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Aim: To investigate whether the time interval between primary debulking surgery (PDS) and
initiating adjuvant chemotherapy affects survival in patients with epithelial ovarian cancer
(EOC).

Methods: We retrospectively reviewed FIGO stage IIB to IV EOC patients who received
PDS followed by adjuvant chemotherapy in our hospital between January 2008 and
December 2016. The optimal cut-off time interval to chemotherapy related to survival was
determined using the Contal and O’Quigley method and Cox hazard models. Cox regression
analysis was used to identify the independent effect of time interval on survival.

Results: A total of 152 patients were identified and divided into three groups based on the
time interval between PDS and initiating adjuvant chemotherapy: early (<23 days), inter-
mediate (23-43 days) and late (>43 days). The intermediate group had a significantly better
median progression-free survival (PFS, 35.5 months) compared to the early (20 months) and
late (22.6 months) groups. After adjustments for confounding factors, time interval was still
an independent variable affecting PFS. The intermediate group was associated with a better
PFS compared with the early and late groups (hazard ratio 0.27, 95% CI 0.10-0.83,
p=0.002). There was no statistical significance in overall survival (OS) in univariate or
multivariate analysis, although there was a trend towards better OS in the intermediate group.
Conclusion: Our results provide evidence that the time interval from PDS to chemotherapy
influences PFS in patients with advanced EOC. The optimal time to initiate chemotherapy was
between 23 and 43 days, within 3—6 weeks post-operatively. Initiating chemotherapy early (<23
days) did not appear to benefit PFS.
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Introduction

Ovarian cancer is the seventh common cancers of women and the third common
gynecologic malignancy worldwide." It is the most leading cause of deaths from
gynecologic cancers. International Federation of Obstetrics and Gynecology
(FIGO) stage, tumor grade, histological subtype and residual tumor after surgery
are the established prognostic factors of progression-free survival (PFS) and overall
survival (OS) for women with epithelial ovarian cancer (EOC).?> The standard
treatment for advanced-stage EOC is primary debulking surgery (PDS) followed
by adjuvant chemotherapy.>* Adjuvant chemotherapy is important to eliminate
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residual diseases or microscopic diseases. Critical factors
related to primary chemotherapy include inherent and
acquired drugs resistance, and the timing of initiation of
chemotherapy following PDS.’

Some previous studies showed that early initiation of
chemotherapy following surgery was more benefit for
ovarian cancer patients’ survivals.” According to the
Gompertzian model, the tumor burden is lower after
debulking surgery and cells will divide more rapidly due
to the effect of cytokines, and this rapid cell cycle is then
a good target for chemotherapeutic action.® Therefore, it is
generally accepted that adjuvant chemotherapy should not
be delayed after debulking surgery. However, initiating
chemotherapy too quickly after major surgery may lead
to more adverse effects and possibly interrupt the follow-
ing treatment plan. Over the past decades, several studies
have investigated the best time to initiate chemotherapy
after completing surgery to delay disease recurrence in
a wide variety of malignancies.””'* The optimal time to
start chemotherapy after surgery in patients with EOC has
yet to be well established. Therefore, in this study, we
aimed to investigate whether different time intervals
between PDS and initiating adjuvant chemotherapy affect
the survival of patients with advanced EOC.

Materials and Methods

We retrospectively reviewed patients with advanced EOC
from FIGO (International Federation of Gynecology and
Obstetrics) stage [IB to IV who received PDS followed by
adjuvant chemotherapy in our hospital between
January 2008 and December 2016. Patients were excluded
if they underwent interval debulking surgery after neoad-
juvant chemotherapy, had received less than three courses
of adjuvant chemotherapy in stage IIB and six courses in
stage III/IV, or did not receive follow-up. Data acquired
from medical records included age, pretreatment cancer
antigen 125 (CA-125) level, FIGO stage, ascites amount,
histologic type and grade, surgical debulking extent, resi-
dual tumor, chemotherapy regimen, and the use of beva-
cizumab in front-line treatment. The time interval to
chemotherapy was defined as the period between the date
of surgery and the first date of initiating chemotherapy.
After completing treatment, all patients were followed up
every 3 months in the first 2 years, every 3—6 months in
the following 3 years, and then every 6—12 months there-
after. Details of clinical symptoms and pelvic examina-
tions were recorded, and tumor marker, chest X-ray, and

computed tomography (if necessary) examinations were

arranged. The Institutional Review Board of Chang Gung

Memorial Hospital approved this

201601487B0C501).
The optimal cut-off time interval for chemotherapy

study (number:

related to survival was determined using the Contal and
0O’Quigley method and Cox hazard models. The patients
were then categorized into different groups according to
the time of initiating adjuvant chemotherapy after surgery.
Differences between proportions were evaluated using the
chi-square test. Univariate Cox regression analysis was
performed first with each clinicopathological factor includ-
ing time to chemotherapy. The variables reaching statisti-
cal significance were then entered into multivariate Cox
proportional hazards analysis to identify the most signifi-
cant independent prognostic factors for PFS and OS. To
evaluate the efficacy of adjuvant chemotherapy according
to the timing of its initiation, we analyzed and compared
the 5-year PFS and OS rates after surgery among the
groups. The PFS and OS curves were estimated using the
Kaplan—-Meier method, and differences between groups
were assessed using the Log rank test. A P-value of less
than 0.05 was considered to represent statistical signifi-
cance. All statistical analyses were performed using SPSS
version 20.0 (IBM Co., Armonk, NY, USA).

Results
A total of 152 eligible patients were identified for analysis,
and their baseline characteristics are listed in Table 1. The
median time from surgery to the initiation of adjuvant
chemotherapy was 29 days (interquartile range 24-37
days). The best cut-off points of the time interval to
chemotherapy based on Contal and O’Quigley’s method
and Cox hazard model were 23 and 43 days (Figure 1).
Therefore, we categorized the patients into three groups
according to the time interval to chemotherapy: early
group (<23 days), intermediate group (23—43 days), and
late group (>43 days). There were no significant differ-
ences in terms of age, FIGO stage, histology, tumor grade,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, ascites amount, chemotherapy regimen, and
the use of front-line bevacizumab among the groups.
However, intermediate group had more optimal debulking
surgery, while the late group had a significantly higher
pretreatment CA-125 level, more extensive surgery
(defined as received at least one of the following proce-
dures including intestine resection, hepatectomy, splenect-
omy, partial

diaphragmectomy,  cystectomy, or

nephrectomy), and longer intensive care unit (ICU) stay.
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Table | Characteristics and Demographics of the Patients
(N=152)

Characteristics Number (%)
Age at diagnosis, median (inter-quartile range), | 54.5 (46.5-61)
years
Time to chemotherapy, median (interquartile 29 (24-37)
range), days
FIGO stage, n (%)
1B 30 (19.7)
1] 106 (69.7)
\% 16 (10.5)
Histology, n (%)
High-grade serous 73 (48.0)
Low-grade serous 8 (5.3)
Clear cell 27 (17.8)
Endometrioid 19 (12.5)
Others’ 25 (16.4)
Grade*, n (%)
Grade | 13 (8.6)
Non-Grade | 139 (91.4)
ECOG performance status, n (%)
0 143 (94.0)
| 6 (3.9
2 320
CA-125 at diagnosis, n (%)
<400 U/mL 60 (39.4)
2400 U/mL 92 (60.6)
Extensive surgery®, n (%)
Yes 40 (26.3)
No 112 (73.7)
Postoperative residual tumor, n (%)
<| cm (optimal) 113 (74.3)
>| cm (suboptimal) 39 (25.7)
Ascites, n (%)
<500 mL 84 (55.4)
=500 mL 68 (44.6)
Chemotherapy regimen, n (%)
Carboplatin + Paclitaxel 139 (91.4)
Others 13 (8.6)
Intensive care unit stay, n (%)
Yes 17 (11.2)
No 135 (88.8)

Notes: *Non-G| including grade 2, grade 3, undifferentiated, and clear cell carci-
noma; Tlncluding mucinous, transitional, undifferentiated, mixed type; iIncIuding
intestine resection, hepatectomy, splenectomy, partial diaphragmectomy, cystect-
omy, or nephrectomy.

Abbreviations: ECOG, Cooperative  Oncology Group;
International Federation of Obstetrics and Gynecology.

Eastern FIGO,

Detailed baseline characteristics of the three groups are
shown in Table 2.

The 5-year PFS rates were 30% in the early group,
68% in the intermediate group, and 10% in the late group
(Log rank, p<0.05) (Figure 2), while the 5-year OS rates
were 57% in the early group, 72% in the intermediate
group, and 30% in the late group (Log rank, early vs
intermediate p=0.119; intermediate vs late p=0.091)
(Figure 3). The intermediate group had a significantly
better median PFS (35.5 months) compared to the early
and late groups (20 and 22.6 months, respectively). After
adjustments for confounding factors, time interval was still
an independent variable affecting PFS. The intermediate
group was associated with a better PFS compared to the
early and late groups (HR 0.41, 95% CI 0.21-0.81,
p=0.011). However, there was no statistical significance
in OS in either univariate or multivariate analysis,
although there was a trend towards better OS in the inter-
mediate group. Cox proportional hazard regression models
for 5-year PFS and OS are shown in Tables 3 and 4.

Discussion

Our results provide evidence that the time interval from
PDS to chemotherapy influences PFS in patients with
advanced EOC. The optimal time to initiate chemotherapy
was between 23 and 43 days, within 3-6 weeks post-
operatively. Initiating chemotherapy <23 and >43 days
did not appear to benefit PFS. Although our data only
showed a trend towards better OS in the intermediate

group,
progression treatments, including surgery, chemotherapy

most patients now receive multiple post-
and biological-targeted therapies, which can significantly
confound and dilute the effects of the time interval to
chemotherapy on the OS endpoint. Therefore, the consen-
sus of the Gynecological Cancer InterGroup (GCIG) con-
cluded that while OS remains the gold standard for
demonstrating benefits in clinical trials, PFS is still
a relevant primary endpoint for clinical trials of first-line
therapies for ovarian cancer.'”

Studies on whether the time interval between PDS and
initiating chemotherapy affects the survival of patients
with EOC have been inconclusive. Some studies have
suggested that delayed chemotherapy after PDS was not
associated with poor survival, while others have reported
that the time interval to chemotherapy was an important

predictor of survival. The most recent negative result was
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Figure | The best cut-off points of time interval to chemotherapy. The best cut-off points of time interval to chemotherapy based on the analytic results of Contal and

O’Quigley’s method and Cox hazard models were 23 and 43 days.

from a Danish nationwide population-based study reported
by Lydiksen et al, in which they included patients with all
stages and found a non-significant increased risk of death
with a time interval >32 days compared with <32 days."*
In earlier studies, Aletti et al and Gadducci et al focused
on stage IIIC/IV and II-1V patients, respectively, with the
time to chemotherapy categorized by quartiles, and they
both demonstrated a negative impact of time interval to
chemotherapy on survival.”'® In contrast, Timmermans
et al and Wright et al demonstrated worse survival when
patients started chemotherapy after 37 and 84 days,
respectively.'>!® Seagle et al reported the most powerful
positive result.'” They collected data from the National
Cancer Data Base and analyzed 15,752 patients represent-
ing the overall American population with ovarian cancer,
and found that a delay in chemotherapy >35 days was
7%
Interestingly, they also found that initiating chemotherapy

associated with a increased hazard of death.
early (<21 days) was associated with decreased survival,
and our data seemed to agree with this finding.'” This
paradoxical finding is probable due to impaired host
defense mechanisms following major surgery leading to
intolerance to chemotherapy, which in turn delayed sub-
sequent cycles or led to a reduction in the dosage which
thereby mediated the increased hazard of death.

There are several possible explanations for the conflict-
ing results in the optimal timing of chemotherapy in the
postoperative period. First, differences in the definition of
delayed chemotherapy with regards to the cut-off points.
Most studies used median values while some used inter-
quartile range. These differences indicate the heterogeneity
of the studied populations and may explain the inconsis-
tent outcomes. Dichotomization of a continuous variable
with a median value can result in information loss, and
then loss of power to detect actual significance and can
sometimes lead to biased estimates in regression
settings.'® In addition, not all continuous variables have
a single cut-off point. Even if a single cut-off point exists
and it is statistically significant, one also needs to consider
the clinical relevance of such a cut-off point.'® In the
present study, we did not use median values as the cut-
off point, and instead we identified cut-off points based on
outcome oriented (time to event) Contal and O’Quigley’s
method, which may have resulted in cut-off points that
were most significantly associated with outcomes.

Second, the evolution of surgical management for
ovarian cancer. With advances in surgical techniques and
postoperative care, more aggressive cytoreductive surgery
to no gross residual tumor is the main goal in current
clinical practice.”” Previous studies have reported that
more extensive cytoreduction increases the occurrence of
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Table 2 Eligible Patient Demographics and Clinical Characteristics According to the Time to Chemotherapy from Primary Debulking

Surgery
Characteristics Time to Chemotherapy (Days)
<23 23-43 >43 P value
Number of patients 107 32 13
Age at diagnosis, (years) 54 54.5 55 0.930
Median (interquartile range) (47-61) (46.5-61) (44-71.5)
FIGO stage, n (%) 0.431
1IB 19 (17.8) 9 (28.1) 2 (154)
1 74 (69.2) 22 (68.8) 10 (76.9)
v 14 (13.1) I (3.1) 1 (7.7)
Histology, n (%) 0.296
High-grade serous 57 (53.8) Il (34.4) 5 (35.8)
Low-grade serous 4 (3.8) 3(94) 1 (7.1)
Clear cell 19 (17.8) 7 (21.9) 1 (7.7)
Endometrioid 11 (10.3) 4 (12.5) 4 (30.8)
Others 15 (14.0) 7 (21.9) 3 (23.0)
Grade, n (%) 0.391
Grade | 7 (8.0) 4 (14.3) 2 (16.7)
Non-Grade | 100 (92.0) 28 (85.7) 11 (83.3)
ECOG performance status, n (%) 0.926
0 100 (93.5) 30 (93.8) 13 (100)
[ 547 I (3.1) 0 (0.0
2 2 (1.9) I 3.1) 0 (0.0
CA-125 at diagnosis, n (%) 0.036
<400 U/mL 37 (34.7) 16 (61.5) 4 (30.8)
2400 U/mL 70 (65.3) 10 (38.5) 9 (69.2)
Extensive surgery, n (%) 0.026*
Yes 24 (22.4) 9 (28.1) 7 (53.9)
No 83 (77.5) 23 (71.9) 6 (46.2)
Postoperative residual tumor, n (%) 0.045*
<| cm (optimal) 76 (71.0) 29 (90.6) 8 (61.5)
>| cm (suboptimal) 31 (29.0) 3(94) 5 (38.5)
Ascites, n (%) 0.173
<500 mL 54 (50.5) 22 (68.8) 8 (61.5)
2500 mL 53 (49.5) 10 31.3) 5 (38.5)
Chemotherapy regimen, n (%) 0.894
Carboplatin + Paclitaxel 97 (90.7) 30 (93.8) 12 (92.3)
Others 10 (9.3) 2 (6.3) 1 (7.7)
Bevacizumab first-line, n (%) 0.083
Yes Il (10.3) 0 (0.0) 0 (0.0
No 96 (89.7) 32 (100) 13 (100)
Intensive care unit stay, n (%) 0.009*
Yes 7 (6.5) 6 (18.8) 4 (30.8)
No 100 (93.5) 26 (81.3) 9 (69.2)
Note: *p < 0.05.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Obstetrics and Gynecology.
Cancer Management and Research 2021:13 https: 5417
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Figure 2 Kaplan—Meier curves for progression-free survival in subgroups of patients stratified by time to chemotherapy (TTC). The 5-year progression-free survival rates
were 30% in the early group, 68% in the intermediate group, and 10% in the late group (Log rank, p<0.05).
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Figure 3 Kaplan—Meier curves for overall survival in subgroups of patients strati-
fied by time to chemotherapy (TTC). The 5-year overall survival rates were 57% in
the early group, 72% in the intermediate group, and 30% in the late group (Log rank,
early vs intermediate p=0.119; intermediate vs late p=0.091).

postoperative complications and chemotherapy
delay.'®*'** We did find a significantly higher rate of
extensive surgery in the late (>43 days) group, but this

does not necessarily reflect a higher rate of complete
cytoreduction. Fotopoulou et al reported a major compli-
cation rate of 18.6% and a mortality rate of 3.4% (within 3
months) after extensive cytoreductive surgery for dissemi-
nated (FIGO stage IIIC and IV) ovarian cancer.”
Although chemotherapy was delayed in only 3.3% of the
patients, the cut-off time they used to define a delay in
chemotherapy was 56 days. Furthermore, their median
time between surgery and first cycle of postoperative che-
motherapy was 37 days, which is longer than in most
previous studies ranging from 20 to 40 days, and also
ours.”! #1322 Although no gross residual tumor is
a well-established good prognostic factor, delayed che-
motherapy initiation may attenuate the potential benefit
of extensive cytoreductive surgery. Whether the prognosis
of patients with no residual disease after extensive surgery
followed by delayed chemotherapy is superior to those
with macroscopic residual disease and early chemotherapy
is still unknown.

Third, the rates of residual disease status after debulk-
ing surgery in different studies have been inconsistent, and
this may also confound the effect of time to chemotherapy.
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Table 3 Univariate and Multivariate Analyses of Factors Associated with Progression-Free Survival

Characteristics Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value

FIGO stage

1IB | |

1 2.27 (1.20-4.30) 0.011* 2.21 (1.054.63) 0.035*

v 3.23 (1.42-7.34) 0.005* 2.59 (0.92-7.24) 0.069
Histology

High-grade serous |

Low-grade serous 0.49 (0.15-1.57) 0.231

Clear cell 1.07 (0.61-1.85) 0.822

Endometrioid 0.49 (0.23-1.04) 0.064

Others 1.17 (0.65-2.10) 0.583
Grade

Grade | |

Non-Grade | 2.70 (0.98-7.35) 0.053
CA-125 at diagnosis

<400 U/mL |

2400 U/mL 2.10 (0.76-1.89) 0.415

Extensive surgery
Yes | |
No 0.49 (0.32-0.76) 0.001* 0.61 (0.37-1.02) 0.060

Residual tumor

<| cm (optimal) | |

>| cm (suboptimal) 2.27 (1.47-3.50) <0.001* 1.42 (0.84-2.39) 0.190
Ascites

<500 mL | |

=500 mL 2.25 (1.47-3.44) <0.001* 1.74 (1.11-2.72) 0.014*

Chemotherapy regimen
Carboplatin + Paclitaxel |
Others 1.57 (0.81-3.03) 0.178

Intensive care unit stay
Yes |
No 0.57 (0.32-1.02) 0.058

Bevacizumab treatment

Yes |
No 1.45 (0.70-3.01) 0.312
Time to chemotherapy, days
<23 | [
23-43 0.37 (0.19-0.720) 0.004%* 0.41 (0.21-0.81) 0.01I*
>43 1.24 (0.65-2.34) 0.504 0.95 (0.46-1.97) 0.899

Note: *p value<0.05.
Abbreviations: Cl, confidence interval; FIGO, International Federation of Obstetrics and Gynecology; HR, hazard ratio.

There was a higher tendency for clinicians to start che- residual disease were more prone to have a delay in the
motherapy as soon as possible in patients with residual initiation of chemotherapy, because they required more

macroscopic disease like ours. In contrast, patients with no  extensive surgery and had more postoperative

Cancer Management and Research 2021:13 heeps: 5419

Dove:


https://www.dovepress.com
https://www.dovepress.com

Lin et al Dove

Table 4 Univariate and Multivariate Analyses of Factors Associated with Overall Survival

Characteristics Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value
FIGO stage
1B |
n 2.16 (0.974.79) 0.057
v 2.49 (0.90-6.89) 0.077
Histology
High-grade serous |
Low-grade serous 0.56 (0.13-2.38) 0.441
Clear cell 1.54 (0.81-2.92) 0.182
Endometrioid 0.56 (0.22-1.47) 0.244
Others 1.54 (0.78-3.03) 0.205
Grade
Grade | |
Non-Grade | 2.31 (0.72-7.38) 0.157
CA-125 at diagnosis
<400 U/mL |
2400 U/mL 1.03 (0.60-1.78) 0.889

Extensive surgery
Yes | |
No 0.58 (0.34-0.98) 0.043* 0.75 (0.43-1.32) 0. 326

Residual tumor

<| cm (optimal) | |

>| cm (suboptimal) 1.95 (1.15-3.28) 0.012* 1.52 (0.86-2.71) 0.146
Ascites

< 500 mL | |

=500 mL 1.95 (1.16-3.29) 0.012* 1.70 (0.98-2.92) 0.056

Chemotherapy regimen
Carboplatin + Paclitaxel |
Others 1.15 (0.49-2.69) 0.732

Intensive care unit stay
Yes |
No 0.57 (0.29-1.12) 0.107

Bevacizumab treatment

Yes |

No 1.22 (0.38-3.94) 0.732
Time to chemotherapy, days

<23 |

23-43 0.54 (0.25-1.16) 0.1é

>43 1.26 (0.59-2.68) 0.537

Note: *p value<0.05.
Abbreviations: Cl, confidence interval; FIGO, International Federation of Obstetrics and Gynecology; HR, hazard ratio.

complications.'” Some studies have performed subgroup et al reported that the delayed initiation of chemotherapy

analysis focusing on residual disease status; however the may compromise OS in patients with advanced serous

results have been inconsistent. Hofstetter et al and Tewari  ovarian cancer only when debulking is suboptimal.>*'
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This seems rational considering that residual masses are
believed to be more sensitive to chemotherapy soon after
debulking surgery. Thus, the timing of chemotherapy may
be more relevant in patients with suboptimal debulking
surgeries. However, Timmermans et al and Mahner et al
found that delayed chemotherapy may decrease survival
only in patients with no gross residual disease.'®*® They
hypothesized that microscopic residual disease may be
forced into an accelerated proliferation phase after com-
plete debulking, as suggested by mouse models.?’
Furthermore, the loss of ovarian function soon after sur-
gery may induce tumor angiogenesis leading to the rapid
growth of microscopic residual tumor cells in ovarian
cancer patients.”®

Incorporation of bevacizumab has been accepted as
a standard of care in the primary treatment of advanced
EOC since the results of ICON7 and GOG-218.*°
According to these Phase III trials, the PFS was in favor of
bevacizumab group; however, OS benefit was only observed
in poor-prognosis patients, such as suboptimal debulking
status or FIGO stage IV disease. In our clinical practice, we
start to use this drug since 2014 and therefore only 11 patients
in our study received front-line bevacizumab treatment com-
bining with chemotherapy. Of the 11 patients, all were in the
early group and 7 of them had suboptimal debulking status.
No PFS and OS benefits were observed in these patients. The
unexpected results may be caused by a lack of consistency in
maintenance treatment cycle. In our entire cohort, we found
a borderline significant of higher optimal debulking rate in
the intermediate group. It is generally believed that better
PFS in intermediate group might be due to residual tumor
status rather than time to chemotherapy but why the signifi-
cance of this important factor disappeared upon multivariate
analysis. We speculate that the bevacizumab application may
be considered as a confounding factor and neutralized the
effect of residual tumor. Further study evaluating the associa-
tion between time to chemotherapy and survival should
include more patients with the use of standardized bevacizu-
mab treatment.

There are several limitations to this study. First, this
was a retrospective study with a single-center design, and
post-progression management of patients was different
across the study period. Second, there was selection bias
since some patients were excluded owing to incomplete
staging surgery, inadequate chemotherapy, or being lost to
follow-up, although we assumed that these missing
patients were at random. Third, we cannot differentiate
cases between complete resection and residual tumor

<lcm in optimal debulking group due to unclear medical
chart records and therefore subgroup analysis focusing on
different residual disease status was impossible.

Conclusions
We provide evidence that the time interval from PDS to
chemotherapy influences survival in patients with

advanced EOC. The optimal time to initiate chemotherapy
was between 23 and 43 days, within 3-6 weeks post-
operatively. Initiating chemotherapy early (<23 days) did
not appear to benefit survival. Further nationwide popula-
tion-based studies with more consistent cohorts are war-
ranted to better elucidate the best timing of initiating
chemotherapy after debulking surgery.
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