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Relationship between initiation 
time of adjuvant chemotherapy and 
survival in ovarian cancer patients: 
a dose-response meta-analysis of 
cohort studies
Yi Liu1, Tiening Zhang2, Qijun Wu3, Yisheng Jiao1, Tingting Gong1, Xiaoxin Ma1 & Da Li1

Although several studies have previously investigated the association between the initiation time 
of adjuvant chemotherapy and survival in ovarian cancer, inconsistencies remain about the issue. 
We searched PubMed and Web of Science through the May 24, 2017 to identify cohort studies that 
investigated the aforementioned topic. Fourteen studies with 59,569 ovarian cancer patients were 
included in this meta-analysis. We conducted meta-analyses comparing the longest and shortest 
initiation time of adjuvant chemotherapy and dose-response analyses to estimate summary hazards 
ratios (HRs) and 95% confidence intervals (CIs). A random-effects model was used to estimate HRs 
with 95% CIs. When comparing the longest with the shortest category of initiation time of adjuvant 
chemotherapy, the summary HR was 1.18 (95% CI: 1.06–1.32; I2 = 17.6; n = 7) for overall survival. 
Additionally, significant dose-response association for overall survival was observed for each week 
delay (HR = 1.04; 95% CI: 1.00–1.09; I2 = 9.05; n = 5). Notably, these findings were robust in prospective 
designed cohort studies as well as studies with advanced stage (FIGO III-IV) patients. No evidence of 
publication bias was observed. In conclusion, prolonged initiation time of adjuvant chemotherapy is 
associated with a decreased overall survival rate of ovarian cancer, especially in patients with advanced 
stage ovarian cancer.

Epithelial ovarian cancer is the most lethal gynecologic malignancy1, 2, with nearly 22,280 new cases diagnosed 
in the United States resulting in 14,240 deaths in 20162. It is the seventh leading cause of cancer and the eighth 
leading cause of cancer related deaths among women worldwide1. Approximately 75% of patients with this dis-
ease are diagnosed in advanced stages3 which were probably attributed to no specific clinical manifestations and 
effective screening methods4. Relative survival at 5 years was 89%, 70%, 36%, and 17%, and at 10 years relative 
survival was 84%, 59%, 23%, and 8% for stages I, II III, and IV, respectively5. Due to the relatively poor prognosis 
and lack of standard treatment for advanced ovarian cancer currently, primary tumor resection surgery followed 
by Platinum-taxane chemotherapy is the most common and accepted treatment method6.

Several experimental studies7–9 showed that the remove of the primary cancer could promote cancer growth; 
likewise, time interval from surgery to chemotherapy influence the growth of metastasis, and an earlier start of 
chemotherapy offered a remarkable advantage in preventing systemic relapse. However, the relationship between 
initiation time of adjuvant chemotherapy in ovarian cancer and prognosis from epidemiological studies has 
remained controversial. Some studies10–12 suggested that shorter initiation time of adjuvant chemotherapy seems 
to have a predictive value for the prognosis of ovarian cancer patients. Nevertheless, other studies13–15 did not 
draw a clear conclusion about the aforementioned association. Additionally, there might be a difference in results 
when stratified by residual disease16, 17 which was one of the most important prognostic factors of ovarian cancer. 
A recent systematic literature review performed by Alexander et al.18 showed that the optimal initiation time of 
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adjuvant chemotherapy in ovarian cancer is unclear. However, without quantitative findings and subgroup and 
sensitivity analyses might limit the interpretation of their results. To the best of our knowledge, there has been no 
quantitative assessment and dose-response analysis of published findings on this topic. Notably, several important 
studies13, 19, 20 with large sample sizes were published after their study. Herein, to update the evidence as well as 
further clarify the relationship between initiation time of adjuvant chemotherapy and the prognosis of ovarian 
cancer patients, we carried out this dose-response meta-analysis of epidemiological studies.

Result
Search results and characteristics of included studies. The literature search strategy yielded 5,277 
studies for eligibility from the databases of PubMed and Web of Science. After carefully screening each title and 
abstract, 26 studies were included for full reviews of original articles. Of these, 11 were excluded because of the 
inclusion and exclusion criteria. Finally, 15 studies10–13, 15, 19–28 were included in the present meta-analysis (Fig. 1). 
The detail characteristics of these 15 studies are demonstrated in the Table S1 in the supplement. A total of 59,569 
ovarian cancer cases were included.

Quality assessment. The methodological quality of all studies is depicted in the Table S2 in the supple-
ment. The major differences among these studies were comparability and outcome, especially in adjustments for 
potential confounders and duration of follow-up. Only five of 15 studies adjusted for two defined confounders 
(FIGO stage and residual disease) and received full scores. Additionally, ten studies followed their ovarian cancer 
patients more than twenty-four months.

Longest compared with shortest category of initiation time of adjuvant chemotherapy. Six 
observational studies provided the data on the longest compared with the shortest initiation time of adjuvant 
chemotherapy. The summary HR of OS was 1.16 (95% CI: 1.04–1.29) with moderate heterogeneity (I2 = 67%, 
P = 21.2) (Fig. 2). There was no evidence of publication bias, both quantitatively (P = 0.88 for Begg and P = 0.16 
for Egger) and qualitatively, on visual inspection of the funnel plot.

Several post hoc subgroup analyses stratified by study characteristics and adjustment for potential confound-
ers were carried out (Table 1). In five prospective studies, longer initiation time of adjuvant chemotherapy was 
associated with a significant 22% risk decrease in OS of ovarian cancer. Subgroup analysis on geographic location, 
number of cases, FIGO stage, and chemotherapy, yielded similar results in European studies, studies with more 
than 600 cases, studies with FIGO III–IV stage patients, and studies with platinum based plus Taxane chemother-
apy. Additionally, when stratified by whether there had been an adjustment for potential confounders, similar 
results were observed in studies with adjustment for FIGO and residual disease. Notably, there was no evidence 
of significant heterogeneity between subgroup analyses in meta-regression analysis. In a sensitivity analysis, we 

Figure 1. Flow-chart of study selection.
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sequentially removed one study at a time and reanalyzed the data. The seven study-specific HRs ranged from a 
low of 1.14 (95% CI: 1.02–1.27, I2 = 7.05%, P = 0.22) after omitting the study by Seagle et al.25 to a high of 1.25 
(95% CI: 1.16–1.34, I2 = 5.48%, P = 0.36) after omitting the study by Feng et al.13.

Dose-response analysis of initiation time of adjuvant chemotherapy. Four observational studies 
provided the sufficient data on dose-response analysis of initiation time of adjuvant chemotherapy. The sum-
mary HR was 1.04 (95% CI: 1.00–1.09) with moderate heterogeneity (I2 = 55.8%, P = 0.06) (Fig. 3). There was no 
evidence of publication bias, both quantitatively (P = 0.62 for Begg and P = 0.65 for Egger) and qualitatively, on 
visual inspection of the funnel plot.

Although positive associations were observed in the majority of these subgroup analyses, not all of them 
showed statistical significance (Table 2). Similar to the results of the longest versus the shortest analysis, there was 
no evidence of significant heterogeneity between subgroup analyses in meta-regression analysis. In a sensitivity 
analysis, we sequentially removed one study at a time and reanalyzed the data. The 4 study-specific HRs ranged 
from a low of 1.01 (95% CI: 1.00–1.02, I2 = 2.75%, P = 0.43) after omitting the study by Heo et al.19 to a high of 
1.06 (95% CI: 1.01–1.12, I2 = 4.12%, P = 0.25) after omitting the study by Seagle et al.25.

Discussion
The present meta-analysis comprehensively and systematically summarized the evidence from 15 cohort studies 
and found that early initiation of chemotherapy will improve the OS rates of patients with ovarian cancer. Relative 
OS decreases by 4% for each week in delay of initiating adjuvant chemotherapy. This finding was consistent in 
patients with FIGO III-IV stage. In the clinical practice, initiation time of adjuvant chemotherapy may need to 
be carefully considered by physicians when discussing adjuvant chemotherapy with ovarian cancer patients after 
surgery.

Currently, primary tumor resection surgery followed by platinum-taxane chemotherapy has been the most 
common and well-accepted treatment method for ovarian cancer patients6 while the optional initiation time of 
adjuvant chemotherapy has remained unclear. A recent systematic literature review carried out by Alexander et al.18  
evaluated the association between initiation time of adjuvant chemotherapy and survival in six priority cancers. 
However, limited evidence of ovarian cancer was provided which might be attributed to a lack of quantitative 
assessments, dose-responses, subgroups and sensitivity analyses in their study. Additionally, since the relatively 
earlier search date of their study (April 2014), in the recent two years several studies with large sample sizes have 
been published. For example, Tewari et al.20 carried out a post-trial ad hoc analysis on the basis of 1,718 ovarian 
cancer patients from a phase III randomized, double-blind, placebo-controlled trial. They suggested that initia-
tion time of adjuvant chemotherapy was predictive of overall survival. Notably, when initiation time of adjuvant 
chemotherapy exceeded 25 days, the complete resection group (i.e., stage IV) encountered an increased risk of 
death. Additionally, two recent retrospective cohort studies13, 19 from Asia published their results, although one 
of them is a meeting abstract19. Several potential biological theoretical rationales may explain the benefits of ini-
tiating adjuvant chemotherapy without delay after curative surgery. Gunduz et al.9 suggested that resection of the 
tumor could increase the tumor growth which may result from a conversion of non-cycling cells in G0 phase into 
proliferation. Similarly, surgery has been shown to temporarily modulate the function of the immune system; for 
instance, antitumor effects of interleukin-2 and lymphokine-activated killer cells will be significantly reduced by 
the performance of a laparotomy29. Additionally, in animal models, peri-operative chemotherapy demonstrated a 
significant advantage in preventing systemic relapse and a short time span to chemotherapy resulted in the most 

Figure 2. Forest plots of the relationship between the interval from surgery to chemotherapy and overall 
survival of patients with ovarian cancer (longest compared with shortest interval). Squares indicate study-
specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 
95% CIs; diamonds indicate the summary hazards ratio with its 95% CI. HR: hazards ratio.
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effective control of metastases7, 8. After primary surgery, a large proportion of tumor cells will grow rapidly, and 
thus, the earlier chemotherapy is started, the greater the chance that the chemotherapy treatment will control the 
residual disease.

To the best of our knowledge, this is the first meta-analysis comprehensively and quantitatively evaluating the 
effect of initiation time of adjuvant chemotherapy in ovarian cancer patients. On the basis of 59,569 cases from 
15 cohort studies, we have sufficient statistical evidence to detect the aforementioned association and further 
reinforce earlier results of previous meta-analysis. Additionally, numerous subgroup analyses were carried out to 
increase the robustness as well as to explore the heterogeneity. Notably, we first provided evidence that advanced 
ovarian cancer patients (FIGO III–IV) should consider shorter initiation time of adjuvant chemotherapy to 
improve their survival. Our meta-analysis also had several limitations. Firstly, we included both prospective and 
retrospective cohort studies in the present meta-analysis. However, compared to prospective cohort studies, ret-
rospective cohort studies might be limited by recall bias. Although we found no evidence of differences between 
these two study designs, the point estimate of prospective cohort studies was slightly stronger than retrospective 
cohort studies (1.22 versus 1.08). Secondly, administration of chemotherapy could be delayed by various factors 
including purpose of patients, age, performance status, and peri-operative co-morbidity in clinical practice that 
might impact the outcomes. Although positive findings were observed in subgroup analyses stratified by whether 
there was an adjustment for potential confounders (FIGO, histology, and residual disease), not all of them showed 
significance which might be partly attributed to the limited included studies. Therefore, we could not rule out the 
possibility that there might exist other potential confounders that not be adjusted by most of the studies affecting 
the results. Thus, further analyses adjusting or stratification for more confounders are needed. Thirdly, since 
there are no specific clinical manifestations and effective screening methods, over 75% ovarian cancer patients 
are diagnosed in advanced stages3. For example, although six studies mentioned that they included patients in 
all stages of the disease, the majority of these cases were in the advanced stages of the disease. The findings of the 
present meta-analysis should be interpreted with caution in patients with early stage ovarian cancer. Additionally, 

No. of Study Summary HR 95% CI I2 (%) Ph
† Ph

‡

Overall survival 8 1.16 1.04–1.29 67 21.2

Subgroup analyses

Study design 0.02

Prospective 5 1.22 1.02–1.46 48.7 0.10

Retrospective 3 1.08 1.01–1.15 0 0.88

Geographic location 0.45

Asia 1 1.06 0.80–1.38 N/A N/A

North America 3 1.11 0.94–1.32 87.7 0

Europe 4 1.25 1.05–1.49 21.6 0.28

Number of cases 0.77

<600 4 1.16 0.83–1.62 60.6 0.06

≥600 4 1.15 1.02–1.29 77.6 0

FIGO stage 0.93

All 3 1.09 0.93–1.28 0 0.81

III–IV 4 1.23 1.07–1.42 81.5 0

I–II 1 0.78 0.51–1.19 N/A N/A

Residual disease

Yes 1 0.69 0.30–1.60 N/A N/A

No 1 1.35 0.51–3.57 N/A N/A

Chemotherapy 0.66

Platinum based 2 1.26 0.98–1.63 7.8 0.30

Platinum based plus Taxane 5 1.17 1.04–1.32 65.9 0.01

Adjustment for potential confounders

FIGO 0.58

Yes 7 1.16 1.04–1.30 70.9 0.26

No 1 0.92 0.48–1.77 N/A N/A

Histology 0.58

Yes 5 1.07 0.91–1.26 36.7 0.18

No 3 1.26 1.19–1.34 0 0.51

Residual Disease 0.37

Yes 5 1.22 1.10–1.36 23.5 0.26

No 3 1.09 0.89–1.34 62.6 0.07

Table 1. Summary risk estimates of the associations between initiation time of adjuvant chemotherapy and 
overall survival in ovarian cancer patients (longest versus shortest). Abbreviations: CI, confidence interval; 
FIGO, International Federation of Gynecology and Obstetrics; HR, hazards ratio; N/A, not available.
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Figure 3. Forest plots of the relationship between the interval from surgery to chemotherapy and overall 
survival of patients with ovarian cancer (per week increments). Squares indicate study-specific risk estimates 
(size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; diamond 
indicates the summary hazards ratio with its 95% CI. HR: hazards ratio.

No. of Study Summary HR 95% CI I2 (%) Ph
† Ph

‡

Overall survival 5 1.04 1.00–1.09 55.8 0.06

Subgroup analyses

Study design 0.82

Prospective 2 1.06 1.00–1.12 0 0.53

Retrospective 3 1.04 0.97–1.13 69.1 0.04

Geographic location 0.29

Asia 1 1.15 1.04–1.27 N/A N/A

North America 2 1.01 1.00–1.02 0 0.86

Europe 2 1.06 1.00–1.12 0 0.53

Number of cases 0.13

<600 3 1.07 1.00–1.15 44.2 0.17

≥600 2 1.01 1.00–1.02 55.8 0.07

FIGO 0.84

All 1 1.03 0.93–1.14 N/A N/A

III-IV 4 1.05 0.99–1.11 66.4 0.03

Residual disease

Yes 1 1.09 1.01–1.78 N/A N/A

No 1 0.98 0.94–1.03 N/A N/A

Chemotherapy 0.19

Platinum based 1 1.00 0.90–1.11 N/A N/A

Platinum based plus Taxane 3 1.02 0.99–1.05 26.2 0.26

N/A 1 1.15 1.04–1.27 N/A N/A

Adjustment for potential confounders

FIGO 0.84

Yes 4 1.05 0.99–1.11 66.4 0.03

No 1 1.03 0.93–1.14 N/A N/A

Histology 0.48

Yes 3 1.02 0.99–1.05 26.2 0.26

No 2 1.07 0.94–1.23 72.0 0.06

Residual Disease 0.65

Yes 1 1.07 1.00–1.15 N/A N/A

No 4 1.04 0.98–1.09 54.6 0.09

Table 2. Summary risk estimates of the associations between initiation time of adjuvant chemotherapy and 
overall survival in ovarian cancer patients (per week increments). Abbreviations: CI, confidence interval; FIGO, 
International Federation of Gynecology and Obstetrics; HR, hazards ratio; N/A, not available.
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small-study bias, such as publication bias, might be an issue in meta-analyses, however, we failed to detect sta-
tistical evidence in the present study. Finally, although dose-response analyses were carried out in the present 
study, considering the limited available data, we failed to evaluate whether there was evidence for a nonlinear 
aforementioned association.

In conclusion, the present meta-analysis suggests that early initiation of adjuvant chemotherapy after surgery 
will improve the overall survival rates of ovarian cancer patients, especially in patients with advanced stage can-
cer. Future prospective clinical trials randomizing patients to different time intervals are warranted to confirm 
our findings as well as to further clarify the definitive relevance of the time between surgery and chemotherapy. 
Consequently, longer initiation time of adjuvant chemotherapy should be advised as little as possible in clinical 
practice when treating ovarian cancer patients after surgery, especially for these patients with advanced stage 
cancer.

Materials and Methods
Search strategy. Two investigators (YiLiu and Tiening Zhang) carried out a systematic literature search 
of PubMed and Web of Science databases and extracted data up to May 24, 2017 for all relevant epidemiologi-
cal studies without restriction. The language restriction was imposed on English and following keywords were 
employed in the search: (ovary OR ovarian) AND (cancer OR neoplasm OR tumor OR carcinoma) AND (time 
OR interval) AND (survival OR mortality). We followed standard criteria for conducting and reporting this 
meta-analysis30. Additionally, we also included an unpublished study19 and searched the reference sections of the 
studies that were included in our study to identify publications for further potentially relevant articles31–34.

Study selection criteria. Titles, abstracts, and articles for eligibility using the following criteria was reviewed 
by two investigators (YiLiu and Tiening Zhang) independently. The study was included if it accorded with follow-
ing criteria (1) evaluated and clearly defined the time interval between primary surgery to inception of adjuvant 
chemotherapy as exposure, (2) reported ovarian cancer survival (progression-free or OS), (3) reported hazards 
ratios (HR) and 95% confidence interval (CIs) for aforementioned association. Studies were excluded if they: 
(1) were reviews without original data, ecological studies, editorials, or case reports and (2) failed to evaluate the 
aforementioned association as well as to report HR and 95% CI or the data necessary for calculating these risk esti-
mates. Only data from the most recent comprehensive report were included when there were multiple publications 
from the same population. Any discrepancy was resolved by discussion with third investigator (Qijun Wu)34–37.

Data extraction and quality assessmenth. From each study we extracted data on the first author, pub-
lication year, country, study design, numbers of cases within the cohorts, regimens of chemotherapy, tumor char-
acteristics, time to chemotherapy (category/continuous), risk estimates and 95% CI and adjustment confounders. 
Extracted data were entered into a standardized Excel (Microsoft Corporation) file. We also sought supplemen-
tary appendixes of included studies38–40. Discrepancies were resolved by discussion. Data extraction was per-
formed by YiLiu and confirmed independently by the other authors (Tiening Zhang and Qijun Wu) for accuracy.

Additionally, the methodological quality of included epidemiological studies was independently assessed by 
YiLiu using the Newcastle-Ottawa scale (NOS) and confirmed by the other investigator (Tiening Zhang)41, 42. 
According to the NOS, The included studies were evaluated across three categories: selection, comparability, and 
exposure/outcome. Since quality scoring of these included studies might not only hide important information 
by combining disparate study features into a single score, but also introduce an arbitrary subjective element into 
the analysis, we described these studies instead of dividing them into categories of high or low quality utilizing a 
scoring system.

Statistical analysis. For studies that reported the risk estimates stratified by residual disease and race, we 
used a previously described counting method proposed by Hamling et al.43 to recalculate the HR and 95% CI. We 
used the main cut-off values mentioned in the manuscripts for studies that reported the risk estimates using dif-
ferent cut-off values. In dose-response analysis, for studies that reported the risk estimates for each day increment 
in initiation time of adjuvant chemotherapy, we used the methods first carried out by Danesh et al.44 to transfer 
the information into per week increments.

Since these included studies differed both clinically and methodologically, we report the results from the 
DerSimonian and Laird random effects models over the fixed effects model45. If no heterogeneity exits in the 
pooled data, results of random and fixed effects models are the same, and if significant heterogeneity is present, a 
random effects model is more conservative45. Therefore, the random effects model, which considered both within- 
and between-study variation, was used to calculate summarized HR and 95% CIs. I2 statistic was used to quantify 
the heterogeneity across studies. I2 > 50% indicated significant heterogeneity. Subsequently, to explore the heter-
ogeneity as well as check the influence of various factors on initiation time of adjuvant chemotherapy of ovarian 
cancer survival, we further carried out post hoc subgroup analyses stratified by study design (prospective versus 
retrospective), geographical location (Asia, North America, and Europe), number of cases (<600 versus ≥ 600), 
FIGO (International Federation of Gynecology and Obstetrics) stage (all, III-IV versus I-II), residual disease 
(yes versus no), chemotherapy (Platinum based, Platinum based plus Taxane versus N/A), and adjustment for 
potential confounders (FIGO, histology, and residual disease). Heterogeneity between subgroups was evaluated 
by meta-regression, which can be used to explore reasons for heterogeneity when trials, not patients, are pooled46. 
Sensitivity analyses were carried out to examine the influence of individual data sets on the overall estimate by 
deleting each study in turn. Small-study bias, such as publication bias, was assessed with visually inspecting a funnel 
plot for asymmetry as well as by the test developed by Egger et al.47 and Begg and Mazumdar48. To avoid the results 
were driven by one large study or by a study with an extreme result, we carried out sensitivity analyses excluding one 
study at a time to explore whether All statistical analyses were performed with Stata 12.0 (StataCorp LP).



www.nature.com/scientificreports/

7SCiEntifiC RepoRTS | 7: 9461  | DOI:10.1038/s41598-017-10197-1

References
 1. Ferlay, J. et al. Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer 

136, E359–86 (2015).
 2. Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2016. CA Cancer J Clin 66, 7–30 (2016).
 3. Jemal, A. et al. Global cancer statistics. CA Cancer J Clin 61, 69–90 (2011).
 4. Khalid, U. et al. MicroRNA-21 (miR-21) expression in hypothermic machine perfusate may be predictive of early outcomes in 

kidney transplantation. Clin Transplant 30, 99–104 (2016).
 5. Baldwin, L. A. et al. Ten-year relative survival for epithelial ovarian cancer. Obstet Gynecol 120, 612–8 (2012).
 6. du Bois, A. et al. 2004 consensus statements on the management of ovarian cancer: final document of the 3rd International 

Gynecologic Cancer Intergroup Ovarian Cancer Consensus Conference (GCIG OCCC 2004). Ann Oncol 16 Suppl 8, viii7–viii12 
(2005).

 7. Fisher, B., Gunduz, N. & Saffer, E. A. Influence of the interval between primary tumor removal and chemotherapy on kinetics and 
growth of metastases. Cancer Res 43, 1488–92 (1983).

 8. Bell, R. S. et al. Timing of chemotherapy and surgery in a murine osteosarcoma model. Cancer Res 48, 5533–8 (1988).
 9. Gunduz, N., Fisher, B. & Saffer, E. A. Effect of surgical removal on the growth and kinetics of residual tumor. Cancer Res 39, 3861–5 

(1979).
 10. Hofstetter, G. 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 131, 15–20 (2013).
 11. Mahner, S. et al. Prognostic impact of the time interval between surgery and chemotherapy in advanced ovarian cancer: analysis of 

prospective randomised phase III trials. Eur J Cancer 49, 142–9 (2013).
 12. Wright, J. D. et al. Effect of radical cytoreductive surgery on omission and delay of chemotherapy for advanced-stage ovarian cancer. 

Obstet Gynecol 120, 871–81 (2012).
 13. Feng, Z., Wen, H., Bi, R., Yang, W. T. & Wu, X. H. Prognostic impact of the time interval from primary surgery to intravenous 

chemotherapy in high grade serous ovarian cancer. Gynecol Oncol 141, 466–470 (2016).
 14. Gadducci, A. et al. Relationship between time interval from primary surgery to the start of taxane- plus platinum-based 

chemotherapy and clinical outcome of patients with advanced epithelial ovarian cancer: results of a multicenter retrospective Italian 
study. J Clin Oncol 23, 751–8 (2005).

 15. Flynn, P. M., Paul, J. & Cruickshank, D. J. Does the interval from primary surgery to chemotherapy influence progression-free 
survival in ovarian cancer? Gynecol Oncol 86, 354–7 (2002).

 16. Elattar, A., Bryant, A., Winter-Roach, B.A., Hatem, M. & Naik, R. Optimal primary surgical treatment for advanced epithelial 
ovarian cancer. Cochrane Database Syst Rev, CD007565 (2011).

 17. Chang, S. J. & Bristow, R. E. Evolution of surgical treatment paradigms for advanced-stage ovarian cancer: redefining ‘optimal’ 
residual disease. Gynecol Oncol 125, 483–92 (2012).

 18. Alexander, M. et al. Timely initiation of chemotherapy: a systematic literature review of six priority cancers - results and 
recommendations for clinical practice. Intern Med J 47, 16–34 (2017).

 19. Heo, E. J. et al. Impact of interval from definitive surgery to initiation of adjuvant chemotherapy (ISC) on survival for advanced 
epithelial ovarian cancer. Int J Gynecol Cancer 251, 454–456 (2015).

 20. Tewari, K. S., Java, J. J., Eskander, R. N., Monk, B. J. & Burger, R. A. Early initiation of chemotherapy following complete resection of 
advanced ovarian cancer associated with improved survival: NRG Oncology/Gynecologic Oncology Group study. Ann Oncol 27, 
114–21 (2016).

 21. Aletti, G. D., Long, H. J., Podratz, K. C. & Cliby, W. A. Is time to chemotherapy a determinant of prognosis in advanced-stage ovarian 
cancer? Gynecol Oncol 104, 212–6 (2007).

 22. Paulsen, T., Kaern, J., Kjaerheim, K., Haldorsen, T. & Trope, C. Influence of interval between primary surgery and chemotherapy on 
short-term survival of patients with advanced ovarian, tubal or peritoneal cancer. Gynecol Oncol 102, 447–52 (2006).

 23. Sorbe, B. Prognostic importance of the time interval from surgery to chemotherapy in treatment of ovarian carcinoma. Int J Gynecol 
Cancer 14, 788–93 (2004).

 24. Warwick, J. et al. Long-term follow-up of patients with advanced ovarian cancer treated in randomised clinical trials. Br J Cancer 72, 
1513–7 (1995).

 25. Seagle, B. L., Butler, S. K., Strohl, A. E., Nieves-Neira, W. & Shahabi, S. Chemotherapy delay after primary debulking surgery for 
ovarian cancer. Gynecol Oncol 144, 260–265 (2017).

 26. Chan, J. K. 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 143, 490–495 (2016).

 27. Garcia-Soto, A. E. 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 143, 
484–489 (2016).

 28. Lydiksen, L., Jensen-Fangel, S. & Blaakaer, J. Is it possible to define an optimal time for chemotherapy after surgery for ovarian 
cancer? Gynecol Oncol 133, 454–9 (2014).

 29. Eggermont, A. M., Steller, E. P. & Sugarbaker, P. H. Laparotomy enhances intraperitoneal tumor growth and abrogates the antitumor 
effects of interleukin-2 and lymphokine-activated killer cells. Surgery 102, 71–8 (1987).

 30. Stroup, D. F. et al. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational 
Studies in Epidemiology (MOOSE) group. JAMA 283, 2008–12 (2000).

 31. Wu, Q. J. et al. Cruciferous vegetables intake and the risk of colorectal cancer: a meta-analysis of observational studies. Ann Oncol 
24, 1079–87 (2013).

 32. Luan, N. N. et al. Breastfeeding and ovarian cancer risk: a meta-analysis of epidemiologic studies. Am J Clin Nutr 98, 1020–31 
(2013).

 33. Gong, T. T., Wu, Q. J., Vogtmann, E., Lin, B. & Wang, Y. L. Age at menarche and risk of ovarian cancer: a meta-analysis of 
epidemiological studies. Int J Cancer 132, 2894–900 (2013).

 34. Hou, R., Wu, Q. J., Gong, T. T. & Jiang, L. Dietary fat and fatty acid intake and epithelial ovarian cancer risk: evidence from 
epidemiological studies. Oncotarget 6, 43099–119 (2015).

 35. Wu, Q. J. et al. Statin use and breast cancer survival and risk: a systematic review and meta-analysis. Oncotarget 6, 42988–3004 
(2015).

 36. Wu, Q. J. et al. Parity and endometrial cancer risk: a meta-analysis of epidemiological studies. Sci Rep 5, 14243 (2015).
 37. Gong, T. T., Wang, Y. L. & Ma, X. X. Age at menarche and endometrial cancer risk: a dose-response meta-analysis of prospective 

studies. Sci Rep 5, 14051 (2015).
 38. Zhang, T. N. et al. Use of selective serotonin-reuptake inhibitors in the first trimester and risk of cardiovascular-related 

malformations: a meta-analysis of cohort studies. Sci Rep 7, 43085 (2017).
 39. Shen, Z. Q. et al. Sertraline use in the first trimester and risk of congenital anomalies: a systemic review and meta-analysis of cohort 

studies. Br J Clin Pharmacol 83, 909–922 (2017).
 40. Gao, S.Y. et al. Fluoxetine and congenital malformations: a systematic review and meta-analysis of cohort studies. Br J Clin 

Pharmacol, doi:10.1111/bcp.13321 (2017).

http://dx.doi.org/10.1111/bcp.13321


www.nature.com/scientificreports/

8SCiEntifiC RepoRTS | 7: 9461  | DOI:10.1038/s41598-017-10197-1

 41. Wu, Q. J. et al. Consumption of fruit and vegetables reduces risk of pancreatic cancer: evidence from epidemiological studies. Eur J 
Cancer Prev 25, 196–205 (2016).

 42. Luan, N. N. et al. Nonlinear reduction in risk for colorectal cancer by oral contraceptive use: a meta-analysis of epidemiological 
studies. Cancer Causes Control 26, 65–78 (2015).

 43. Hamling, J., Lee, P., Weitkunat, R. & Ambuhl, M. Facilitating meta-analyses by deriving relative effect and precision estimates for 
alternative comparisons from a set of estimates presented by exposure level or disease category. Stat Med 27, 954–70 (2008).

 44. Danesh, J. et al. Plasma fibrinogen level and the risk of major cardiovascular diseases and nonvascular mortality: an individual 
participant meta-analysis. JAMA 294, 1799–809 (2005).

 45. Huang, Y., Cai, X., Mai, W., Li, M. & Hu, Y. Association between prediabetes and risk of cardiovascular disease and all cause 
mortality: systematic review and meta-analysis. BMJ 355, i5953 (2016).

 46. Fletcher, R. et al. Clinical Epidemiology the essentials fifth edition. 209–24 (2012).
 47. Egger, M., Davey, S. G., Schneider, M. & Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 315, 629–34 

(1997).
 48. Begg, C. B. & Mazumdar, M. Operating characteristics of a rank correlation test for publication bias. Biometrics 50, 1088–101 (1994).

Acknowledgements
This work was supported by the Natural Science Foundation of China [No. 81602918 for Qijun Wu and No. 
81402130 for Da Li], Doctoral Start-up Foundation of Liaoning Province [201501007 for Qijun Wu and No. 
20141045 for Da Li], the Fok Ying Tung Education Foundation [No. 151039 for Da Li], and the Campus Research 
Fund of China Medical University [No. YQ20160004 to Da Li and No. YQ20170002 to Qijun Wu]. Qijun Wu was 
supported by the Fogarty International Clinical Research Scholars and Fellows Support Center at the Vanderbilt 
Institute for Global Health, funded by the Fogarty International Center, NIH, through an R24 Training Grant 
[D43 TW008313 to Xiao-Ou Shu].

Author Contributions
Y.L., T.-N.Z., Q.-J.W., and D.L. designed research; Y.L., T.-N.Z., and Q.-J.W. conducted research; Yi Liu, T.-N.Z., 
Qijun Wu, and D.L. analyzed data; Yi Liu, T.-N.Z., Q.-J.W., D.L., Y.-S.J., T.-T.G. and X.-X.M. wrote the draft; All 
authors read, reviewed and approved the final manuscript. Q.-J.W. and D.L. had primary responsibility for final 
content.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-10197-1
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1038/s41598-017-10197-1
http://creativecommons.org/licenses/by/4.0/

	Relationship between initiation time of adjuvant chemotherapy and survival in ovarian cancer patients: a dose-response meta ...
	Result
	Search results and characteristics of included studies. 
	Quality assessment. 
	Longest compared with shortest category of initiation time of adjuvant chemotherapy. 
	Dose-response analysis of initiation time of adjuvant chemotherapy. 

	Discussion
	Materials and Methods
	Search strategy. 
	Study selection criteria. 
	Data extraction and quality assessmenth. 
	Statistical analysis. 

	Acknowledgements
	Figure 1 Flow-chart of study selection.
	Figure 2 Forest plots of the relationship between the interval from surgery to chemotherapy and overall survival of patients with ovarian cancer (longest compared with shortest interval).
	Figure 3 Forest plots of the relationship between the interval from surgery to chemotherapy and overall survival of patients with ovarian cancer (per week increments).
	Table 1 Summary risk estimates of the associations between initiation time of adjuvant chemotherapy and overall survival in ovarian cancer patients (longest versus shortest).
	Table 2 Summary risk estimates of the associations between initiation time of adjuvant chemotherapy and overall survival in ovarian cancer patients (per week increments).




