 2002 and 2006 (HR 1.05; 95% CI
0.50-2.24; p=0.89). After adjustment for age and FIGO stage, multivariable analyses showed a
significant OS benefit from adjuvant chemotherapy in patients who had optimal staging surgery (HR

0.50; 95% Cl 0.28-0.89; p=0.02) (Table 2).

Subgroup analyses

We analyzed the impact of adjuvant chemotherapy in different subgroups based on age, FIGO stage
and total number of resected lymph nodes during optimal staging surgery. Figure 3 demonstrates the
results of Cox-proportional hazard analyses of all subgroups in a forest plot. In summary, our subgroup
analyses showed that the survival benefit of adjuvant chemotherapy in FIGO stage | HGSOC, found in

the main cohort, are consistent among different categories of patients.
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DISCUSSION

After optimal staging surgery including lymph node sampling for early stage HGSOC, adjuvant
chemotherapy should be considered to minimize risk of recurrent disease and to increase OS. Until
now, no consensus has been reached on the benefit of adjuvant chemotherapy resulting in different
policies among different regions in the Netherlands. The present study shows that adjuvant
chemotherapy after optimal staging, significantly improves five-year RFS from 59% to 81% and ten-year

OS from 62% to 78%.

Various studies investigated the effect of adjuvant chemotherapy on survival for early stage EOC [3, 6,
11-13]. Although chemotherapy is considered most beneficial for patients with high-risk tumors,
including high-grade tumors and FIGO stage Ic-lla, the effect of chemotherapy after optimal staging
surgery in this specific group of patients has not been investigated thoroughly. In most studies, extent
of surgery has not been documented and different histological subtypes are included. The ACTION trial
is the largest randomized controlled trial reporting accuracy of staging procedures and the impact of
adjuvant chemotherapy on survival in early stage EOC [3]. In this study, the adjuvant chemotherapy arm
showed an 8% increase of five-year RFS, and 7% increase of five-year OS. However, predefined
subgroup analyses showed that the effect of chemotherapy was more pronounced in non-optimally
staged patients than in optimally staged patients. These differences were not observed in those who
underwent optimal staging. Ten-year follow-up data of the ACTION trial confirmed the overall results,
but tests to analyze subgroup differences did not reach statistically significance (Chi-square test 3.32,
p=0.07) [14]. A Cochrane meta-analysis, based on three studies, addressing the adequacy of surgical
staging and the impact of adjuvant chemotherapy on survival concluded that there is no survival benefit
of chemotherapy after optimal staging (five-year OS HR 1.22; 95%CI 0.63-2.37) [15]. However, patient
numbers in the included studies were small, with only a limited number of events. The ACTION trial
included a total of 151 optimally staged patients and reported only 17 deaths after a follow-up of 10
years. Therefore, reviewers emphasized that quality of evidence of these subgroup analyses is of very

low quality [15].

Our study showed a significant RFS and OS benefit of adjuvant chemotherapy after optimal staging. In

our study, a higher incidence of events occurred compared with the ACTION trial. This can be explained
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by the inclusion of low-grade carcinomas and other histologies such as mucinous and endometrioid
carcinomas in the ACTION trial, which are known to exhibit a more indolent behavior than HGSOC [16-
18]. Possibly, this explains the contradicting results of our study and the ACTION trial. In our study,
patients who received chemotherapy had FIGO stage Ic disease more frequently. Patients in the non-
chemotherapy group more often had FIGO stage la. Based on the FIGO stages, the chemotherapy
group had a higher chance of recurrent disease, compared to the non-chemotherapy group [1, 19, 20].
Still, patients who had chemotherapy showed a significant better recurrence rate and survival than those

who had no chemotherapy.

In optimally staged patients, five-year OS was similar between patients who had staging plus
chemotherapy and staging alone. In contrast, ten-year OS increased from 62% to 78% with the addition
of chemotherapy. Although a significant better five-year RFS was observed, no five-year OS survival
difference was seen. Similarly, these differences were observed when DSS was analyzed,
demonstrating that differences in OS were caused by EOC-relating deaths. Hypothetically,
chemotherapy-naive recurrences respond more efficiently to chemotherapeutic agents than recurrences
that occur after adjuvant chemotherapy. In various in vivo studies, differences between primary chemo-
naive EOC cells and cells of post-chemotherapy recurrent disease were analyzed [21-23]. In isolated
tumor cells which survived chemotherapy, changes in the proteome were demonstrated which enable
the tumor cells to resist cytotoxic effects of chemotherapeutic agents [21-23]. Presumably, early post-
chemotherapy recurrences, although less frequently occurring than early chemo-naive recurrences, are
more aggressive and less chemotherapy responsive, resulting in a similar overall prognosis within five

years.

Lymph node sampling is considered an important element of optimal staging. Nevertheless, lymph node
sampling is frequently omitted during staging procedures. In our study, we excluded 37% of patients,
because lymph node sampling was omitted during staging surgery. Previously, it has been concluded
that lack of intention to treat with chemotherapy irrespective of lymph node status is an important reason
to omit this procedure [24]. With respect to the extent of lymph node sampling, resection of at least ten
lymph nodes retrieved from pelvic and para-aortic regions, is recommended [10]. However, studies
demonstrating clear prognostic differences for this cut-off of ten lymph nodes are lacking. Kleppe et al.
investigated the impact of lymph node dissection for clinical early stage EOC [24]. In this retrospective

cohort study, an improved survival was found with resection of a minimum of 20 lymph nodes [24]. In
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subgroup analyses of the present study we analyzed whether survival differences were consistent within
subgroups, including patients who had resection of at least ten lymph nodes during staging. Although
patient cohorts were small, hazard ratios were similar among all subgroups and in favor for patients who

had received adjuvant chemotherapy.

A randomized clinical trial including only patients with HGSOC after optimal staging surgery, including
resection of at least 20 lymph nodes would answer all questions with a high level of evidence. However,
in the two large international multicenter randomized controlled trials in which these questions were
investigated, all histological subtypes were included and majority of staging surgeries were performed
incompletely, despite strong study recommendations regarding staging requirements. These two trials
had a long inclusion period of 8 [3] and 9 years [6], respectively. Thus, a new randomized trial evaluating
patients with HGSOC who had optimal staging surgery with adequate lymph node sampling, is virtually
unfeasible. Therefore, this large nationwide cohort study investigating the impact on OS and RFS of
adjuvant chemotherapy after optimal staging will add to the existing knowledge and will help to counsel

patients.

In the Netherlands, standard protocols regarding adjuvant chemotherapy for HGSOC differ between
clinics and according to the national guidelines adjuvant chemotherapy is optional for this group of
patients. Indeed, number of patients who were treated with adjuvant chemotherapy, differed between
regions in the Netherlands. This finding emphasizes that patients in our study were treated based on

regional protocols rather than on prognostic characteristics.

Limitations of our study are related to the retrospective design. Performance status, BRCA status, type
of chemotherapy, number of chemotherapy cycles and reasons to refrain from adjuvant chemotherapy
were unknown. In our study we adjusted outcomes for age and FIGO stage. However, due to the
observational design of the study, results may not have been sufficiently corrected for residual

confounding factors including performance status and co-morbidity.

Central pathology review of all tumors was not performed. However, all pathological reports were
scrutinized and, together with a dedicated gynecologic oncologic pathologist, histology and histological
tumor grade were confirmed. Besides, since 2010 the care for patients with EOC is centralized in
hospitals performing at least 20 cytoreductive surgeries for EOC annually, where expert review of the

pathology is part of the standard pre-operative work up.
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Type of chemotherapy, the number of cycles, and possible dose reductions were unknown in the present
study. EOC is generally treated with carboplatin and paclitaxel combination chemotherapy. Currently,
single-agent carboplatin is increasingly administered to patients with early stage EOC as the advantage
of combination therapy over single-agent carboplatin is considered low [7, 25], and negative side-effects
of paclitaxel are high [26, 27]. Paclitaxel and, to a lesser extent carboplatin, can cause peripheral
neuropathy leading to poorer health related quality of life [26, 27]. Furthermore, paclitaxel causes hair
loss, which is associated with increased distress and psychological impact [28]. To minimize toxicity
associated with paclitaxel, single-agent carboplatin, fewer courses, and the use of coldcap can be
considered. The Gynecologic Oncology Group (GOG 157) compared the recurrence rate of high-risk
FIGO stage I-1l EOC after either three or six cycles of carboplatin and paclitaxel, and evaluated which
patient would benefit most from more cycles of chemotherapy based on clinical and histological
characteristics [29-32]. For patients with high-risk serous FIGO stage I-Il, a significant improved RFS
was demonstrated with six cycles of combination chemotherapy, compared with three cycles. However,
six cycles of adjuvant chemotherapy was associated with increased toxicity. In our cohort, less toxic
schedules may have been administered to patients, for example to patient older (or fragile) patients or
patients with extensive comorbidity. The standard chemotherapy regimens during our study period,
based on the national guideline, consisted of a combination of carboplatin and paclitaxel. Thus the
majority of our study population who had adjuvant chemotherapy will have received combination

therapy.

In conclusion, our study shows that adjuvant chemotherapy improves long-term RFS and OS in patients
who received optimal staging for early stage HGSOC. The present study is the first study demonstrating
clear survival benefit of adjuvant chemotherapy following optimal staging in HGSOC. These results

should be discussed with patients to optimize the shared decision process.
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Table/Figure legends
Figure 1. Number of staging procedures per year

Number of patients receiving optimal staging procedures and number of patients who had adjuvant
chemotherapy per year in the Netherlands. Number of patients who had chemotherapy did not change
from 2002 to 2014.

Figure 2. Survival functions of patients with FIGO stage | HGSOC after optimal staging

Kaplan-Meier curves depicting RFS, OS and DDS in months of all FIGO stage | patients with HGSOC
per treatment strategy. RFS improved significantly after adjuvant chemotherapy (Log Rank 9.24; p =
0.002). Five-year RFS was 81% after chemotherapy and 59% after staging only. Five-year OS was 84%
after chemotherapy and 82% after staging only. Ten-year OS increased for 62% to 78% after adjuvant
chemotherapy (Log Rank 3.27; p = 0.07). DSS for chemotherapy group and no-chemotherapy group
were similar after five years (88%), but ten-year DSS was 85% after adjuvant chemotherapy, whereas
DSS was 70% after staging alone (Log Rank 2.94; p= 0.09).

Figure 3. Forest plot of subgroups

Forest plot of all subgroups, which demonstrates the effect of chemotherapy on OS per subgroup.
Hazard ratios are indicated by squares. The bars indicate corresponding 95% confidence intervals.

Table 1. Characteristics of patients who had optimal staging surgery for FIGO stage | HGSOC
(n=223)

Table 2. Univariate and multivariate Cox model for recurrence-free and overall survival in
patients who had optimal staging surgery (n=223)



