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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
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• Performance status, extent of surgery and complications correlated with timing of chemotherapy.
• Delayed start of chemotherapy was associated with impaired prognosis.
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Objective. Cytoreductive surgery and platinum-based systemic therapy constitute the standard treatment of
patients with advanced ovarian cancer. The aim of the present study was to evaluate whether the time interval
from surgery to start of chemotherapy has an impact on clinical outcome.

Methods. Data of 191 patients with advanced serous (FIGO III–IV) ovarian cancer from the prospective mul-
ticenter study OVCAD (OVarian CAncer Diagnosis) were analyzed. All patients underwent primary surgery
followed by platinum-based chemotherapy.

Results. The 25%, 50%, and 75% quartiles of intervals from surgery to start of chemotherapy were 22, 28, and
38 days, respectively (range, 4–158 days). Preoperative performance status (P b 0.001), extent of surgery

(P b 0.001), and perioperative complications (P b 0.001) correlated with intervals from surgery to initiation
of chemotherapy. Timing of cytotoxic treatment [≤28 days versus N28 days; hazard ratio (HR) 1.73 (95% confi-
dence interval 1.08–2.78), P = 0.022], residual disease [HR 2.95 (95% confidence interval 1.87–4.67), P b 0.001],
and FIGO stage [HR 2.26 (95% confidence interval 1.41–3.64), P = 0.001] were significant prognostic factors for
overall survival inmultivariate analysis.While the interval from surgery to start of chemotherapy did not possess
prognostic significance in patients without postoperative residual disease (n = 121), it significantly correlated
with overall survival in patients with postoperative residual disease [n = 70, HR 2.24 (95% confidence interval
1.08–4.66), P = 0.031].

Conclusion. Our findings suggest that delayed initiation of chemotherapy might compromise overall survival
in patients with advanced serous ovarian cancer, especially when suboptimally debulked.
© 2013 Elsevier Inc. All rights reserved.
d Obstetrics, Innsbruck Medical

.
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Introduction

Due to the lack of an effective screening method and unspecific
symptoms, 75% of patients with ovarian cancer are diagnosed in
advanced stages of the disease [1]. Current standard treatment consists
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of surgery aimed atmaximal cytoreduction andplatinum-based chemo-
therapy. Studies on which this practice is based did not define the opti-
mal timing of chemotherapy after surgery [2]. It is unclear whether
delayed commencement of cytotoxic treatment adversely affects prog-
nosis of patients with ovarian cancer. Patient factors such as postopera-
tive complications or health-system logistic factors such as delays in
referral or wait time may cause delays in time to chemotherapy. Most
clinicians, however, assume that adjuvant chemotherapy should com-
mence as soon as possible. This hypothesis is supported by studies in
animal models that show that the time interval from surgery to chemo-
therapy influences growth of metastases [3]. Also, clinical studies in pa-
tients with breast and colon cancer demonstrate an increasedmortality
among patients with delayed initiation of cytotoxic treatment [4,5].

To date, few studies have evaluated the prognostic importance of the
interval from surgery to chemotherapy in patients with ovarian cancer.
Initial reports did not observe an association between the timing of
cytotoxic treatment after surgery and survival [6–11]. Recently, two
studies reported an impaired prognosis in patients with a delayed
start of postoperative chemotherapy in elderly women and in patients
without residual tumor after primary surgery [12–14]. These results
must be interpreted with caution, as most studies included heteroge-
neous patient cohorts comprising various histological subtypes and
different chemotherapeutic regimens.

The aimof the present studywas to analyze theprognostic relevance
of the time interval from surgery to platinum-based chemotherapy in a
homogeneous group of patients with advanced serous ovarian cancer
enrolled in the prospective multicenter OVCAD (OVarian CAncer Diag-
nosis) study.

Patients and methods

Patients

Between August 2005 andDecember 2008, 275 consecutive patients
diagnosedwith primary advanced ovarian carcinoma at the Departments
of Gynecology and Obstetrics in Berlin (n = 98), Leuven (n = 79),
Hamburg (n = 46), Vienna (n = 42), and Innsbruck (n = 11) were
enrolled in the OVCAD (Ovarian Cancer Diagnosis of a Silent Killer) pro-
ject. This project aimed to investigate newpredictors for early detection
of minimal residual disease in epithelial ovarian cancer. Five European
gynecologic cancer centers prospectively enrolled epithelial ovarian
cancer (EOC) patients into this translational study. The OVCAD project
was funded by the EuropeanUnion (as a Sixth Framework ProgramPro-
ject; www.ovcad.eu). The main pathological, surgical, and chemothera-
py characteristics of the OVCAD patient cohort were published recently
[15].

Patients presenting with FIGO stages IIIA (n = 3), IIIB (n = 8), IIIC
(n = 147), and IV (n = 33) were analyzed in the present study. Histo-
logic subtypes comprised serous (n = 182), mixed serous [serous/
endometrioid (n = 1) and serous/clear cell (n = 4)], and undifferenti-
ated cases (n = 4). Performance status at time of diagnosis, classified
according to ECOG guidelines, was available in 183 patients [16]. All
patients underwent primary surgery. Postoperative residual disease
was defined as “microscopic” if all visible tumor lesions were removed
during surgery, rendering that patient with only microscopic residual
tumor cells. If complete gross resection of all visible tumor lesions was
not possible during surgery and the patient was left with residual
tumor lesions of any size or number, residual disease was classified as
“macroscopic”. The latter category is also referred to as “suboptimal
debulking”. Information on perioperative complications was available
in 185 patients. Intraoperative complications included bladder injury
(n = 2), ureteral injury (n = 1), intestinal injury (n = 1), vascular
injury (n = 2) and other operative injury (n = 1). Nine of 185 patients
required blood transfusions. Postoperative complications comprised
surgical site complications (n = 35), medical complications (n = 42),
infectious complications (n = 22) and reoperations (n = 22). A
composite score for the number of perioperative complicationswas cal-
culated [13].

All patients received chemotherapy comprising intravenous
carboplatin/taxane [1 cycle (n = 3), 3 cycles (n = 1), 4 cycles (n = 6),
5 cycles (n = 9), 6 cycles (n = 139), 7 cycles (n = 5), 8 cycles
(n = 4), and 9 cycles (n = 1)] or intraperitoneal platinum/taxane
(n = 13). In addition, nine patients were treated with single agent
carboplatin [2 cycles (n = 1), 3 cycles (n = 1), 6 cycles (n = 7)] and
one patient received carboplatin/liposomal doxorubicin because of an
allergic reaction to taxanes. Women treated with neoadjuvant chemo-
therapy were excluded (n = 53).

The ethics committees of the respective centers approved the study
protocol (EK207/2003,ML2524, HEK190504, EK366, EK260). All patients
signed written informed consent prior to enrollment.

Statistical analysis

TheMann–Whitney U and Kruskal–Wallis H test were performed to
examine the relationship between the time interval from surgery to
start of chemotherapy (in days) and categorical clinicopathological
parameters.

For survival analyses, caseswere divided at the 50th percentile of the
interval from surgery to start of chemotherapy into two groups (defined
as early versus late start of chemotherapy). Besides the 50th percentile
other cut-off values have also been evaluated as well as the interval
from surgery to start of chemotherapy as a continuum. Survival proba-
bilities were calculated with the product limit method of Kaplan and
Meier. The results were analyzed for the end points of progression-
free and overall survival. Progression-free survival was calculated from
the day of administration of the first cycle of chemotherapy to the day
when progressive disease, relapse, or death was reported, whichever
occurred first. Patients who had not experienced any unfavorable
event were censored at the last date they were known to have been
alive. Overall survival was defined as the time between diagnosis and
death. The median survival times were not determined as less than
50% of patients were dead at the time of analysis, thus 3-year survival
rates are provided.

The Cox proportional hazards model was used for multivariate anal-
ysis to assess the independence of different prognostic factors. Well-
known clinicopathological factors (age, FIGO stage, residual disease)
and prognosticators that yielded significant results in univariate analy-
sis (extent of surgery, center) were considered in multivariate analysis.
Statistical Package for the Social Sciences for Windows 18.0 software
(SPSS, Inc., Chicago, IL, USA) was used for all analyses. P-values b 0.05
were considered statistically significant.

Results

Clinicopathological parameters of the 191 patients with primary
advanced ovarian cancer are provided in Table 1. The median follow-up
was 42 months (range, 4–69 months).

The median time interval from primary surgery to the start of
platinum-based chemotherapy was 28 days (range, 4–158 days). The
25th and 75th percentiles are 22 and 38 days, respectively.

Preoperative ECOG performance status (P b 0.001), extent of prima-
ry surgery (P b 0.001), and perioperative complications (P b 0.001)
correlatedwith timing of chemotherapy. In addition, a significant corre-
lation between the postoperative interval and center (P b 0.001), but
not age at diagnosis, FIGO stage, tumor grading, or residual disease
after initial surgery was observed (Table 1).

Patients who received the first cycle of chemotherapy ≤28 days
after surgery had a significantly improved 3-year survival rate of 70%
as opposed to 60% in patients with a later (N28 days) start of cytotoxic
treatment (P = 0.041; Fig. 1A). In addition, age at diagnosis (P b 0.001),
FIGO stage (P b 0.001), tumor grading (P = 0.038), postoperative re-
sidual disease (P b 0.001), extent of surgery (P = 0.002), and center
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Table 1
Correlation between clinicopathological parameters and time interval from surgery to
start of chemotherapy (≤28 days versus N28 days) in 191 patients with advanced serous
ovarian cancer.

Parameter n Median interval
in days (range)

P-value⁎

Age at diagnosisa 0.149
≤57 years 98 27 (5–158)
N57 years 93 29 (4–139)

ECOG performance score b0.001
0 113 26 (4–105)
1 60 37.7 (5–158)
2/3 10 50.4 (19–127)

FIGO stage 0.332
IIIA 4 28 (5–158)
IIIB 8 38 (26–57)
IIIC, no lymph node metastasis 28 27.5 (5–60)
IIIC, lymph node metastasis 92 28.5 (14–158)
IIIC, unknown lymph node status 26 25.5 (13–139)
IV 33 27 (4–83)

Tumor grading 0.853
I/II 51 29 (14–127)
III 140 28 (4–158)

Postoperative residual disease 0.361
Microscopic 121 29 (5–158)
Macroscopic 70 27 (4–105)

Extent of surgeryb b0.001
No lymphadenectomy 30 22.5 (4–139)
Lymphadenectomy 65 27 (13–158)
Bowel resection 76 29.5 (5–127)
Splenectomy 20 31 (19–105)

Complication score b0.001
0 100 26.5 (5–105)
1 49 30 (15–158)
≥2 36 39 (19–139)

Center b0.001
Berlin 75 36 (5–158)
Hamburg 36 29 (18–105)
Innsbruck 7 18 (13–58)
Leuven 45 25 (4–139)
Vienna 28 26 (15–75)

⁎ Mann–Whitney U or Kruskal–Wallis H test.
a Cases were divided at the median age (57 years).
b Cases were divided into four groups according to the surgical procedures performed.
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(P = 0.002) were significantly associated with overall survival in uni-
variate analysis (Table 2). Multivariate evaluation of the interval from
surgery to start of chemotherapy considered age, FIGO stage, postoper-
ative residual disease, extent of surgery, and center. Interval from
surgery to initiation of cytotoxic treatment [hazard ratio 1.73 (95% con-
fidence interval 1.08–2.78), P = 0.022], postoperative residual disease
[hazard ratio 2.95 (95% confidence interval 1.87–4.67), P b 0.001], and
FIGO stage [hazard ratio 2.26 (95% confidence interval 1.41–3.64),
P = 0.001] were significantly associated with overall survival (Table 3).

Next, patients were excluded who had experienced platinum-
refractory or platinum-resistant recurrences (together, n = 46), resulting
in a subgroup of patients with presumably good response to primary
chemotherapy (n = 145). In univariate analysis, women with earlier
start of cytotoxic treatment showed a significantly longer overall sur-
vival than did women with later initiation of chemotherapy (3-year
overall survival rates 81% versus 68%, P = 0.031; Fig. 1B). Treatment
interval remained an independent prognostic factor for overall survival
[hazard ratio 2.19 (95% confidence interval 1.17–4.10), P = 0.015]
in multivariate analysis considering age, FIGO stage, postoperative
residual disease, extent of surgery, and center.

While the interval from surgery to start of chemotherapy (≤28 days
versus N 28 days) did not possess significant prognostic impact for pa-
tients without postoperative residual disease (n = 121, 3-year survival
rates 81% versus 72%, P = 0.157; Fig. 1C), it significantly correlatedwith
overall survival in patientswith postoperative residual disease (n = 70,
3-year survival rates 54% versus 34%, P = 0.031; Fig. 1D). Multivariate
analysis, considering age, FIGO stage, extent of surgery, and center
revealed that the interval from surgery to start of cytotoxic treatment
is an independent prognostic factor for overall survival in this subgroup
of patients [hazard ratio 2.24 (95% confidence interval 1.08–4.66),
P = 0.031].

Besides 28 days, other cut-off values for the time interval from sur-
gery to initiation of adjuvant chemotherapy (14, 21, 35, 42, 49, 63, and
84 days, respectively) have also been evaluated (Table 4). Furthermore,
the time interval was integrated as continuum in our multivariate
model (Table 4). There was no linear relationship between the time
interval from surgery to start of adjuvant chemotherapy and overall sur-
vival in general (time interval as continuous variable: HR 1.01, 95%CI
1.00–1.02, P = 0.077). In summary, these analyses revealed thatwithin
a time-window of three to six weeks after surgery the timing of adju-
vant chemotherapy is of prognostic value for overall survival, but not
before and after this time-window.

With respect to progression-free survival, univariate analysis
showed age at diagnosis (P = 0.004), FIGO stage (P b 0.001), tumor
grading (n = 0.034), postoperative residual disease (P = 0.001) and
extent of surgery (P b 0.001) to be significant prognostic markers in
the entire group of ovarian cancer patients (Table 2). The interval
from surgery to start of chemotherapy did not influence progression-
free survival in either the entire group of patients (3-year progression-
free survival rates 29% versus 23%, P = 0.700) or in the subgroup of
patients with good response to chemotherapy (3-year progression-
free survival rates 35% versus 30%, P = 0.937) or with postoperative
residual disease (3-year progression-free survival rates 18% versus
11%, P = 0.899).

Discussion

The present study demonstrates impaired overall survival in pa-
tients with advanced serous ovarian cancer and prolonged interval
from surgery to platinum-based chemotherapy.

A previous study similarly reported an impact of interval between
surgery and chemotherapy on prognosis. However, in contrast to the
present study, the authors found that only patientswithout residual dis-
ease are affected by the timing of chemotherapy initiation [14]. This dis-
crepancymay reflect key differences in the study population anddesign.
While a homogenous cohort is described here, their study focused on
patients with ovarian cancer of variable staging (FIGO IIB–IV) and
histology. In addition, their patients were enrolled in phase III trials
that required them to receive the first cycle of chemotherapy within
8 weeks after primary surgery (median 19 days). The interval found
in the present study (median 28 days) may better reflect actual clinical
practice. Finally, surgical management of ovarian cancer has substan-
tially changed since their patients were treated (1995–2002). Thus,
their patients with residual disease – forwhom timing of chemotherapy
following surgery had no impact on prognosis – could now perhaps be
optimally debulked using aggressive cytoreductive operations. Interest-
ingly, in the present study the timing of chemotherapy was of prognos-
tic significance only in patientswith postoperative residual disease. This
seems rational when speculating that microscopic residual disease will
not grow into large tumor deposits within the time to initiation of che-
motherapy. Large tumor masses with poor blood supply are believed to
be less responsive to chemotherapy. Thus, the timing of chemotherapy
might be more relevant in patients with postoperative residual disease.
Other studies did not observe an association between the timing of
postoperative chemotherapy and survival [6–11].

In accordance with a previous study comprising 3991 patients from
the Surveillance, Epidemiology, and End Results (SEER)—Medicare da-
tabase, the extent of primary surgery and occurrence of perioperative
complications were associated with delayed initiation of chemotherapy
[13]. Furthermore, in the present study the patients' performance status
correlated with the timing of adjuvant chemotherapy. All these factors
can potentially cause prolonged convalescence from cytoreductive
surgery. However, performance status and perioperative complications



Fig. 1. Time interval from surgery to start of chemotherapy (≤28 days versus N28 days, blue versus green line) is associatedwith overall survival (P = 0.041) in the entire group of patients
with advanced serous ovarian cancer (A). In the subgroup of patients with good response to chemotherapy (excluding patients with platinum-refractory or platinum-resistant
recurrences), an earlier start of chemotherapy correlated with improved overall survival (P = 0.031) (B). While the timing of postoperative chemotherapy did not influence overall
survival in women without postoperative residual disease (P = 0.157) (C), it significantly influenced overall survival (P = 0.031) in patients with postoperative residual disease (D).
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per se did not represent prognostic factors in the present study and in the
multivariate analysis considering the extent of primary surgery the
timing of chemotherapy remained independently associated with over-
all survival. A previous study of Wright et al. also showed a prognostic
impact of delayed initiation of postoperative chemotherapy [12]. How-
ever, solely a delay of more than 42 days was associated with a 13%
increase in overall mortality, while no survival benefit was seen when
chemotherapy was initiated less than 28 days postoperatively.

Experimental studies support the idea that prompt initiation of
chemotherapy can be crucial in patients with postoperative residual
disease. Surgery has been shown to increase the growth of metastatic
deposits viadifferentmechanisms. Removal of the primary tumor corre-
lated with a reduction in angiogenesis inhibitors, such as angiostatin
[17]. Wound fluid was found to contain an abundance of growth factors
and cytokines, such as transforming growth factor α, which can en-
hance tumor growth [18]. Also, surgery has been shown to temporarily
modulate the function of the immune system, for instance by abrogat-
ing antitumor effects of interleukin-2 and lymphokine-activated killer
cells [19].
Interestingly, there were strong differences in the timing of chemo-
therapy and the patients' outcome among the five participating centers.
Of note, the patient cohorts significantly differed between the five cen-
ters with respect to postoperative residual disease, surgical extent and
performance status (but not in FIGO stage, age, grading, and periopera-
tive complications). These differencesmay partially explain the unequal
timing of chemotherapy and outcome. They can possibly be related to
differential criteria for the use of neoadjuvant treatment, as solely pa-
tients who underwent primary surgery have been included into the
present study. This might have resulted in a center-specific selection
of patients. Furthermore, other factors, such as the organization of che-
motherapy administration in the respective center (inpatient or outpa-
tient setting), might have influenced the timing of adjuvant treatment.
Outcomedifferencesmay also be related to different treatment of recur-
rences, especially the practice of secondary debulking surgeries and
chemotherapeutic regimens.

In the present study the interval to initiation of chemotherapy
influenced overall survival but surprisingly not progression-free surviv-
al. We speculate that it is more difficult to determine a discriminating



Table 2
Prognostic relevance of clinicopathological parameters and time interval from surgery to
start of chemotherapy (≤28 days versus N 28 days), univariate analysis.

Parameter n 3-year
progression-free
survival

P-value 3-year
overall
survival

P-value

Age at diagnosisa 0.004 b0.001
≤57 years 98 33% 77%
N57 years 93 19% 53%

ECOG performance status
0 113 27% 0.798 66% 0.314
1 60 23% 64%
≥2 10 35% 74%

FIGO stage b0.001 b0.001
III 158 30% 71%
IV 33 7% 36%

Tumor grading 0.034 0.038
I/II 51 36% 72%
III 140 23% 63%

Postoperative residual disease 0.001 b0.001
Microscopic 121 32% 76%
Macroscopic 70 16% 46%

Extent of surgery b0.001 0.002
No lymphadenectomy 30 11% 47%
Lymphadenectomy 65 44% 82%
Bowel resection 76 18% 58%
Splenectomy 20 22% 63%

Complication score 0.652 0.053
0 100 30% 69%
1 49 22% 67%
≥2 36 25% 60%

Center 0.052 0.002
Berlin 75 34% 68%
Hamburg 36 15% 55%
Innsbruck 7 67% 86%
Leuven 45 17% 51%
Vienna 28 26% 86%

Interval from surgery to start
of chemotherapy

0.700 0.041

≤28 days 100 29% 70%
N28 days 91 23% 60%

a Cases were divided at the median age (57 years).

Table 4
Prognostic relevance of the time interval from surgery to initiation of chemotherapy using
different cut-off values and as continuous variable in multivariate analysis, considering
FIGO stage, postoperative residual disease, age, extent of surgery, and center.

Cut-offs
Interval from surgery to start of chemotherapy

Overall survival

Hazard ratio
(95% CA)

P-value

≤14 versus N14 days 1.18 (0.72–6.22) 0.176
≤21 versus N21 days 1.77 (0.96–3.27) 0.066
≤35 versus N35 days 1.63 (0.99–2.70) 0.056
≤42 versus N42 days 2.04 (1.16–3.59) 0.014
≤49 versus N49 days 1.67 (0.88–3.17) 0.120
≤63 versus N63 days 1.15 (0.50–2.67) 0.740
≤84 versus N84 daysa – –

Interval as continuous variable; per day 1.01 (1.00–1.02) 0.077

Abbreviation: CI— Confidence Interval.
a Analysis not performed due to small case numbers (only four patients started chemo-

therapy later than 84 days).
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parameter for progression rather than for death, as progression oc-
curred in the big majority of the examined patients, while death
occurred in a smaller proportion of patients until the end of follow-up
time. Another hypothesis is that the progression has occurred too
early to result in a statistically significant finding (in close timely prox-
imity to the parameter “interval between surgery and adjuvant chemo-
therapy”). However, on the other hand one could argue that an initial
effect of a parameter is diminished during a longer follow-up time
with consecutive multifold treatments.
Table 3
Prognostic relevance of time interval from surgery to initiation of platinum-based chemo-
therapy in multivariate analysis, considering FIGO stage, postoperative residual disease,
age, extent of surgery, and center.

Variablesa Overall survival

Hazard ratio
(95% CA)

P-value

Interval from
surgery to start of
chemotherapy

≤28 versus N28 days 1.73 (1.08–2.78) 0.022

FIGO stage III versus IV 2.26 (1.41–3.64) 0.001
Postoperative
residual disease

Microscopic versusmacroscopic 2.95 (1.87–4.67) b0.001

Age Per year 1.02 (1.00–1.04) 0.054
Extent of surgery TAH/BSO, omentectomy with

or without LAE versus bowel
resection or splenectomy

1.27 (0.80–2.02) 0.306

Abbreviations: CI — Confidence Interval, TAH — total abdominal hysterectomy, BSO —

bilateral salpingo oophorectomy, LAE— lymphadenectomy.
a Center was also considered in this analysis.
In conclusion, this study shows that a prolonged interval from sur-
gery to the initiation of platinum-based chemotherapy is associated
with impaired overall survival in the analyzed homogenous cohort of
advanced serous ovarian cancer patients, especiallywhen postoperative
residual disease is present. Factors that per se determine prolonged
recovery times or might influence the physician's decision to opt for
prolonged recovery times, such as age, performance status, extent of
surgery and perioperative complications, have been considered in the
present study.
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