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Background: Secondary cytoreductive surgery (SCS) is possible in selected patients with recurrent epithelial ovarian
cancer (EOQ). The goal of SCS is complete resection, although chemotherapy is always followed. Delayed intervals
between primary debulking surgery and adjuvant chemotherapy was reported to be associated with poorer
survivals, however, the role of intervals in recurrent disease is still unknown.

Materials and methods: This retrospective cohort study reviewed data from electronic medical records of women
with recurrent EOC treated at Samsung Medical Centre, Seoul, Korea, between January 1, 2002, and December 31,
2015. Patients who underwent SCS with adjuvant chemotherapy for recurrent EOC were eligible. We defined
intervals as the period between the day of SCS and the first cycle of adjuvant chemotherapy.

Results: Seventy-nine patients were eligible for this study. Their median age was 48 (range, 18-69) years and
median interval between the date of SCS and initiation of adjuvant chemotherapy was 10 (range, 4-115) days. The
rate of complete resection was 72.2% (57/79). Division of the patients by interval (Group 1, interval < 10 days; Group
2, interval > 10 days) revealed no difference in clinical parameters. No gross residual disease after SCS (no vs. any
gross residual, p=0.002) and longer platinum-free survival (over 12 vs. 6-12 months, p =0.023) were independent
favorable prognostic factors in Cox model; however, the intervals did not affect survival.

Conclusions: Delayed intervals to adjuvant chemotherapy after secondary cytoreductive surgery is not associated
with decreased survivals. It is important to identify recurrent EOC patients who might have no gross residual
disease following SCS. Moreover, surgeons should strive for complete resection.
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Introduction

Epithelial ovarian cancer (EOC) is a deadly disease with a
high recurrence rate since most patients are diagnosed
with advanced-stage disease [1]. Even with maximal cytore-
ductive surgery plus platinum-based adjuvant chemother-
apy with or without targeted agents, 70-80% of patients
who had advanced disease at initial presentation develop
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recurrent disease within 5 years after these primary stand-
ard treatments [2, 3]. Once recurrent disease is confirmed,
the goal of treatment is palliative, which is usually managed
with systemic therapy [4].

In certain circumstances, secondary cytoreductive sur-
gery (SCS) in selected patients with platinum-sensitive
recurrent EOC was reported to provide better survival
with acceptable morbidities, although the role of SCS is
not yet clearly elucidated [5]. Since palliative systemic
therapy is the standard treatment for recurrent EOC,
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SCS is usually followed by systemic chemotherapy with
or without targeted agents.

The intervals between surgery and adjuvant chemother-
apy have been investigated due to the concerns that surgery
may accelerate residual tumor growth and delayed initiation
of adjuvant chemotherapy may lead to poor outcomes [6].
In animal models, removal of the primary tumor enhanced
the residual tumor growth; earlier adjuvant chemotherapy
reduced this effect, showing better survivals [7]. In patients
with solid tumors, this finding has also been observed in
various tumor sites including the breast [8] and colon [9].
For ovarian cancers, this topic remains controversial since
studies investigating the effect of intervals between maximal
cytoreductive surgery and adjuvant chemotherapy are very
heterogeneous in terms of patients selection and controlling
for bias originated from poor study design [10]. Although a
meta-analysis in ovarian cancer suggested a lack of associ-
ation between intervals and survival in the primary treat-
ment setting [11], some reports have showed negative
impacts on survival for delayed intervals in patients with
microscopic residuals or residuals of 1-9 mm, suggesting
that there may be subsets of patients who may benefit from
earlier adjuvant chemotherapy during primary treatment
[12-18]. However, it remains unknown whether the inter-
vals between SCS and adjuvant chemotherapy have any
effects on survival in recurrent EOC.

Materials and methods

Patient selection and data collection

In the present retrospective cohort study, data were
reviewed from women with recurrent EOC who were
treated at Samsung Medical Centre, Seoul, Korea, between
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January 1, 2002, and December 31, 2015. Study approval
was obtained from the institutional review board (IRB,
2019-03-009). Given the retrospective nature of the study,
direct informed consent from the women was not neces-
sary as per the ethical guidelines.

Eligible patients included those who had SCS and adjuvant
chemotherapy in 3 months for recurrent EOC. We consid-
ered that there was no intent to adjuvant chemotherapy in
patients who started adjuvant chemotherapy beyond this
time period. Diagnosis of disease recurrence was made by at-
tending physicians based on images, tumor markers, symp-
toms and/or biopsies. Although there is no strict consensus
among surgeons about the indications for SCS, patients who
had isolated or oligometastatic recurrent disease with
platinum-free intervals of more than 6 months (ideally more
than 12 months) can be considered as candidates for SCS.
We excluded patients who underwent tertiary cytoreductive
surgery after SCS, did not have adjuvant chemotherapy after
SCS, and who received palliative surgery for symptom relief
(e.g, end colostomy). The flowchart is shown in Fig. 1. Min-
imally invasive approaches including laparoscopy or robotic
surgery could be used based on the preference of the attend-
ing physician. Optimal CRS was defined as a residual disease
of less than 10 mm. The data were collected from patient
electronic medical records. The interval was defined as the
period between the day of SCS and the first day of the first
cycle of adjuvant chemotherapy. Platinum-based chemother-
apy was usually recommended for these patients.

Statistical analyses
Statistical analyses were performed with SPSS version
25.0 (SAS Institute, Cary, NC, USA). The descriptive

Eligible population (n=107)

recurrent epithelial ovarian cancer

-Patients who had secondary cytoreductive surgery for

Excluded patients (n=28)
- Tertiary cytoreductive surgery (n=10)
- No platinum-based chemotherapy
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Fig. 1 Flow chart of study patients
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statistics included median (range) for continuous vari-
ables (treatment interval, age, cancer antigen 125 [CA
125] level), and number (percentage) for categorical vari-
ables (histology, surgery type, American Society of
Anaesthesiologists (ASA) score, residual disease,
platinum-free interval, number of recurrences). Clinical
data were compared by x2 or Fisher exact tests for cat-
egorical variables, and Student’s t- or Wilcoxon rank-
sum tests for continuous variables. The primary end-
point was overall survival (OS) and progression-free sur-
vival (PFS). Secondary endpoint was perioperative
outcomes according to intervals. Also, we validated the
Arbeitsgemeinschaft Gynékologische Onkologie (AGO)
score, a model to predict complete resection at SCS, in
our study cohort. PFS was defined as the time from SCS
to the date of next recurrence/last follow-up. OS was de-
fined as the time from SCS to the date of death/last fol-
low up. OS was calculated by the Kaplan—Meier method.
Multivariate analyses were used to evaluate the associ-
ation of demographic and clinical variables with progres-
sion and OS in Cox proportional hazard models.
Variables showing a potential association with OS (p <
0.05) were selected for multivariate analysis using Cox
proportional hazards models and a backward selection
algorithm. The criteria for backward selection was p <
0.05. Hazard ratios (HRs) were reported with 95% confi-
dence intervals (CIs). Variables such as time-to-
treatment interval and CA-125 were analyzed as both
continuous and binary variables (dichotomized according
to the median value) Two-sided tests were applied. P-
values < 0.05 were considered statistically significant and
were shown up to the thousandths, which were rounded
up from the ten-thousandths.

Results
A total of 79 patients were eligible for this study. Their clin-
icopathological characteristics are presented in Table 1.
The median age was 48 (range, 18—69) years and the
median CA 125 level before SCS was 18.4 U/mL (range,
1.5-2446.1 U/mL). The dominant histology was high-
grade serous carcinoma (60 patients, 75.9%) and 60
patients (75.9%) underwent laparotomy. Most patients
(74, 93.7%) had ASA scores of 1-2. The level of residual
disease after SCS was divided into no gross residual dis-
ease (R0), 1-9 mm residual disease (R1), and equal to or
more than 10 mm residual disease (R2). The rate of RO,
which was equal to complete resection, was 72.2%. Most
patients (65, 82.3%) had a platinum-free interval of more
than 12 months and 72 patients (91.1%) had SCS at their
first recurrence. All patients received platinum-based
chemotherapy and carboplatin with paclitaxel were used
in most patients (65, 82.2%). Bevacizumab was added in
seven (8.7%) patients.
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The overall median interval between the date of SCS
and initiation of adjuvant chemotherapy was 10 (range,
4-86) days, and hence, we divided the patients into two
groups according to the median interval: Group 1 (inter-
val <10 days) and Group 2 (interval > 10 days). Groups 1
and 2 were well balanced in terms of clinical parameters,
as shown in Table 1. There were no differences between
the two groups in procedures and rates of complications
during and after SCS (p = 0.406, Table 2).

With a median follow-up of 59 months, early chemother-
apy (Group 1) after SCS, as opposed to late chemotherapy
(Group 2), did not show survival benefits, as shown in Fig. 2a
and b. Otherwise, no gross residual disease after SCS, eleva-
tion of CA 125 to more than 40IU/mL before SCS, a
platinum-free interval of more than 12 months, laparoscopy
during SCS, and serous histology showed significant or mar-
ginal better OS, as shown in Fig. 3. A Cox model was used
for multivariate analysis of PES and OS, which showed that
the level of residual disease after SCS was the only persistent
significant prognostic factor for both. For example, the HR
of non-RO (R1 and R2) over RO was 2.031 with a 95% CI of
1.161-3.554 (p =0.013, Table 3) for PFS and 3.018 with a
95% CI of 1.486-6.130 (p = 0.002, Table 4) for OS. A longer
platinum-free interval (over 12 months vs 6—12 months) at
the time of SCS was an independent favorable prognostic
factor only for OS (HR 0.398; 95% CI: 0.180-0.880; p =
0.023). However, the other clinical parameters including the
intervals did not affect survival (Tables 3 and 4). When ana-
lyzing intervals as a continuous variable, there was still no
association between intervals and survivals (HR for PFS,
1.003; 95% CI, 0.984-1.023; p =0.724; HR for OS, 1.002;
95% CI 0.978—-1.026; p = 0.894).

As AGO score is a validated model to predict complete
resection (R0O) at SCS in patients with platinum-sensitive
recurrent EOC, we applied this model in our study popula-
tion. Forty-six patients had a positive AGO score and
complete resection (RO) was achieved in 37 patients, corre-
sponding to a positive predictive value of 80.4%. In con-
trast, complete resection (RO) was achieved in 20 of 33
patients with negative AGO scores, resulting in a negative
predictive value of 39.4%. Overall, the difference in AGO
score (positive vs. negative) before SCS was signifi-
cantly associated with different rate of residual disease
levels after SCS (p = 0.047, Table 5).

Discussion

The results of this study found that the intervals be-
tween SCS and adjuvant chemotherapy did not influ-
ence survival in patients with platinum-sensitive
recurrent EOC. Otherwise, patients who had laparot-
omy, any gross residual disease after SCS, or partially
platinum-sensitive recurrence showed poorer survival
as compared to those in patients who had a
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Table 1 Patients characteristics by the treatment interval between secondary cytoreductive surgery and adjuvant chemotherapy

Entire cohort Group 1 (treatment interval < 10 days, n=42) Group 2 (treatment interval p value
(n=79) >10days, n=37)
Treatment interval, days (range) 10 (4-86) 8 (4-10) 19 (11-86) < 0.001
Median age, yr (range) 48 (18-69) 49 (24-44) 48 (18-69) 0613
Median CA-125, U/mL (range) 184 (1.5-2446.1) 26.1 (1.5-685.2) 15.1 (1.8-2446.1) 0.190
Histology 0.957
Serous 60 (75.9%) 32 (76.2%) 28 (75.7%)
Non-serous 19 (24.1%) 10 (23.8%) 9 (24.3%)
Surgery 0.957
Laparoscopy 19 (24.1%) 10 (23.8%) 9 (24.3%)
Laparotomy 60 (75.9%) 32 (76.2%) 28 (75.7%)
ASA score® 0.798
1 17 (21.5%) 10 (23.8%) 7 (18.9%)
2 57 (72.2%) 29 (69.0%) 28 (75.7%)
3 5 (6.3%) 3 (7.1%) 2 (54%)
Residual disease® 0718
RO 57 (72.2%) 29 (69.0%) 28 (75.7%)
R1 9 (11.4%) 6 (14.3%) 3 (8.1%)
R2 13 (16.5%) 7 (16.7%) 6 (16.2%)
Platinum free interval 0.082
6-12mo 14 (17.7%) 10 (23.8%) 4 (10.8%)
over 12mo 65 (82.3%) 32 (76.2%) 33 (89.2%)
Recurrence no. 0.243

1st recur 72 (91.1%)

7 (8.9%)

40 (95.2%)

2nd recur 2 (4.8%)

32 (86.5%)
5 (13.5%)

@ASA score, American Society of Anaesthesiologists score

PThe level of residual disease after SCS was divided into no gross (R0), 1-9 mm (R1), and equal to or more than 10 mm residual disease (R2)

laparoscopy, no gross residual disease after SCS, or
platinum-sensitive recurrence.

Preclinical studies have shown that surgery pro-
motes accelerated microscopic or macroscopic re-
sidual tumor growth during the perioperative period
[6, 18]. The spread of tumor cells during surgery,
surgery-induced pro-inflammatory/pro-angiogenic cy-
tokines, and/or transient immune suppression in the
immediate postoperative period might be the potential
reasons for this phenomenon [6, 19]. Since these
negative effects of surgery affect poor oncological out-
comes [7, 20, 21], several strategies to overcome these
findings have been suggested [6]; among them, animal
models showed early chemotherapy after surgery to
be an effective way to negate these effects [7, 18].
Concordant with the findings in preclinical studies,
clinical studies have demonstrated significantly im-
proved survival with immediate postoperative chemo-
therapy [9, 19, 22-24]. However, the concept remains
controversial and its true impact in cancer patients
remains unclear, particularly in EOC. Although imme-
diate postoperative chemotherapy was not associated

with poor wound healing in EOC [25], concern re-
mains among gynecologic oncologists.

In a meta-analysis of the impact of intervals between sur-
gery and initiation of adjuvant chemotherapy in the primary
treatment of EOC, the intervals were not associated with
survival [11]. However, the studies included in the meta-
analysis were heterogeneous in terms of the level of residual
disease and definitions of early vs. late chemotherapy, which
might have influenced the results. For example, Tewari et al.
reported that late chemotherapy (>25days following sur-
gery) was an independent poor prognostic factor for OS ex-
clusively in patients with no gross residual disease after
surgery [15]. The median interval in this study cohort was
31 days (interquartile range, 23—41 days). More recently, we
found that late chemotherapy (> 10 days following sur-
gery) was significantly associated with poor OS only
in patients with 1-9mm residual disease [18].
However, late chemotherapy in patients with no gross
residual disease did not have any prognostic impact
on survival, as opposed to the findings of Tewari
et al; moreover, the median interval of our study was
10 days (range, 3-86 days), significantly shorter than
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Table 2 Surgical procedures and postoperative complications by the treatment interval between secondary cytoreductive surgery

and adjuvant chemotherapy

Entire cohort (n=79) Group 1 (treatment interval < 10 days, n =42) Group 2 (treatment interval p value
> 10days, n=37)
Surgical procedures
Tumorectomy 57 (72.2%) 31 (73.8%) 26 (70.3%) 0.726
LN? dissection 20 (25.3%) 10 (23.8%) 10 (27.0%) 0.743
Bowel surgery 20 (25.3%) 13 (31.0%) 7 (18.9%) 0220
Bladder/ureter injury 6 (7.6%) 2 (4.8%) 4 (10.8%) 0311
Vessel injury 2 (2.5%) 2 (4.8%) 0 (0.0%) 0.179
Upper abdomen® 13 (16.5%) 9 (21.4%) 4 (10.8%) 0.204
Lung surgery 3 (3.8%) 2 (4.8%) 1 (2.7%) 0633
Postoperative complications® 0406
| 5 (6.3%) 3 (7.1%) 2 (54%)
Il 9 (11.4%) 6 (14.3%) 3 (8.1%)
11 (llia, Nlib) 2 (2.5%) 2 (4.8%) 0 (0.0%)
IV, vV 0 (0.0%) 0 (0.0%) 0 (0.0%)

LN Lymph node;

bUpper abdomen surgery included splenectomy, pancreatectomy, and hepatectomy

“Postoperative complications were classified into ‘Clavien-Dindo classification’

those in the study by Tewari et al. These findings
suggest the need for caution when interpreting and
applying the results of the meta-analysis to patients.
To obtain more concrete results about the role of in-
tervals on survival in subpopulations of EOC patients,
some studies have been performed exclusively in pa-
tients with early-stage disease (FIGO I and II) [26], in-
traperitoneal (IP) chemotherapy [27], or neoadjuvant
chemotherapy [16], which found no association between
interval and survival. In the same context, studies includ-
ing only older patients (more than 65 years) [28, 29] or
those with high-grade serous ovarian carcinoma [12, 30]
showed mixed results regarding the relationship between
interval and survival. The association between interval and
survival is still unknown in patients with platinum-

sensitive recurrent ovarian cancer eligible for SCS. Our
findings suggest that delayed chemotherapy following
SCS does not influence survival, suggesting that phy-
sicians should make their best effort to leave no gross
residual disease during SCS, which is one of the most
potent prognostic factors in this population, as shown
in our and other studies [31].

In our center, SCS was recommended for highly-
selected patients based on attending physicians’ decisions;
although there was a general consensus (as described in
methods), it would be difficult to generalize our results.
AGO score is a validated model to predict no gross
residual disease after SCS in EOC, with rates of complete
resection in the DESKTOP II and III trials with this model
of 67% [32] and 75% [33], respectively, comparable to the
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72.2% observed in the present study. When we apply
AGO score in our study population, the PPV for complete
resection of SCS was 80.4%; however, the NPV was rela-
tively low at 39.4%, suggesting there were more patients
with negative AGO scores who achieved no gross residual
disease during SCS in our study compared to those in pre-
vious studies [32, 33]. It is not clear whether this differ-
ence originated from recall bias from the retrospective
design of our study, which is one of the major limitations,
or other factors including different surgical complexity,
ethnicity in study population, etc.; nevertheless, we do not

think that these differences have influenced our results.
However, as the role of intervals is influenced by different
definitions of early vs. late chemotherapy and the level of
residual disease among various studies based on the pri-
mary treatment setting in EOC [10, 11], further studies
are needed to draw robust conclusions. Since we did not
have a control group of patients who did not receive post-
operative chemotherapy after SCS, we cannot determine
the role of SCS itself on survival. Recently, SCS in patients
with platinum-sensitive first relapsed EOC and a positive
AGO-Score resulted in increased PFS in the DESKTOP



Jeong et al. Journal of Ovarian Research (2020) 13:1

Page 7 of 10

Table 3 Univariate and multivariate Cox Proportional hazard ratios (HR) for disease recurrence

Univariate Multivariate
HR (95% Cl) p-value HR (95% Cl) p-value

Treatment interval®

Group 1 1 (reference)

Group 2 1.113 (0.680-1.822) 0670
Age

<65yr 1 (reference)

265yr 0679 (0.271-1.701) 0409
CA-125

<40 U/mL 1 (reference) 1 (reference)

240 U/mL 1.976 (1.187-3.287) 0.009 1.620 (0.954-2.749) 0.074
Histology

Serous 1 (reference)

Non-serous 1.081 (0.597-1.956) 0.798
Surgery

Laparoscopy 1 (reference)

Laparotomy 1.657 (0.900-3.051) 0.105
ASA score®

1 1 (reference)

2,3 0.808 (0.458-1.426) 0462
Residual disease®

RO 1 (reference) 1 (reference)

R1, R2 2.366 (1.384-4.046) 0.002 2.031 (1.161-3.554) 0013
Platinum free interval

6-12mo 1 (reference) 1 (reference)

over 12mo 0.509 (0.276-0.940) 0.031 0.582 (0.309-1.095) 0.093
Recurrence no.

1st recur 1 (reference)

2nd recur 0.967 (0.416-2.247) 0938

“Enrolled patients were divided into two groups; Group1 (treatment interval < 10 days) and Group?2 (treatment interval > 10 days)

PASA score, American Society of Anaesthesiologists score

“The level of residual disease after SCS was divided into no gross (R0), 1-9 mm (R1), and equal to or more than 10 mm residual disease (R2)

III trial [33]. OS data in DESKTOP III and the results of
surgical parts of the U.S. NRG/Gynecologic Oncology
Group (GOG 213) surgical trial are awaited.

One possible explanation for these results is that the
study population consisted of patients with small-volume
disease before and after SCS. For example, no effect of
intervals on survival in FIGO stage I/II (relatively small
volume disease as opposed to stage III and IV) at initial
presentation or FIGO stage III/IV with no gross residual
disease after primary cytoreductive surgery was reported
[18, 26]. With longer median intervals (31 days reported
by Tewari et al. [15], 19 days reported by Mahner et al.
[13]) in more advanced EOC than that observed in our
study (10 days), delayed chemotherapy was associated with
poorer OS in patients with no gross residual disease after

primary cytoreductive surgery, which suggests that our
result may have been different if our median intervals
were longer. Since the median intervals vary significantly
among study populations [10, 11], a multicenter study is
warranted.

Apart from the fact that sample size is small, there are
still several limitations in this study. First, since it is a
retrospective design, unknown factors that might have in-
fluenced the intervals may exist even though we found
that there was no difference in perioperative outcomes
and the rate of complications between early and late adju-
vant chemotherapy. Second, it may be hard to generalize
our results which came from a single center’s experience
for which we need a multicenter study in the future.
Third, patients in our cohort may be heterogeneous in
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Table 4 Univariate and multivariate Cox Proportional hazard ratios (HR) for death
Univariate Multivariate
HR (95% Cl) p-value HR (95% Cl) p-value

Treatment interval®

Group 1 1 (reference)

Group 2 0.772 (0405-1472) 0433
Age

<65yr 1 (reference)

265yr 0.202 (0.028-1.479) 0.115
CA-125

<40 U/mL 1 (reference) 1 (reference)

240 U/mL 2664 (1.401-5.065) 0.003 1.930 (0.997-3.776) 0.054
Histology

Serous 1 (reference)

Non-serous 1.820 (0.900-3.682) 0.096
Surgery

Laparoscopy 1 (reference) 1 (reference)

Laparotomy 3.060 (1.081-8.661) 0.035 2572 (0.889-7.438) 0.081
ASA score®

1 1 (reference)

2,3 1.057 (0.484-2.310) 0.889
Residual disease®

RO 1 (reference) 1 (reference)

R1, R2 3.699 (1.929-7.093) <0.001 3.018 (1.486-6.130) 0.002
Platinum free interval

6-12mo 1 (reference) 1 (reference)

over 12mo 0462 (0.224-0.954) 0.037 0.398 (0.180-0.880) 0.023
Recurrence no.

1st recur 1 (reference)

2nd recur 1.277 (0451-3.619) 0.645

“Enrolled patients were divided into two groups; Group1 (treatment interval < 10 days) and Group?2 (treatment interval > 10 days)

PASA score, American Society of Anaesthesiologists score

“The level of residual disease after SCS was divided into no gross (R0), 1-9 mm (R1), and equal to or more than 10 mm residual disease (R2)

Table 5 Relationship between AGO score® and complete
resection at secondary cytoreductive surgery

Complete resection® Total
No (R1,R2) Yes (RO)
AGO score
negative 13 (59.1%) 20 (35.1%) 33
positive 9 (40.9%) 37 (64.9%) 46
Total 22 57 79

AGO score assessment had a sensitivity, specificity, positive predictive value,
and negative predictive value of 64.9, 59.1, 80.4, and 39.4%, respectively

2AGO score, Arbeitsgemeinschaft Gynakologische Onkologie score

The level of residual disease after SCS was divided into no gross (R0), 1-9mm
(R1), and equal to or more than 10 mm residual disease (R2)

terms of tumor burden and sites since indications for SCS
was dependent on clinicians’ judgement, not on objective
assessment, although AGO score moderately correlated
with surgical outcomes in our study population. Despite
of these limitations, this is the first study to identify the
association between intervals and survivals in recurrent
ovarian cancer and can show several messages as fol-
lows. Clinicians performing SCS for platinum-sensitive
recurrent EOC should select patients in whom
complete resection is possible. Adjuvant chemotherapy
should be followed at a reasonable interval after SCS in
these patients, in whom the treatment goal is usually
palliative since there is no evidence that delayed
chemotherapy decreased oncological outcomes in this
study population.
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Conclusion

In recurrent EOC patients, not only patients’ selection who
might have no gross residual disease at SCS is important,
but surgeon should also put maximal effort to achieve
complete resection. Particularly concerns about possible
morbidities during SCS which would delay adjuvant
chemotherapy should not justify surgeons to forgo aggres-
sive procedures which may end up incomplete surgery.

Acknowledgements

This work was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government (MSIT) (2019R1F1A1063567).
We would like to thank Editage (www.editage.co.kr) for English language
editing.

Authors’ contributions

SYJ and YYL designed of the work and JWL and B-GK analyzed and
interpreted the patient data. CHC and TJK curated the patient data. SYJ was
a major contributor in writing the manuscript and BDS reviewed and edited
the manuscript. Y-YL was a supervisor of this manuscript. All authors read
and approved the final manuscript.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due to individual privacy, but are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the institutional review board (2019-03-009)
and the need for direct informed consent was waived according to ethical
guidelines.

Competing interests
The authors declare that they have no competing interests.

Received: 16 October 2019 Accepted: 17 December 2019
Published online: 31 December 2019

References

1. Heintz AP, Odicino F, Maisonneuve P, Quinn MA, Benedet JL, Creasman WT,
et al. Carcinoma of the ovary. FIGO 26th Annual Report on the Results of
Treatment in Gynecological Cancer. Int J Gynaecol Obstet. 2006,95(Suppl 1):
S161-92.

2. Wright JD, Chen L, Tergas Al, Patankar S, Burke WM, Hou JY, et al. Trends in
relative survival for ovarian cancer from 1975 to 2011. Obstet Gynecol. 2015;
125(6):1345-52.

3. Chan JK Cheung MK, Husain A, Teng NN, West D, Whittemore AS, et al.
Patterns and progress in ovarian cancer over 14 years. Obstet Gynecol.
2006;108(3 Pt 1):521-8.

4. Corrado G, Salutari V, Palluzzi E, Distefano MG, Scambia G, Ferrandina G.
Optimizing treatment in recurrent epithelial ovarian cancer. Expert Rev
Anticancer Ther. 2017;17(12):1147-58.

5. Pignata S, C Cecere S, Du Bois A, Harter P, Heitz F. Treatment of recurrent
ovarian cancer. Ann Oncol. 2017;28(suppl_8):viii51-viii6.

6. Tohme S, Simmons RL, Tsung A. Surgery for Cancer: a trigger for
metastases. Cancer Res. 2017;77(7):1548-52.

7. Fisher B, Gunduz N, Saffer EA. Influence of the interval between primary
tumor removal and chemotherapy on kinetics and growth of metastases.
Cancer Res. 1983;43(4):1488-92.

8. Gagliato Dde M, Gonzalez-Angulo AM, Lei X, Theriault RL, Giordano SH,
Valero V, et al. Clinical impact of delaying initiation of adjuvant
chemotherapy in patients with breast cancer. J Clin Oncol. 2014;32(8):
735-44.

9. Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King WD, Booth CM.
Association between time to initiation of adjuvant chemotherapy and
survival in colorectal cancer: a systematic review and meta-analysis. Jama.
2011;305(22):2335-42.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 9 of 10

Larsen E, Blaakaer J. Epithelial ovarian cancer: does the time interval
between primary surgery and postoperative chemotherapy have any
prognostic importance? Acta Obstet Gynecol Scand. 2009;88(4):373-7.
Uson PLJ, Bugano DD, Franca MS, Antunes YP, Taranto P, Kaliks RA, et al.
Does time-to-chemotherapy impact the outcomes of resected ovarian
Cancer? Meta-analysis of randomized and observational data. Int J Gynecol
Cancer. 2017;27(2):274-80.

Hofstetter G, Concin N, Braicu |, Chekerov R, Sehouli J, Cadron |, et al.
The time interval from surgery to start of chemotherapy significantly
impacts prognosis in patients with advanced serous ovarian carcinoma
- analysis of patient data in the prospective OVCAD study. Gynecol
Oncol. 2013;131(1):15-20.

Mahner S, Eulenburg C, Staehle A, Wegscheider K, Reuss A, Pujade-Lauraine
E, et al. Prognostic impact of the time interval between surgery and
chemotherapy in advanced ovarian cancer: analysis of prospective
randomised phase Ill trials. Eur J Cancer. 2013;49(1):142-9.

Anuradha S, Donovan PJ, Webb PM, Brand AH, Goh J, Friedlander M, et al.
Variations in adjuvant chemotherapy and survival in women with epithelial
ovarian cancer - a population-based study. Acta Oncol. 2016;55(2):226-33.
Tewari KS, Java JJ, Eskander RN, Monk BJ, Burger RA. Early initiation of
chemotherapy following complete resection of advanced ovarian cancer
associated with improved survival: NRG oncology/gynecologic oncology
group study. Anna Oncol. 2016,27(1):114-21.

EINaggar AC, Hade EM, O'Malley DM, Liang MI, Copeland LJ, Fowler JM,

et al. Time to chemotherapy in ovarian cancer: compliance with ovarian
cancer quality indicators at a National Cancer Institute-designated
Comprehensive Cancer Center. Gynecol Oncol. 2018;151(3):501-5.
Timmermans M, van der Aa MA, Lalisang RI, Witteveen PO, Van de Vijver KK,
Kruitwagen RF, et al. Interval between debulking surgery and adjuvant
chemotherapy is associated with overall survival in patients with advanced
ovarian cancer. Gynecol Oncol. 2018;150(3):446-50.

Lee YY, Lee JW, Lu L, Xu W, Kollara A, Brown T, et al. Impact of interval from
primary cytoreductive surgery to initiation of adjuvant chemotherapy in
advanced epithelial ovarian cancer. Int J Gynaecol Obstet. 2018;143(3):325-32.
Alieva M, van Rheenen J, Broekman MLD. Potential impact of invasive
surgical procedures on primary tumor growth and metastasis. Clin Exp
Metastasis. 2018;35(4):319-31.

Lange PH, Hekmat K, Bosl G, Kennedy BJ, Fraley EE. Acclerated growth of
testicular cancer after cytoreductive surgery. Cancer. 1980;45(6):1498-506.
Fisher B, Gunduz N, Coyle J, Rudock C, Saffer E. Presence of a growth-
stimulating factor in serum following primary tumor removal in mice.
Cancer Res. 1989;49(8):1996-2001.

Sertoli MR, Bruzzi P, Pronzato P, Queirolo P, Amoroso D, Del Mastro L, et al.
Randomized cooperative study of perioperative chemotherapy in breast
cancer. J Clin Oncol. 1995;13(11):2712-21.

Coffey JC, Smith MJ, Wang JH, Bouchier-Hayes D, Cotter TG, Redmond HP.
Cancer surgery: risks and opportunities. Bio Essays. 2006;28(4):433-7.

Yu KD, Huang S, Zhang JX, Liu GY, Shao ZM. Association between delayed
initiation of adjuvant CMF or anthracycline-based chemotherapy and
survival in breast cancer: a systematic review and meta-analysis. BMC
cancer. 2013;13:240.

Kolb BA, Buller RE, Connor JP, DiSaia PJ, Berman ML. Effects of early postoperative
chemotherapy on wound healing. Obstet Gynecol. 1992;79(6):988-92.

Chan JK, Java JJ, Fuh K, Monk BJ, Kapp DS, Herzog T, et al. The association
between timing of initiation of adjuvant therapy and the survival of early
stage ovarian cancer patients - an analysis of NRG oncology/gynecologic
oncology group trials. Gynecol Oncol. 2016;143(3):490-5.

Garcia-Soto AE, Java JJ, Nieves Neira W, Pearson JM, Cohn DE, Lele SB, et al.
Does time interval between surgery and intraperitoneal chemotherapy
administration in advanced ovarian cancer carry a prognostic impact? An
NRG oncology/gynecologic oncology group study ancillary study. Gynecol
Oncol. 2016;143(3):484-9.

Wright JD, Herzog TJ, Neugut Al, Burke WM, Lu YS, Lewin SN, et al. Effect of
radical cytoreductive surgery on omission and delay of chemotherapy for
advanced-stage ovarian cancer. Obstet Gynecol. 2012;120(4).871-81.
Wright J, Doan T, McBride R, Jacobson J, Hershman D. Variability in
chemotherapy delivery for elderly women with advanced stage ovarian
cancer and its impact on survival. Br J Cancer. 2008,98(7):1197-203.

Feng Z Wen H, Bi R, Yang W, Wu X. Prognostic impact of the time interval
from primary surgery to intravenous chemotherapy in high grade serous
ovarian cancer. Gynecol Oncol. 2016;141(3):466-70.


http://www.editage.co.kr

Jeong et al. Journal of Ovarian Research (2020) 13:1 Page 10 of 10

31. Bommert M, Harter P, Heitz F, du Bois A. When should Surgery be used for
Recurrent Ovarian Carcinoma? Clin Oncol (R Coll Radiol). 2018;30(8):493-7.

32. Harter P, Sehouli J, Reuss A, Hasenburg A, Scambia G, Cibula D, et al.
Prospective validation study of a predictive score for operability of recurrent
ovarian cancer: the multicenter intergroup study DESKTOP II. A project of
the AGO Kommission OVAR, AGO study group, NOGGO, AGO-Austria, and
MITO. Int J Gynecol Cancer. 2011;21(2):289-95.

33. Du Bois A, Vergote |, Ferron G, Reuss A, Meier W, Greggi S, et al.
Randomized controlled phase IIl study evaluating the impact of secondary
cytoreductive surgery in recurrent ovarian cancer: AGO DESKTOP III/ENGOT
0v20. J Clin Oncol. 2017;35(15_suppl):5501.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patient selection and data collection
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Availability of data and materials
	Ethics approval and consent to participate
	Competing interests
	References
	Publisher’s Note

