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Abstract

Background

Maintenance therapy with targeted agents for prolonging remission for ovarian cancer

patients remains controversial. As a result, a meta-analysis was conducted to assess the

effectiveness and safety of using maintenance therapy with targeted agents for the treat-

ment of ovarian cancer.

Methods

From inception to January 2015, we searched for randomized, controlled trials (RCTs)

using the following databases: PubMed, ScienceDirect, the Cochrane Library, Clinicaltrials.

gov and EBSCO. Eligible trials included RCTs that evaluated standard chemotherapy

which was either followed or not followed by targeted maintenance in patients with ovarian

cancer who had been previously receiving adjunctive treatments, such as cytoreductive sur-

gery and standard chemotherapy. The outcome measures included progression-free sur-

vival (PFS), overall survival (OS) and incidence of adverse events.

Results

A total of 13 RCTs, which were published between 2006 and 2014, were found to be in

accordance with our inclusion criteria. The primary meta-analysis indicated that both PFS

and OS were statistically and significantly improved in the targeted maintenance therapy

group as compared to the control group (PFS: HR = 0.84, 95%CI: 0.75 to 0.95, p = 0.001;

OS: HR = 0.91, 95%CI: 0.84 to 0.98, p = 0.02). When taking safety into consideration, the

use of targeted agents was significantly correlated with increased risks of fatigue, diarrhea,

nausea, vomiting, and hypertension. However, no significant differences were found in inci-

dence rates of abdominal pain, constipation or joint pain.
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Conclusions

Our results indicate that targeted maintenance therapy clearly improves the survival of ovar-

ian cancer patients but may also increase the incidence of adverse events. Additional ran-

domized, double-blind, placebo-controlled, multicenter investigations will be required on a

larger cohort of patients to verify our findings.

Introduction
Ovarian carcinoma is the eighth leading cause of cancer morbidity among women, the second
leading cause of malignancy and the seventh leading cause of cancer-related deaths according
to reports published by the WHO. Approximately 225,000 new ovarian cancer cases are diag-
nosed per year in women around the world, and approximately 140,000 deaths occur from
ovarian carcinoma per year in women around the world [1]. Adjuvant chemotherapy following
cytoreductive surgery with platinum-based treatment regimens leads to a higher response rate
(approximately 75%) in ovarian carcinoma patients [2]; however, the rates of recurrence and
mortality are currently still high (5-year survival rate: 20%-40%) [3]. Many previous studies
have indicated that the administration of chemotherapy over a course of 6 cycles cannot
improve prognosis and that it increases the risk of adverse events [4–7].

Maintenance chemotherapy is harmful to patients. So novel agents are being developed to
target specific molecular pathways. Clinical data with molecular targeted agents, such as inhibi-
tors of poly (adenosine diphosphate [ADP]-ribose), polymerase (PARP)[8], and vascular endo-
thelial growth factor (VEGF)[9], is encouraging. There is some evidence from a meta-analysis
of 4 trials that the addition of bevacizumab to standard chemotherapy may reduce the risk of
disease progression, in women with advanced ovarian cancer; however, it does not improve
overall survival (OS) [10]. Using bevacizumab in combination with standard chemotherapy is
limited in producing a curative effect[11]. However, whether employing a consolidated treat-
ment with targeted drugs should be further investigated. Targeted maintenance therapy is
defined as maintenance administration of single-agent antibody or small-molecule inhibitor
after the completion of chemotherapy.

At present, several obstetrics and gynecology researchers suggested that maintenance or
consolidation treatment with targeted drugs after standard chemotherapy should be used to
manage ovarian cancer patients. By doing so, this might potentially prolong remission, help
overcome resistance to conventional drugs, and improve quality of life [9, 12, 13]. However,
the benefits produced by targeted maintenance therapy are actually controversial. Trial by Bois
[12] showed that maintenance therapy using pazopanib can improve progression-free survival
(PFS) for 5 to 6 months, and Ledermann [13] reported that maintenance therapy using ninte-
danib also improved PFS. Conversely, many other trials (e.g., Sabbatini [14], Herzog [15]) have
shown that targeted maintenance therapy is not efficacious with respect to PFS or OS and
instead significantly increases the risk of adverse events compared with placebo. Some of the
above discussed RCTs included a relatively small sample size, and therefore, there is no enough
evidence to draw comprehensive conclusions. As a result, for patients suffering from ovarian
cancer, it is critically important to balance the pros and cons of new treatments. The aim of this
study was to assess and discuss the effectiveness and safety of using maintenance therapy with
targeted agents in ovarian cancer patients. To accomplish this goal, a comprehensive meta-
analysis was conducted to provide a reference of clinical options on the use of maintenance
therapy with targeted agents to treat patients with ovarian cancer.
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Methods

Inclusion and exclusion criteria
In this meta-analysis, only published RCTs on humans were included, and the language restric-
tion was set to English. Trials were included if they fulfilled the following inclusion criteria: (1)
patients with a definite diagnosis of ovarian cancer, and (2) who had previously received
adjunctive treatments such as cytoreductive surgery and standard chemotherapy. Interventions
were performed as follows: the experimental group included patients who were administered
targeted maintenance therapy after standard treatment, and the control group included
patients who were either treated with placebo or who were only observed following standard
chemotherapy.

Search strategy
Two reviewers (XQ and JQ) independently and simultaneously screened articles in the follow-
ing databases: PubMed, ScienceDirect, Cochrane Library, Clinicaltrials.gov, and EBSCO. The
retrieval time was set as from inception to January 2015. The following keywords were used to
identify possible publications: “ovarian cancer,” “maintenance,” and “randomized controlled
trials”. Trials that did not obviously conform to our criteria were excluded; examples of such
include trials about maintenance therapy using chemotherapy, radiotherapy, or diet. Trials
about maintenance therapy using targeted agents were further evaluated, and any differences
that arose were resolved by a third investigator (SP).

Quality assessment
Two members (XQ and JQ) independently completed quality assessments on the basis of the
guidelines in the Cochrane Handbook for Systematic Reviews of Interventions 5.0.2 [16]. The
following 7 items were extracted to assess the quality of each publication: (1) random sequence
generation (selection bias), (2) allocation concealment (selection bias), (3) blinding of partici-
pants and personnel (performance bias), (4) blinding of outcome assessment (detection bias),
(5) incomplete outcome data (attrition bias), (6) selective reporting (reporting bias), and (7)
other bias. A third investigator (XL) was called upon to resolve any differences.

Data extraction
The outcomes that we primarily focused on were effectiveness (PFS, OS) and safety (adverse
events). The essential data was extracted from each trial in a unified format that included the
first author’s name, year of publication, country in which the trial was performed, fixed num-
ber of years for patient inclusion, name of targeted agent, experimental design, cases grouped
randomly, mean age and death. PFS was defined as spanning from randomization to either
recurrence or death, and OS was defined as spanning from randomization to death. We
extracted the hazard ratios (HRs) and 95% confidence intervals (95% CI) directly from each
trial to evaluate the survival effects on PFS and OS. Tumor progression was defined according
to RECIST (Response Evaluation Criteria in Solid Tumors) criteria, deterioration of overall
physical condition and CA125 improvement. The number of patients that experienced adverse
events was extracted directly from each trial based on safety outcomes (adverse reactions). The
classification of adverse events was based on Common Terminology Criteria for Adverse
Events, version 3.0.
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Statistical analysis
We comprehensively evaluated PFS, OS, and adverse events using Review Manager, version 5.2
(provided by the Cochrane Library) [17]. We then calculated OR values and corresponding
95% CIs for binary classification data andWMD, in addition to the 95% CIs corresponding to
continuous variables. A fixed-effect model was used acquiescently to determine consolidation
effect values. In our opinion, there was explicit heterogeneity between trials and therefore we
utilized a random-effects model in cases where differences between groups (p< 0.05 and I2 >
60%) existed simultaneously. When I2 > 75%, it means an obvious statistical heterogeneity
among included trials. Then sensitivity analysis was performed excluding trials at high risk of
bias. We considered cases in which all of the p values that corresponded to the merger effect
values (OR, HR andWMD) were lower than 0.05 to be statistically significant. The PRISMA
Checklist is provided in S1 File.

Results

Characteristics of the included trials
We identified 183 papers from the above discussed databases, and 14 [8, 9, 12–15, 18–25] of
these articles were included based on the search criteria, among which 1 trial [23] was excluded
because the treatment group undergoing targeted maintenance therapy included only 4
patients. A final total of 13 RCTs were included in our meta-analysis. Our search strategy and
the steps used to select eligible trials are summarized in the flow diagram shown in Fig 1 (for
detailed information, please see S2 File). Nearly all of the patients in the included trials were
initially treated with first-line chemotherapy for 6 cycles. The exceptions included the GOG-
0218 trial that evaluated the use of bevacizumab in combination with standard chemotherapy
as a first-line treatment in the experimental group [9] and a trial conducted by Meier in which
lonafarnib was used for both first-line and maintenance therapy in the experimental group
[22]. We included these two trials because of their high quality and clinical significance and
also to reduce heterogeneity as much as possible. Among the included trials, 6 were phase III
RCTs, and 7 were phase II RCTs. When classifying the included trials based on the mecha-
nisms of targeted agents, 3 used monoclonal antibody, and 10 used small molecule drugs. The
characteristics of the 13 included trials are summarized in Table 1.

A total of 5578 patients were included in our meta-analysis: 3010 patients were treated with
maintenance therapy using targeted agents, and the remaining 2568 patients were treated with
placebo (except for one patient in a control group, who was only subjected to observation after
receiving standard chemotherapy) [22].

We presented results of the assessment of the methodological quality of each included trial
in a risk of bias graph (see Fig 2) The trials conducted by Berek [18] and Sabbatini [14] per-
formed random allocation using a centralized randomization procedure, and the trials con-
ducted by Karlan and Ledermann [13, 20] used an automated voice response telephone system
to allocate randomly; the remaining trials used stratified random allocation. Nearly all of the
trials were performed in a double-blind manner, except for Meier’s trial [22]. It is additionally
worth noting in total, out of all 7 trials that were included in our meta-analysis, only 150
patients received maintenance therapy with targeted agents, which is a relatively small sample
size.

Baseline comparison
The median age of the included patients before randomization was 58 years, and there were no
significant differences between groups that were submitted to maintenance therapy using

Targeted Maintenance Therapy for Ovarian Cancer

PLOS ONE | DOI:10.1371/journal.pone.0139026 September 24, 2015 4 / 13



targeted agents versus those that were treated with placebo (WMD = -0.2, 95%CI: -0.77 to 0.37,
p = 0.49). Although 84% of the patients were Caucasian, no significant differences were found
between the groups submitted to maintenance therapy with targeted agents and those treated
with placebo (OR = 0.95, 95%CI: 0.79 to 1.14, p = 0.55). The main histological type was serous
adenocarcinoma, and the majority of tumors were stage III (FIGO stage). The life status
(ECOG/WHO status) score was given priority at 0 and 1. If no significant differences existed
between groups with respect to baseline information (detailed above), then we considered

Fig 1. Flow diagram of trial selection.

doi:10.1371/journal.pone.0139026.g001

Table 1. Characteristics of included trials.

Study Year Country Recruitment period Drug RCT phase Patients number Age (year) Survival outcome

Targeted Control Targeted Control

Berek 2009 USA 2002–2007 Oregovomab III 251 120 58.8 59.6 PFS

Bois 2014 Germany 2009–2014 Pazopanib III 472 468 56 57 OS,PFS

Burger 2011 USA 2005–2009 Bevacizumab III 623 625 60 60 OS,PFS

Herzog 2013 USA 2008–2009 Sorafenib II 123 123 56.9 54.4 PFS

Hirte 2006 Canada 1998–1999 BAY 12–9566 III 122 121 58.4 56.7 OS

Karlan 2012 USA 2007–2009 AMG 386 II 53 55 59 62 OS,PFS

Kaye 2012 USA 2008–2009 Vismodegib II 52 52 57.3 58.6 PFS

Ledermann 2011 UK 2006–2008 Nintedanib II 43 40 58.4 61.3 OS,PFS

Ledermann 2012 UK 2008–2010 Olapanib II 136 129 58 59 OS,PFS

Meier 2012 Germany 2006.2–2006.9 Lonafarnib II 53 52 61 56 OS,PFS

Sabbatini 2013 USA 2006–2009 Abagovomab III 593 295 56.3 56 OS,PFS

Vergote 2013 Belgium 2006–2012 Enzastaurin II 69 73 53.6 54.5 PFS

Vergote 2014 Belgium 2005–2008 Erlotinib III 420 415 59 59 OS,PFS

Abbreviations: PFS, progression-free survival; OS, overall survival.

doi:10.1371/journal.pone.0139026.t001
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there to be no confounding factors in comparing safety and efficacy between the two groups.
The baseline analysis details are shown in Table 2.

Effectiveness
Progression-free survival (PFS). Almost all of the included trials (12/13) [8, 9, 12–15, 18,

20–22, 24, 25] considered PFS as the primary end point and OS or trial termination as the sec-
ondary end point. All 12 trials provided HR values regarding PFS. Here, we chose a random-
effects model because of the differences that were observed between the above discussed trial

Fig 2. Graph of risk bias. Review of authors' judgments about each factor that was at risk of bias, which are presented as percentages across all included
trials.

doi:10.1371/journal.pone.0139026.g002

Table 2. Comparations of baseline characteristics.

Outcome or Subgroup Studies Patients Statistical Method Effect Estimate

1 Age 12 5335 WMD (IV, Fixed, 95% CI) -0.20 [-0.77, 0.37]

2 Histology

2.1 Serous 11 5171 OR (M-H, Fixed, 95% CI) 1.01 [0.89, 1.15]

2.2 Other 11 5171 OR (M-H, Fixed, 95% CI) 0.99 [0.87, 1.13]

3 FIGO Stage

3.1 I-II 9 4858 OR (M-H, Fixed, 95% CI) 0.98 [0.75, 1.29]

3.2 III 9 4858 OR (M-H, Fixed, 95% CI) 0.94 [0.82, 1.08]

3.3 IV 10 4963 OR (M-H, Fixed, 95% CI) 1.07 [0.92, 1.24]

4 ECOG Status

4.1 0 10 4443 OR (M-H, Fixed, 95% CI) 1.03 [0.91, 1.17]

4.2 1 10 4443 OR (M-H, Fixed, 95% CI) 0.99 [0.87, 1.13]

4.3 2 9 3668 OR (M-H, Fixed, 95% CI) 0.88 [0.61, 1.26]

5 Race 7 3777 OR (M-H, Fixed, 95% CI) 0.95 [0.79, 1.14]

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; ECOG, Eastern Cooperative Oncology Group; WMD, weighted mean

difference; OR, odds ratio; IV, inverse variance; M-H, Mantel-haenszel.

doi:10.1371/journal.pone.0139026.t002
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groups (p< 0.0001 and I2 = 94%). By sensitivity analyses, we excluded the trial by Ledermann
for high heterogeneity [8]. Then the heterogeneity among the left 11 trials as measured by PFS
changed to an acceptable level (I2 = 66%). Targeted maintenance therapy was found to signifi-
cantly improve PFS when compared to placebo groups (HR = 0.84, 95%CI: 0.75 to 0.95,
p = 0.001, see Fig 3).

Overall survival (OS). A total of 9 trials [8, 9, 12–14, 19, 20, 22, 25] provided HR values
about OS. We chose a fixed-effect model to evaluate the differences between the above trials
(p = 0.07 and I2 = 45%). Maintenance therapy with targeted agents was found to be associated
with significant improvements in OS when compared to placebo groups (HR = 0.91, 95%CI:
0.84 to 0.98, p = 0.02, see Fig 4).

Safety (adverse events)
Generally, level 3/4 grade adverse events (according to CTCAE: Common Terminology Crite-
ria for Adverse Events) are considered to affect quality of life [18, 22]. Therefore, we assessed
the quality of life in the patients that experienced level 3/4 adverse events. As shown in Table 3,
adverse events that were reported in more than 5 of the trials were defined as abdominal pain,
fatigue, diarrhea, nausea, constipation, vomiting, hypertension, and joint pain. Pool OR values
suggested that maintenance therapy using targeted agents significantly increased the incidence
of fatigue (OR = 2.72, 95%CI: 1.44 to 13, p = 0.002), diarrhea (OR = 4.77, 95%CI: 2.68 to 8.48,
p< 0.001), nausea (OR = 3.63, 95%CI: 1.09 to 12.03, p = 0.04), vomiting (OR = 2.86, 95%CI:
1.07 to 7.68, p = 0.04), hypertension (OR = 4.44, 95%CI: 3.16 to 6.22, p< 0.001) but did not
markedly increase the incidence of abdominal pain (OR = 1.10, 95%CI: 0.69 to 1.76, p = 0.42),
constipation (OR = 0.69, 95%CI: 0.22 to 2.15, p = 0.53) or joint pain (OR = 0.97, 95%CI: 0.30
to 3.18, p = 0.96). Overall, the risk of withdrawal of treatment as a result of adverse events was
significantly increased in the targeted maintenance therapy groups when compared to the pla-
cebo groups (OR = 4.08, 95%CI: 1.92 to 8.68, p< 0.001 and I2 = 86%; see Fig 5). The obvious
heterogeneity might be related to the prevention of risks, benefits, and financial costs. The con-
clusion assessing withdrawal of treatment should be used cautiously.

Subgroup analysis
Two subgroups were initially divided based on whether targeted agents were combined with
first-line therapy. In 2 trials, standard chemotherapy was combined with targeted agents as the
first-line therapy, whereas in the remaining 11 trials the first-line therapy was standard chemo-
therapy only. There were no significant differences in therapeutic effectiveness (PFS, OS)
between subgroups. There were also no significant differences between subgroups according to
which targeted agents were employed (monoclonal antibody vs. small molecules). Finally, 2
subgroups were divided according to the withdrawal rate (>30% vs.<30%) of targeted mainte-
nance therapy, and the results indicated that there were significant differences among them.
One of the subgroups was insufficiently studied, which reduces the credibility of the results
that were obtained in the above subgroup analyses.

Discussion
In performing a comprehensive analysis of 13 RCTs that were focused on targeted mainte-
nance therapy, we found that maintenance therapy using targeted agents led to significant
improvements in both PFS and OS in ovarian cancer patients compared to maintenance ther-
apy using placebo. However, targeted maintenance therapy was also found to increase the
occurrence of adverse events such as fatigue, diarrhea, nausea, vomiting, and hypertension.
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It has been previously shown that targeted maintenance therapy leads to a better prognosis
for patients with malignancies such as non-small cell lung cancer [26] and colorectal cancer
[27]. To date, ovarian cancer has consistently ranked first in mortality among gynecological
tumors, and thus an increasing number of RCTs are focusing on using maintenance therapy
with targeted agents to treat patients suffering from ovarian cancer.

Almost half of the trials that were included in our meta-analysis were high-quality phase III
RCTs. Furthermore, the majority of them were conducted in the United States, and the remain-
ing were conducted in various European countries. Many of the trials included in our analysis
were conducted by representative multi-center tumor cooperative groups, such as the Gyneco-
logic Oncology Group, the Canada Clinical Trials Group Study, and the European Organiza-
tion for Research and Treatment of Cancer-Gynecological Cancer Group (EORTC-GCG).
However, more than half of the included trials had relatively small sample sizes with respect to
the targeted maintenance therapy groups. As inherent limitations and inconsistent conclusions

Fig 3. Hazard ratios of progression-free survival. SE = standard error; IV = inverse variance method; CI = confidence interval.

doi:10.1371/journal.pone.0139026.g003

Fig 4. Hazard ratios of overall survival. SE = standard error; IV = inverse variance method; CI = confidence interval.

doi:10.1371/journal.pone.0139026.g004
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were found among previous trials, it was therefore necessary for us to synthesize as many trials
as possible to obtain the most credible evidence.

The articles included in our analysis were published between 2006 and 2014; thus, they pro-
vided relatively new data. Additionally, first-line therapy treatment regimens did not substan-
tially change over this period of time, and worldwide measures of PFS and OS in ovarian
cancer patients also did not significantly improve [28, 29]. Furthermore, in the included trials,
there were no significant differences in the baseline information of patients being submitted to
maintenance therapy with targeted agents compared to those being submitted to treatment
with placebo, which made this meta-analysis more relevant.

In analyzing the efficacy of maintenance therapy with targeted agents compared to placebo,
we found that targeted agents can significantly improve PFS and OS. However, the mechanism
that is driving these findings remains undefined. Based on our safety analysis, the most com-
mon adverse events that were found to affect quality of life included fatigue, diarrhea, nausea,
vomiting, and hypertension. It must be noted that the number of patients who stopped taking
targeted agents due to serious adverse events was four times more than the number of patients

Table 3. Adverse events.

Outcome or Subgroup Studies Patients Statistical Method Effect Estimate

1 Abdominal pain 8 3063 OR (M-H, Fixed, 95% CI) 1.10 [0.69, 1.76]

2 Fatigue 7 1981 OR (M-H, Fixed, 95% CI) 2.72 [1.44, 13]

3 Diarrhea 7 1981 OR (M-H, Fixed, 95% CI) 4.77 [2.68, 8.48]

4 Nausea 6 1043 OR (M-H, Fixed, 95% CI) 3.63 [1.09, 12.03]

5 Constipation 5 803 OR (M-H, Fixed, 95% CI) 0.69 [0.22, 2.15]

6 Vomiting 5 803 OR (M-H, Fixed, 95% CI) 2.86 [1.07, 7.68]

7 Hypertension 5 2583 OR (M-H, Fixed, 95% CI) 4.44 [3.16, 6.22]

8 Joint pain 5 1658 OR (M-H, Fixed, 95% CI) 0.97 [0.30, 3.18]

Abbreviations: OR, odds ratio; M-H, Mantel-haenszel.

doi:10.1371/journal.pone.0139026.t003

Fig 5. Risk of discontinuing treatment due to adverse events (CTCAE�3) in the targetedmaintenance therapy group versus the control group.
M-H = Mantel-Haenszel method; CI = confidence interval. CTCAE: Common Terminology Criteria for Adverse Events.

doi:10.1371/journal.pone.0139026.g005
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who stopped taking placebo. Furthermore, the drug dosages initially employed had to be
reduced as a result of the occurrence adverse events. This suggested that intensive monitoring
of adverse events should be performed and proper interventions should be applied at the initia-
tion of therapy, or even before therapy begins. To date, the use of maintenance therapy with
targeted agents has not been popular in clinical practice because it requires adaptations and
dosage adjustments to standard treatment regimens and incurs the need to prevent and treat
adverse reactions.

The main advantages of our meta-analysis were as follows: a novel controversy was focused
on, phase II and III RCTs were included concurrently, and a low risk of bias was indicated by
Cochrane bias risk assessment. Additionally, our baseline comparison indicated that there was
no obvious inclusion bias. Furthermore, we accounted for both safety and efficacy, balancing
their pros and cons. Finally, our conclusions were relatively reliable and comprehensive.

Certainly, some limitations also existed in our analysis. First, the proportion of Caucasians
among all trial participants was nearly 84%. Because the morbidity of ovarian cancer varies
with respect to different races [30], there is no explicit answer as to whether there are differ-
ences in the curative effects of targeted maintenance therapy among different races of ovarian
cancer patients. Thus, future trials are necessary to determine whether the conclusions of our
meta-analysis conclusions can be applied to other races. Second, the trials we examined
included a variety of targeted agents for maintenance therapy. As a result, we were unable to
determine which type of agent is the most suitable for a given patient. Additionally, the high
incidence of adverse events led to interruptions in maintenance therapy with targeted agents in
several patients, which may have diluted our safety and efficacy results. To improve the quality
of life in ovarian cancer patients, we must regularly monitor and prevent adverse events. Third,
obvious statistical heterogeneity among included trials made some conclusions cautiously. We
would update this meta-analysis once results of the several ongoing trials were available.
Finally, the ideal timing and duration of maintenance therapies using different targeted agents
requires further investigation, although the latest meta-analyses demonstrated that using beva-
cizumab during and after first-line therapy showed improvement in PFS but not in OS [31,
32].

In conclusion, the results of our meta-analysis suggested that maintenance therapy with tar-
geted agents may not only postpone the progress of ovarian cancer but may also improve sur-
vival. However, this treatment approach also increases the incidence of adverse events that are
related to ovarian cancer. In our opinion, the above discussed pros and cons must be weighed
with respect to the clinical application of using targeted maintenance therapy in ovarian cancer
patients. Additional multi-center RCTs with larger patient cohorts should be required before
maintenance therapy with targeted agents becomes a widely used clinical choice for the treat-
ment of ovarian cancer.

Supporting Information
S1 File. PRISMA Checklist.
(DOC)

S2 File. Search strategy and trial selection.
(DOCX)

Targeted Maintenance Therapy for Ovarian Cancer

PLOS ONE | DOI:10.1371/journal.pone.0139026 September 24, 2015 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139026.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139026.s002


Author Contributions
Conceived and designed the experiments: XQ JQ YP SM. Performed the experiments: XQ JQ
SP XL YP SM. Analyzed the data: XQ JQ SP. Contributed reagents/materials/analysis tools: XQ
JQ SP. Wrote the paper: XQ JQ SP XL YP SM.

References
1. American Cancer Society: Global cancer facts and figures: 2nd edition. 2011.

2. Thigpen T. First-line therapy for ovarian carcinoma: what's next? Cancer investigation. 2004; 22
(S2):21–8.

3. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA: a cancer journal for clinicians. 2013; 63
(1):11–30.

4. Lambert H, Rustin G, Gregory W, Nelstrop A. A randomized trial of five versus eight courses of cisplatin
or carboplatin in advanced epithelial ovarian carcinoma A North Thames Ovary Group Study. Annals of
oncology. 1997; 8(4):327–33. PMID: 9209661

5. Pecorelli S, Favalli G, Gadducci A, Katsaros D, Panici PB, Carpi A, et al. Phase III trial of observation
versus six courses of paclitaxel in patients with advanced epithelial ovarian cancer in complete
response after six courses of paclitaxel/platinum-based chemotherapy: final results of the After-6 proto-
col 1. Journal of clinical oncology: official journal of the American Society of Clinical Oncology. 2009; 27
(28):4642–8. Epub 2009/08/26. doi: 10.1200/jco.2009.21.9691 PMID: 19704064.

6. Bolis G, Danese S, Tateo S, Rabaiotti E, D'Agostino G, Merisio C, et al. Epidoxorubicin versus no treat-
ment as consolidation therapy in advanced ovarian cancer: results from a phase II study. International
journal of gynecological cancer: official journal of the International Gynecological Cancer Society.
2006; 16 Suppl 1:74–8. Epub 2006/03/07. doi: 10.1111/j.1525-1438.2006.00313.x PMID: 16515571.

7. Pfisterer J, Weber B, Reuss A, Kimmig R, du Bois A, Wagner U, et al. Randomized phase III trial of
topotecan following carboplatin and paclitaxel in first-line treatment of advanced ovarian cancer: a
gynecologic cancer intergroup trial of the AGO-OVAR and GINECO. Journal of the National Cancer
Institute. 2006; 98(15):1036–45. Epub 2006/08/03. doi: 10.1093/jnci/djj296 PMID: 16882940.

8. Ledermann J, Harter P, Gourley C, Friedlander M, Vergote I, Rustin G, et al. Olaparib maintenance
therapy in platinum-sensitive relapsed ovarian cancer. The New England journal of medicine. 2012;
366(15):1382–92. Epub 2012/03/29. doi: 10.1056/NEJMoa1105535 PMID: 22452356.

9. Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ, Huang H, et al. Incorporation of bevacizu-
mab in the primary treatment of ovarian cancer. The New England journal of medicine. 2011; 365
(26):2473–83. Epub 2011/12/30. doi: 10.1056/NEJMoa1104390 PMID: 22204724.

10. Zhou M, Yu P, Qu X, Liu Y, Zhang J. Phase III trials of standard chemotherapy with or without bevacizu-
mab for ovarian cancer: a meta-analysis. PloS one. 2013; 8(12):e81858. doi: 10.1371/journal.pone.
0081858 PMID: 24324725

11. Bookman MA. Should studies of maintenance therapy be maintained in women with ovarian cancer?
Journal of gynecologic oncology. 2013; 24(2):105–7. Epub 2013/05/09. doi: 10.3802/jgo.2013.24.2.
105 PMID: 23653825; PubMed Central PMCID: PMCPmc3644684.

12. du Bois A, Floquet A, Kim J-W, Rau J, del Campo JM, Friedlander M, et al. Incorporation of pazopanib
in maintenance therapy of ovarian cancer. Journal Of Clinical Oncology: Official Journal Of The Ameri-
can Society Of Clinical Oncology. 2014; 32(30):3374–82. doi: 10.1200/JCO.2014.55.7348 PMID:
25225436.

13. Ledermann JA, Hackshaw A, Kaye S, Jayson G, Gabra H, McNeish I, et al. Randomized phase II pla-
cebo-controlled trial of maintenance therapy using the oral triple angiokinase inhibitor BIBF 1120 after
chemotherapy for relapsed ovarian cancer. Journal of clinical oncology: official journal of the American
Society of Clinical Oncology. 2011; 29(28):3798–804. Epub 2011/08/24. doi: 10.1200/jco.2010.33.
5208 PMID: 21859991.

14. Sabbatini P, Harter P, Scambia G, Sehouli J, Meier W, Wimberger P, et al. Abagovomab as mainte-
nance therapy in patients with epithelial ovarian cancer: a phase III trial of the AGOOVAR, COGI,
GINECO, and GEICO—the MIMOSA study. Journal of clinical oncology [Internet]. 2013; 31(12):
[1554–61 pp.]. Available from: http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/963/CN-
00964963/frame.html.

15. Herzog TJ, Scambia G, Kim BG, Lhomme C, Markowska J, Ray-Coquard I, et al. A randomized phase
II trial of maintenance therapy with Sorafenib in front-line ovarian carcinoma. Gynecologic oncology.
2013; 130(1):25–30. Epub 2013/04/18. doi: 10.1016/j.ygyno.2013.04.011 PMID: 23591401.

Targeted Maintenance Therapy for Ovarian Cancer

PLOS ONE | DOI:10.1371/journal.pone.0139026 September 24, 2015 11 / 13

http://www.ncbi.nlm.nih.gov/pubmed/9209661
http://dx.doi.org/10.1200/jco.2009.21.9691
http://www.ncbi.nlm.nih.gov/pubmed/19704064
http://dx.doi.org/10.1111/j.1525-1438.2006.00313.x
http://www.ncbi.nlm.nih.gov/pubmed/16515571
http://dx.doi.org/10.1093/jnci/djj296
http://www.ncbi.nlm.nih.gov/pubmed/16882940
http://dx.doi.org/10.1056/NEJMoa1105535
http://www.ncbi.nlm.nih.gov/pubmed/22452356
http://dx.doi.org/10.1056/NEJMoa1104390
http://www.ncbi.nlm.nih.gov/pubmed/22204724
http://dx.doi.org/10.1371/journal.pone.0081858
http://dx.doi.org/10.1371/journal.pone.0081858
http://www.ncbi.nlm.nih.gov/pubmed/24324725
http://dx.doi.org/10.3802/jgo.2013.24.2.105
http://dx.doi.org/10.3802/jgo.2013.24.2.105
http://www.ncbi.nlm.nih.gov/pubmed/23653825
http://dx.doi.org/10.1200/JCO.2014.55.7348
http://www.ncbi.nlm.nih.gov/pubmed/25225436
http://dx.doi.org/10.1200/jco.2010.33.5208
http://dx.doi.org/10.1200/jco.2010.33.5208
http://www.ncbi.nlm.nih.gov/pubmed/21859991
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/963/CN-00964963/frame.html
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/963/CN-00964963/frame.html
http://dx.doi.org/10.1016/j.ygyno.2013.04.011
http://www.ncbi.nlm.nih.gov/pubmed/23591401


16. Higgins J. Green S. Cochrane Handbook for systematic reviews of interventions version 5.0. 2 [updated
September 2009]. The Cochrane Collaboration, 2009. www.cochrane-handbook.org/(accessed 18
May 2009). 2013.

17. RevMan. The Nordic Cochrane Centre, The Cochrane Collaboration. Review Manager (RevMan)
[Computer Program].Version 5.2;Copenhagen. 2012.

18. Berek J, Taylor P, McGuire W, Smith LM, Schultes B, Nicodemus CF. Oregovomab maintenance
monoimmunotherapy does not improve outcomes in advanced ovarian cancer. Journal of clinical
oncology: official journal of the American Society of Clinical Oncology. 2009; 27(3):418–25. Epub 2008/
12/17. doi: 10.1200/jco.2008.17.8400 PMID: 19075271.

19. Hirte H, Vergote IB, Jeffrey JR, Grimshaw RN, Coppieters S, Schwartz B, et al. A phase III randomized
trial of BAY 12–9566 (tanomastat) as maintenance therapy in patients with advanced ovarian cancer
responsive to primary surgery and paclitaxel/platinum containing chemotherapy: a National Cancer
Institute of Canada Clinical Trials Group Study. Gynecologic oncology. 2006; 102(2):300–8. Epub
2006/01/31. doi: 10.1016/j.ygyno.2005.12.020 PMID: 16442153.

20. Karlan BY, Oza AM, Richardson GE, Provencher DM, Hansen VL, Buck M, et al. Randomized, double-
blind, placebo-controlled phase II study of AMG 386 combined with weekly paclitaxel in patients with
recurrent ovarian cancer. Journal of clinical oncology: official journal of the American Society of Clinical
Oncology. 2012; 30(4):362–71. Epub 2011/12/21. doi: 10.1200/jco.2010.34.3178 PMID: 22184370.

21. Kaye SB, Fehrenbacher L, Holloway R, Amit A, Karlan B, Slomovitz B, et al. A phase II, randomized,
placebo-controlled study of vismodegib as maintenance therapy in patients with ovarian cancer in sec-
ond or third complete remission. Clinical cancer research: an official journal of the American Associa-
tion for Cancer Research. 2012; 18(23):6509–18. Epub 2012/10/04. doi: 10.1158/1078-0432.ccr-12-
1796 PMID: 23032746.

22. Meier W, du Bois A, Rau J, Gropp-Meier M, Baumann K, Huober J, et al. Randomized phase II trial of
carboplatin and paclitaxel with or without lonafarnib in first-line treatment of epithelial ovarian cancer
stage IIB-IV. Gynecologic oncology. 2012; 126(2):236–40. Epub 2012/05/09. doi: 10.1016/j.ygyno.
2012.04.050 PMID: 22564713.

23. Polcher M, Eckhardt M, Coch C, Wolfgarten M, Kubler K, Hartmann G, et al. Sorafenib in combination
with carboplatin and paclitaxel as neoadjuvant chemotherapy in patients with advanced ovarian cancer.
Cancer chemotherapy and pharmacology. 2010; 66(1):203–7. Epub 2010/03/06. doi: 10.1007/s00280-
010-1276-2 PMID: 20204367.

24. Vergote IB, Chekerov R, Amant F, Harter P, Casado A, Emerich J, et al. Randomized, phase II, pla-
cebo-controlled, double-blind study with and without enzastaurin in combination with paclitaxel and car-
boplatin as first-line treatment followed by maintenance treatment in advanced ovarian cancer. Journal
of clinical oncology: official journal of the American Society of Clinical Oncology. 2013; 31(25):3127–
32. Epub 2013/07/31. doi: 10.1200/jco.2012.44.9116 PMID: 23897968.

25. Vergote IB, Jimeno A, Joly F, Katsaros D, Coens C, Despierre E, et al. Randomized phase III study of
erlotinib versus observation in patients with no evidence of disease progression after first-line platin-
based chemotherapy for ovarian carcinoma: a European Organisation for Research and Treatment of
Cancer-Gynaecological Cancer Group, and Gynecologic Cancer Intergroup study. Journal of clinical
oncology: official journal of the American Society of Clinical Oncology. 2014; 32(4):320–6. Epub 2013/
12/25. doi: 10.1200/jco.2013.50.5669 PMID: 24366937.

26. Johnson DH, Fehrenbacher L, NovotnyWF, Herbst RS, Nemunaitis JJ, Jablons DM, et al. Randomized
phase II trial comparing bevacizumab plus carboplatin and paclitaxel with carboplatin and paclitaxel
alone in previously untreated locally advanced or metastatic non-small-cell lung cancer. Journal of clini-
cal oncology: official journal of the American Society of Clinical Oncology. 2004; 22(11):2184–91. Epub
2004/06/01. doi: 10.1200/jco.2004.11.022 PMID: 15169807.

27. Hurwitz H, Fehrenbacher L, NovotnyW, Cartwright T, Hainsworth J, HeimW, et al. Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. The New England journal of
medicine. 2004; 350(23):2335–42. Epub 2004/06/04. doi: 10.1056/NEJMoa032691 PMID: 15175435.

28. Gonzalez-Martin A, Sanchez-Lorenzo L, Bratos R, Marquez R, Chiva L. First-line and maintenance
therapy for ovarian cancer: current status and future directions. Drugs. 2014; 74(8):879–89. Epub
2014/05/23. doi: 10.1007/s40265-014-0221-9 PMID: 24848752.

29. Ozols RF. Systemic therapy for ovarian cancer: current status and new treatments. Seminars in oncol-
ogy. 2006; 33(2 Suppl 6):S3–11. Epub 2006/05/24. doi: 10.1053/j.seminoncol.2006.03.011 PMID:
16716797.

30. Barakat RR, MarkmanM, Randall M. Principles and practice of gynecologic oncology: Lippincott Wil-
liams &Wilkins; 2009.

31. Gaitskell K, Martinek I, Bryant A, Kehoe S, Nicum S, Morrison J. Angiogenesis inhibitors for the treat-
ment of ovarian cancer. The Cochrane database of systematic reviews. 2011;(9: ):Cd007930. Epub

Targeted Maintenance Therapy for Ovarian Cancer

PLOS ONE | DOI:10.1371/journal.pone.0139026 September 24, 2015 12 / 13

http://www.cochrane-handbook.org/
http://dx.doi.org/10.1200/jco.2008.17.8400
http://www.ncbi.nlm.nih.gov/pubmed/19075271
http://dx.doi.org/10.1016/j.ygyno.2005.12.020
http://www.ncbi.nlm.nih.gov/pubmed/16442153
http://dx.doi.org/10.1200/jco.2010.34.3178
http://www.ncbi.nlm.nih.gov/pubmed/22184370
http://dx.doi.org/10.1158/1078-0432.ccr-12-1796
http://dx.doi.org/10.1158/1078-0432.ccr-12-1796
http://www.ncbi.nlm.nih.gov/pubmed/23032746
http://dx.doi.org/10.1016/j.ygyno.2012.04.050
http://dx.doi.org/10.1016/j.ygyno.2012.04.050
http://www.ncbi.nlm.nih.gov/pubmed/22564713
http://dx.doi.org/10.1007/s00280-010-1276-2
http://dx.doi.org/10.1007/s00280-010-1276-2
http://www.ncbi.nlm.nih.gov/pubmed/20204367
http://dx.doi.org/10.1200/jco.2012.44.9116
http://www.ncbi.nlm.nih.gov/pubmed/23897968
http://dx.doi.org/10.1200/jco.2013.50.5669
http://www.ncbi.nlm.nih.gov/pubmed/24366937
http://dx.doi.org/10.1200/jco.2004.11.022
http://www.ncbi.nlm.nih.gov/pubmed/15169807
http://dx.doi.org/10.1056/NEJMoa032691
http://www.ncbi.nlm.nih.gov/pubmed/15175435
http://dx.doi.org/10.1007/s40265-014-0221-9
http://www.ncbi.nlm.nih.gov/pubmed/24848752
http://dx.doi.org/10.1053/j.seminoncol.2006.03.011
http://www.ncbi.nlm.nih.gov/pubmed/16716797


2011/09/09. doi: 10.1002/14651858.CD007930.pub2 PMID: 21901715; PubMed Central PMCID:
PMCPmc4167846.

32. Ye Q, Chen HL. Bevacizumab in the treatment of ovarian cancer: a meta-analysis from four phase III
randomized controlled trials. Archives of gynecology and obstetrics. 2013; 288(3):655–66. Epub 2013/
04/02. doi: 10.1007/s00404-013-2820-1 PMID: 23543268.

Targeted Maintenance Therapy for Ovarian Cancer

PLOS ONE | DOI:10.1371/journal.pone.0139026 September 24, 2015 13 / 13

http://dx.doi.org/10.1002/14651858.CD007930.pub2
http://www.ncbi.nlm.nih.gov/pubmed/21901715
http://dx.doi.org/10.1007/s00404-013-2820-1
http://www.ncbi.nlm.nih.gov/pubmed/23543268

