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Purpose. A practice synthesis of available evidence-based medicine data in ovarian cancer (OC), aiming to provide directions for
future research.Materials and Methods. We performed a systematic review. PubMed was searched for relevant OC trials between
January 2000 and December 2019. Results. Out of 865 references screened, 199 trials were found eligible for inclusion. Most trials
were multicenter (83.9%). (ere was a trend reduction in the number of patients enrolled/per study over the years. Studies testing
targeted/biological therapies dominated the second decade (60 trials in 2010–2019 versus 2 trials in 2000–2009).(e proportion of
trials with positive survival and clinical outcomes significantly increased from 23.8% in early 2000s to 54.1% in the last 5 years.
Trials with histology/molecular biomarker criteria were more likely to meet progression-free survival endpoint than those without
these selection criteria (69.2% versus 32.6%). Conclusion. (is systematic review suggests a trend of increased positive studies,
mainly linked to precision medicine.

1. Introduction

Despite substantial progresses in its understanding and
treatment, OC is still a significant cause of mortality
worldwide, accounting more than 150,000 estimated deaths
per year [1]. A steadily growing body of scientific publica-
tions on this topic has been recorded over the past 20 years,
leading to changes in treatment toward a patient-tailored
approach [2].(e evidence-basedmedicine (EBM) approach
is a method used to establish themost relevant studies able to
have an impact on clinical practice. EBM defines the concept
of integration of best research evidence with clinical ex-
pertise and patient preferences [3]. It is based on the best
available clinical evidence from systematic research using
the medical literature, and results of randomized controlled
trials are considered the top in the hierarchy of research
designs evidence [3]. Here, we provide insight into ran-
domized clinical trials that have been performed in the last
20 years.

2. Methods

2.1.Data Sources andOutcomes. We systematically reviewed
the literature. Literature search was performed according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [4]. PubMed database
was searched for relevant citations published from January
2000 to December 2019, using the following keywords:
“ovarian” AND “cancer(s) or neoplasm(s)” AND “therapy
or treatment or therapeutics” limiting to randomized con-
trolled trials written in English language. A total of 865
references have been identified over the past 20 years. Two
independent reviewers screened the titles of studies and
abstracts for relevance to the topic in consideration and
subsequently reviewed the full text articles for inclusion.
Disagreements were resolved by a third reviewer. When
more than one article reported results with overlapping data,
the reviewers chose the most recent or comprehensive.
Ongoing trials, study design protocols, and phase I studies
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were not included. (e following parameters were recorded
into a standardized database: document title, author(s)
surname, journal and year of publication, sample size,
primary outcome, and results of the study (in term of dif-
ference/no difference between treatment groups). Primary
outcomes were considered positive if they demonstrated
statistically significant improvement (p value≤ 0.05).

2.2. Statistical Analysis. A descriptive analysis was per-
formed to provide an overview of the landscape of phase II
and phase III ovarian cancer clinical trials. To facilitate
clarity and understanding, four timeframes, 2000–2004,
2005–2009, 2010–2014, and 2015–2019, were considered.
Changes over the five-year timeframes were analyzed by the
linear-by-linear association trend test. Percentages were
compared by the χ2 test (with appropriate number of degrees
of freedom, depending on contingency table size). (e α
level (type I error) was set at 0.05. All data were analyzed
using SPSS software.

3. Results

After an initial screening of titles and abstracts for relevance
to the topic in consideration (n� 865), 274 studies were
identified. Ongoing trials, study design protocols, and phase
I studies were deemed not eligible (n� 12). Sixty-three
additional studies were excluded because they were only
subgroup analysis and/or post hoc analysis of trials just
included in the review (we only considered the published
studies concerning the primary and secondary outcome of
the trial). A total number of 199 clinical trials were finally
reviewed on the basis of their relevance into OC treatment
(Figure 1). A total of 72934 patients were enrolled in 199
trials, and sample sizes ranged from 24 to 2074 patients
(mean and standard deviation, 367± 375 patients). Details
are listed in Table 1.

Despite the difference was not statistically significant,
there was a trend reduction in the number of patients en-
rolled/per study from the early 2000s (mean and standard
deviation, 385± 369 patients) until 2015–2019 (mean and
standard deviation, 323± 339 patients) (Figure 2). Studies
frequency significantly increased from 42 studies in
2000–2004 to 61 studies in the last timeframe (2015–2019)
(Figure 3).

In total, 12 trials (6.0%) representing 4742 patients
(mean and standard deviation, 395± 188 patients) focused
upon surgical interventions. A total of 45095 patients (mean
and standard deviation, 480± 463 patients) were enrolled in
94 trials (47.2%) testing chemotherapy and maintenance
therapy in the primary setting, and 23097 patients (mean
and standard deviation, 248± 232 patients) were identified
in 93 trials in the recurrent setting.

(e absolute number of phase III trials progressively
increased from 22 in 2000–2004 to 29 in 2015–2019. Ex-
amining the proportion of phase III trials/total number of
studies over the four timeframes, no significant differences
were found (52.4% versus 61.9% versus 50.0% versus 47.5%),
but the rate of phase II trials was 34.2% (68 of 199, ranging

from 0 to 9 per year), with a significant uptrend over the 20-
year period (4 trials in 2000–2005 versus 28 trials in
2015–2019, p � 0.001).

Most (167, 83.9%) of the studies were multiinstitutional
trials.

Overall, 62 of 199 (37.1%) evaluated one or more types of
targeted/biological therapies. Interestingly, there was a
significant increase of trials investigating targeted/biological
therapies over the years, moving from only one trial in the
2000–2004 up to 36 trials in the 2015–2019 (1.6% versus
58.1%, p � 0.0001). Few trials had specific molecular his-
tology or biomarker selection criteria at enrollment time
(n� 15, 7.5%), and most of them (n� 10, 66.7%) were
performed between 2015 and 2019.

Outcomes of interest were survival outcomes, including
progression-free survival (PFS) and overall survival (OS),
and clinical outcomes such as response rate, quality of life,
and toxicity (Figure 4). To note, because of similar time-to-
event definition, time-to-progression (TTP) was included in
PFS evaluation.

In details, when PFS was the primary (n� 91, 45.7%) or
the coprimary (n� 14, 7.0%) endpoint, it was reached in
37.1% of the cases (n� 39). Of note, histology or molecular
biomarker selection criteria were associated with improved
PFS outcome. In fact, among the 15 molecular/histology
driven trials, 13 (86.7%) had PFS as the primary endpoint
and 9 studies (69.2%) reported improved PFS results.

Advantage in OS was reported in 9 studies (4.5%, n� 8
phase III, n� 1 phase II). No study with histology/molecular
assessment evaluated OS as primary endpoint.

Records identified
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Figure 1: Flow diagram.
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Finally, over the last years, the use of quality of life as
primary endpoint has increased (n� 3 out of 61 trials, 4.9%).

Based on clinical scenarios, (i) surgery; (ii) chemo-
therapy andmaintenance therapy in the primary setting; and
(iii) chemotherapy and maintenance therapy in the recur-
rent setting, 6 trials (50.0%), 29 trials (30.9%), and 37 trials
(39.8%) met the primary endpoint, respectively. Benefit in
PFS has been shown in trials testing chemotherapy and
maintenance therapy in both primary (n� 18, 62.1%) and
recurrent (n� 21, 56.8%) setting, whereas there was no
positive PFS outcome in surgical studies. In the surgical

setting, positive endpoints reached were OS (n� 1, 16.7%)
and clinical outcomes (response rate� 3, 50%; toxicity� 2,
33.3%).

Considering clinical outcomes, there was a consistent
improvement in positive studies over the 20-year period,
from three trials in 2000–2004 up to 15 trials in 2015–2019.
(is improvement was strictly associated to a higher pro-
portion of positive studies testing target therapy (31.3% in
2015–2019).

4. Discussion

(is review represents a synthesis of the available data on
published trials in OC and a basis for further considerations.
In the last 20 years, median OS of OC patients moved from
expected 3 years to more than 5 years [5, 6]. Several reasons
can explain this relevant increase, including the improve-
ment of surgical skills as well as the identification of referral
centers for OC management. Moreover, the development of
targeted therapeutic options (for instance PARP-inhibition)
could be considered as a leading actor in the overall im-
provement in survival of ovarian cancer patients over the last
two decades. Nonetheless, both the design of high-quality

Table 1: Studies characteristics.

Characteristics
Timeframe

P
2000–2004 2005–2009 2010–2014 2015–2019

Total studies 199 42 42 54 61 NA
Total patients 72934 16161 14054 23024 19695 0.45
Multicenter (%) 167 (83.9) 40 (95.2) 41 (97.6) 41 (75.9) 45 (73.8) 0.01
Phase III trials (%) 104 (52.3) 22 (52.4) 26 (61.9) 27 (50.0) 29 (47.5) 0.01
Topic 0.01
Surgery (%) 12 (6.0) 1 (2.4) 3 (7.1) 2 (3.7) 6 (9.8)
Systemic therapy in the primary setting (%) 94 (47.2) 27 (64.3) 26 (61.9) 20 (37.0) 21 (34.4)
Systemic therapy in the recurrent setting (%) 93 (46.7) 14 (33.3) 13 (31.0) 32 (59.3) 34 (55.7)

Positive studies (%) 72 (36.2) 10 (23.8) 13 (31.0) 16 (29.6) 33 (54.1) 0.004
Histology or molecular biomarker selection criteria (%) 15 (7.5) 1 (2.4) 1 (2.4) 3 (5.6) 10 (16.4) 0.0001
Targeted therapy (%) 62 (31.2) 1 (2.4) 1 (2.4) 24 (44.4) 36 (59.0) 0.004
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Figure 2: Box plot: number of patients enrolled/per study over
time.
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Figure 3: Trial characteristics over time.
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Figure 4: Primary outcomes of OC trials. ∗A single primary
outcome was considered for each study. PFS, progression-free
survival; TTP, time-to-progression; OS, overall survival; RR, re-
sponse rate; QoL, quality of life.
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trials and the better assessment of OC biomolecular profile
have certainly led to this encouraging progress.

Accordingly, in our analysis of clinical trials over the last
two decades, we found a significant increase in the pro-
portion of studies reporting positive outcomes, particularly
PFS, despite a slight overall decrease of patients enrolled per
study. In other words, albeit the number of performed
studies had a 50% increase, less women have been enrolled in
these studies, and more successful trials have been carried
out, time by time. (is suggests that studies have become
more efficient at producing positive results, without in-
volving unnecessary patients. We therefore tried to un-
derstand which have been the clues of this overall
improvement.

First of all, we have to document that, in the OC research
landscape, the importance of multicenter trials has been
recognized since the early 2000s, as the number of multi-
center trials ranges from 74% to 95% from the 2000–2004 to
the 2015–2019 timeframes, with a slight reduction across the
years.

As expected, new biological drugs have been in-
creasingly developed and investigated in the last decade,
with 21326 patients enrolled in studies investigating
targeted therapies, compared with only 989 patients in
2000–2004 and 2005–2009 timeframes. Nonetheless, the
introduction of targeted therapies alone did not com-
pletely explain the increase of reached endpoints, recor-
ded over the years.

Otherwise, it can be reasonably hypothesized that this
increase in successful trials has been allowed by the use of
histology/molecular biomarkers in clinical trial design,
which was peculiar of the last 5 years; in fact, from
2015–2019, more than 50% of studies reached the planned
primary endpoint and 10 out of 61 trials were molecular-
driven.

(e greatest results have been found in the medical
setting. Conversely, surgical studies were extremely few
(only 6.0% of the included studies) and did not reach the
planned endpoint in half of the cases. Moreover, no mo-
lecular-driven trials have been proposed in this background,
even in the later timeframe. Our results therefore suggest
that studies without preplanned patient selection might
induce study’s failure and a personalized approach should be
proposed also for surgical trials.

Although few similar studies have been performed in
other tumor settings such as the lung and sarcoma [7, 8], to
the best of our knowledge, our analysis is the first to elu-
cidate the overall landscape of OC trials over the last two
decades [7, 8]. Interestingly, the advent of targeted/bio-
logical therapies and biomarker-driven trials has occurred
later in OC, compared with other tumors [7, 8]. Nonetheless,
when focusing on outcomes reached, we have obtained the
most significant growth over the time, especially in term of
PFS, probably due to the design of more personalized
studies.

(ere are some limitations of this analysis. First, phase
I studies were excluded because they are typically focused
on the safety of systemic treatments and not on survival
improvement, with PFS and OS outcomes. We also did not

collect all data on study design because not relevant for
our purposes; also, some studies, even with interesting
results, have been presented at conferences but are still
waiting for publication, and therefore, they have not been
included in the present analysis. Furthermore, it should be
considered that we stated as “positive studies” those in
which primary outcome was reached, but it should be
recognized that “reached outcome” does not always means
“clinical-practice changing” trial. Moreover, this defini-
tion might be affected not only by local approval of drug’s
administration—Food and Drug Administration (FDA)
or European Medicines Agency (EMA)—but also by
guidelines endorsement. For instance, intraperitoneal
chemotherapy and hyperthermic intraperitoneal chemo-
therapy are both valid options for advanced OC man-
agement according to National Comprehensive Cancer
Network (NCCN) guidelines, but these strategies are not
recommended by European Society of Gynaecological
Oncology (ESGO) guidelines [2, 9]. Besides, it has to be
noticed that “clinical-practice changing” trials could also
be considered “negative studies” as they may answer many
clinical questions not yet investigated. Actually, only
approximately 50–60% of positive randomized control
trials performed over the last 20 years have been signif-
icant for daily clinical practice; this further suggests that
in several cases, methodology and studies results were
well-designed, but rationale or research idea was probably
too weak or inadequately tailored. Remarkably, among
biomarker-driven studies, almost 90% (8/9) [10–18] were
both positive and practice changing trials, underlying the
importance of a personalized approach.

Despite these limitations, our data show provocative
changes in the OC clinical trial landscape in the last 20 years
and demonstrate that the incidence of clinical studies with
positive survival and clinical outcomes is progressively
increasing.

5. Conclusions

Our data confirm that efforts of the scientific community
to improve OC patients management have been count-
less in the last 20 years, suggesting to persevere toward a
more cost-effective, patient-oriented, and individualized
fight against OC, in the medical but also in the surgical
setting.
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[12] A. González-Mart́ın, B. Pothuri, I. Vergote et al., “Niraparib in
patients with newly diagnosed advanced ovarian cancer,”New
England Journal of Medicine, vol. 381, no. 25, pp. 2391–2402,
2019.

[13] K. Moore, N. Colombo, G. Scambia et al., “Maintenance
olaparib in patients with newly diagnosed advanced ovarian
cancer,” New England Journal of Medicine, vol. 379, no. 26,
pp. 2495–2505, 2018.

[14] R. L. Coleman, A. M. Oza, D. Lorusso et al., “Rucaparib
maintenance treatment for recurrent ovarian carcinoma after
response to platinum therapy (ARIEL3): a randomised,
double-blind, placebo-controlled, phase 3 trial,” 3e Lancet,
vol. 390, pp. 1949–1961, 2017.

[15] J. F. Liu, W. T. Barry, M. Birrer et al., “Combination cediranib
and olaparib versus olaparib alone for women with recurrent
platinum-sensitive ovarian cancer: a randomised phase 2

study,” 3e Lancet Oncology, vol. 15, no. 11, pp. 1207–1214,
2014.

[16] E. Pujade-Lauraine, J. A. Ledermann, F. Selle et al., “Olaparib
tablets as maintenance therapy in patients with platinum-
sensitive, relapsed ovarian cancer and a BRCA1/2 mutation
(SOLO2/ENGOT-Ov21): a double-blind, randomised, pla-
cebo-controlled, phase 3 trial,” 3e Lancet Oncology, vol. 18,
pp. 1274–1284, 2017.

[17] M. R. Mirza, B. J. Monk, J. Herrstedt et al., “Niraparib
maintenance therapy in platinum-sensitive, recurrent ovarian
cancer,” New England Journal of Medicine, vol. 375, no. 22,
pp. 2154–2164, 2016.

[18] J. Ledermann, P. Harter, C. Gourley et al., “Olaparib main-
tenance therapy in platinum-sensitive relapsed ovarian can-
cer,” New England Journal of Medicine, vol. 366, no. 15,
pp. 1382–1392, 2012.

Journal of Oncology 5

http://www.nccn.org

