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Background: Olaparib, a potent oral poly (ADP-ribose) polymerase inhibitor, exhibits
antitumor activity and prevents the recurrence in advanced ovarian cancer. In this article,
we assessed the efficacy and safety of olaparib maintenance therapy on platinum-sensitive
ovarian cancer patients with BRCA mutations through a meta-analysis of available rando-
mized controlled trials (RCTs) to provide more evidence for its clinical applications.
Methods: We searched PubMed, Embase, Wanfang, CNKI, Web of Science, Cochrane
Library, and VIP databases from 1 August 2018 to identify RCTs and finally included
four RCTs (seven articles) with 567 eligible participants beyond the participants,
interventions, comparisons, outcomes, and study design regulation. The outcomes of
olaparib efficacy including progression-free survival (PFS) and overall survival (OS)
were measured by HR and 95% CI, while the quality of life was evaluated by calculating
the combination of P-value. Seven common adverse events were tested by risk ratio and
95% CI as the outcomes of olaparib safety. These data were analyzed, and the forest
figures were produced using Review Manager 5.3.

Results: Compared with other interventions (ie, placebo or chemotherapy drugs), olaparib
significantly prolonged PFS (HR=0.31, 95% CI=0.15-0.62) and slightly improved OS
(HR=0.75, 95% CI=0.56-0.99), but did not influence the quality of life (P=0.058) in the
patients with platinum-sensitive BRCA-mutated ovarian cancer. Additionally, the toxicity
profile of olaparib involved anemia, fatigue, vomiting, diarrhea, and nausea with grade 1-2.
Conclusion: This meta-analysis suggests that olaparib maintenance therapy is effective and
well-tolerated for the patients with platinum-sensitive BRCA-mutated ovarian cancer. More
updated RCTs and long-term follow-up should be conducted to compare and analyze the
efficacy and toxicity of olaparib at different doses in ovarian cancer patients.
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Introduction

Ovarian cancer is the seventh most common cancer for women overall worldwide.'
In the UK, there were about 7,400 new cases of ovarian cancer in 2014, and it
remains the leading cause of death which accounted for 5% of all cancer deaths.” In
the US, there would be approximately 11.6 new cases per 100,000 women and over
6.7 deaths per 100,000 women from the disease in 2015. And in 2018, there will be
estimated 22,240 new cases and 14,070 deaths of ovarian cancer.® In China, there
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were 52,100 women diagnosed with ovarian cancer and
14,080 patients died of this cancer in 2015.* Treatments
for ovarian cancer including operative therapy, chemother-
apy, and targeted therapy are used in clinical practice.”®
Olaparib (also called lynparza) is an oral, potent inhibi-
tor of poly (ADP-ribose) polymerase (PARP), and its che-
mical name is 4-[3-(4-cyclopropanecarbonylpiperazine-1-
carbonyl)-4-fluorobenzyl]-2H-phthalazin-1 -one.” Olaparib
was developed by AstraZeneca Cooperation (London, OH,
USA) and used to treat various advanced tumors, including
breast, prostate, pancreatic, and ovarian cancers.'* In
2014, the FDA and the EMA approved olaparib treatment
in germline BRCA-mutated advanced ovarian cancer that
has received three or more prior lines of chemotherapy.'*'®
Additionally, several Phase II trials have reported that ola-
parib maintenance therapy in platinum-sensitive relapsed
serous ovarian cancer could diminish the tumor size, pro-
long progression-free survival (PFS), and improve objective
responses rate in patients.'*!'*?° Meanwhile, it presented an
acceptable and manageable tolerability profile and had no
worse impact on health-related quality of life.?'-*
However, most of these trials have a limitation of small
sample size and may not accurately evaluate the efficacy
and safety of olaparib. The present study included all
available randomized controlled trials (RCTs) according
to the criteria of participants, interventions, comparisons,
outcomes, and study design (PICOS), and then conducted
a meta-analysis to estimate the efficacy and safety of oral
olaparib maintenance therapy vs placebo or other che-
motherapy drugs among the adult patients with platinum-
sensitive BRCA-mutated ovarian cancer. It is expected to
provide some evidence on clinical extensive use of ola-

parib in advanced ovarian cancer.

Methods
Search strategy

We systematically searched seven databases which contain
PubMed (May 2009 to July 2018), Embase (February
2008 to April 2018), Wanfang (February 2013 to April
2017), CNKI (September 2016 to April 2018), Web of
Science (May 2008 to May 2018), Cochrane Library
(September 2011 to October 2017), and VIP database
(February 2015 to November 2017) up until 1 August
2018 using the following terms: “olaparib OR lynparza
OR azd 2,281 OR azd2,281 OR azd221” AND “ovarian
tumor OR ovarian cancer OR ovarian carcinoma OR ovar-
ian neoplasm”. In addition, we hand-searched the posters

and power points from the American Society of Clinical
Oncology Annual Meeting and the reports from

AstraZeneca Pharmaceuticals (London, OH, USA).

Selection criteria

According to PICOS criteria, the studies were selected and
evaluated independently by two reviewers. The relevant clin-
ical trials on the efficacy and safety of olaparib maintenance
therapy for platinum-sensitive ovarian cancer patients with
BRCA mutations were included, if they met the following
criteria: 1) the trial had an RCT design; 2) the trial enrolled
the patients older than 18 years of age with BRCA mutations
ovarian cancer, which had received at least two previous
courses of platinum-based chemotherapy regimen; 3) the
trial compared olaparib with other interventions such as pla-
cebo or other chemotherapy drugs; and 4) the trial presented at
least one of the following outcomes: a) PFS, b) overall survival
(0OS), ¢) quality of life, and d) adverse events. For the trials
without complete information, we contacted the authors to
obtain the unpublished data. If the authors could not provide
the necessary data, the trials were excluded.

Selection of studies

Two review authors independently screened the titles and
abstracts of all the articles, which obtained through the
search strategy. Then, we retrieved the full texts and
assessed all eligible studies in compliance with the inclu-
sion criteria. A third review author was available to
resolve any discrepancies.

Data extraction

The data were extracted from each included trial using a
piloted data extraction sheet by two investigators indepen-
dently. The extracted data summarized the characteristics
of trials (first author, inclusion criteria, interventions, out-
comes, and other necessary information). If disagreement
occurred, all review authors discussed for consensus.

Assessment of risk of bias

According to the description of Cochrane Handbook for
Systematic Reviews of Interventions 5.3 (Higgins 2011),
two review authors independently assessed risk of bias in
each included trial. We resolved disagreements by consult-
ing a third review author. We applied the Cochrane “Risk
of bias” tool to evaluate the following domains:

1. random sequence generation (selection bias)
2. allocation concealment (selection bias)
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3. blinding of participants, personnel, and outcome
assessment (performance bias and detection bias)

4. incomplete outcome data (attrition bias)

5. selective reporting data (reporting bias)

We considered the generation of allocation sequence to
be adequate if the trial reported any truly random process (eg,
random number table and computer-generated random
sequence number). We considered the allocation concealment
to be adequate if the trial reported sufficient details about
intervention allocation (eg, telephone or central randomiza-
tion and consecutively numbered sealed opaque envelopes).
We considered the blinding study of participants, personnel,
and outcome assessors to be adequate if the trial was defi-
nitely mentioned the indistinguishability between experimen-
tal and control preparations. We considered the incomplete
outcome data to be adequate if the trial reported that there
were no losses in patients to follow-up and no treatment
withdrawals according to the intention-to-treat principle. We
considered the selective reporting data to be adequate if the
trial showed that all of the study’s prespecified outcomes had
been reported in the published reports. Additionally, we did
not consider the item “free of other bias” in this review.

Measures of efficacy and adverse events
For time-to-event outcomes (efficacy such as PFS and
0S), we calculated the HR between treatment groups
with 95% CI. For dichotomous outcomes (adverse events),
we calculated the risk ratio (RR)RR with 95% CI.

Data analysis

Quantitative data were imported into Review Manager 5.3
and then analyzed using a fixed-effect model (P>0.10 or
°<50%), if not, using a random-effect model. The inverse
variance and Mantel-Haenszel were used for the estimates of
typical HR and RR. We planned to do the subgroup analyses
by type of intervention groups. We included four RCTs that
met our selection criteria and compared olaparib with other
drug treatment (eg, placebo, pegylated liposomal doxorubicin
[PLD], or paclitaxel plus carboplatin). We used the outcomes
of OS, PFS, and adverse events in subgroup analyses.

Results

Description of studies

Results of the search

A total of 2,063 records were retrieved from seven data-
bases, of which 2,032 were excluded following title and

abstract screening. We obtained 31 full-text articles to be
potentially eligible for this review. Next, we excluded five
articles that were no RCTs, two articles that were Phase |
trials, and eight articles with no available data. Second, we
excluded two articles (Liu 2014 and Liu 2017) because
they aimed at investigating the effect of cediranib in com-
bination with olaparib. Next, we excluded another article
(Ledermann 2012) due to the occurrence of the updated
articles. Finally, we included seven full-text articles to
assess in this review (Kaye 2012; Ledermann 2014;
2016  [September]; 2016
[November]; Oza 2015; Pujade-Lauraine 2017,
Friedlander 2018).'%2%%2° The flowchart of the selection

process is shown in Figure 1.

Ledermann Ledermann

Characteristics of included studies

Of the four included trials (seven reports), one compared
olaparib with PLD (Kaye 2012); one compared olaparib vs
paclitaxel plus carboplatin (Oza 2015); while two com-
pared olaparib with placebo (Ledermann 2014; Ledermann
2016 [September]; Ledermann 2016 [November]; Pujade-
Lauraine 2017; Friedlander 2018).

Kaye 2012 was a multicenter, randomized, and open-
label Phase II study. It enrolled 96 patients with histologi-
cally or cytologically confirmed BRCA-mutated recurrent
epithelial ovarian, primary peritoneal, or fallopian tube
carcinoma and assigned them to receive olaparib (200 or
400 mg twice daily) or PLD (50 mg/m?). Disease recurred
or progressed within 12 months of the most recent plati-
num-based chemotherapy regimen. The primary outcome
was PFS and the secondary outcomes included RECIST
(response evaluation criteria in solid tumors)-defined com-
plete or partial response, duration of treatment response,
tumor size, OS, safety, tolerability, and health-related qual-
ity of life for each treatment group.

The reported by Ledermann 2014, 2016
(September) and 2016 (November) was a multicenter,
randomized, and double-blind Phase II study. It divided
264 patients (including 136 cases with BRCA mutations
and 128 cases with wild-type BRCA) with recurrent ovar-

trial

ian, fallopian tube cancer, or primary peritoneal cancer
into two groups receiving olaparib (400 mg twice daily)
or placebo, respectively. Patients had received two or more
previous lines of platinum-based chemotherapy. The pri-
mary outcome was PFS and the secondary outcomes
were time to progression, objective response rate,
disease-control rate, tumor size, OS, disease-related symp-

toms, health-related quality of life, safety, tolerability, time
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Figure | Flowchart of the number of studies identified and included into the meta-analysis.

to first subsequent therapy or death, time to second sub-
sequent therapy or death, objective response rate, and best
overall response.

Oza 2015 conducted a multicenter, open-label Phase 11
study which enrolled 156 patients (including 41 patients
with BRCA mutations) with histologically or cytologically
diagnosed platinum-sensitive ovarian cancer, including
primary peritoneal and fallopian tube cancers. Patients
had received a maximum of three previous lines of plati-
num-based chemotherapy. These patients were randomized
to receive olaparib (200 mg twice daily) plus paclitaxel
(175 mg/m?) and carboplatin (AUC 4 mg/mL per min) or
paclitaxel (175 mg/m?) and carboplatin (AUC 6 mg/mL
per min). The primary outcome was PFS and the second-
ary outcomes included OS, the percentage change in tumor
size, and the proportion of patients with a RECIST or
cancer antigen 125 response.

Pujade-Lauraine 2017 and Friedlander 2018 were both
international, multicenter, double-blind, randomized, pla-
cebo-controlled, Phase III studies. Two hundred and
ninety-four patients with BRCA mutations were histologi-
cally confirmed relapsed, high-grade serous ovarian cancer
or high-grade endometrioid cancer. Patients had received
at least two previous lines of platinum-based chemother-
apy. All enrolled patients were divided into two groups
which received olaparib (300 mg twice daily) or placebo,
respectively. The primary outcome was PFS and the sec-
ondary outcomes included time to first subsequent therapy

or death, time to second subsequent therapy or death, time
to study treatment discontinuation or death, time to second
progression, time to earliest progression or death, investi-
gator assessment of OS, safety, tolerability, and health-
related quality of life. Further details of the above studies
are provided in Table 1.

Risk of bias in included studies
Figure 2 demonstrates the judgments and specific informa-
tion on risk of bias in the studies.

Random sequence generation

Random sequence was adequately generated in all
included trials, as they used computer randomization or a
random numbers table (Kaye 2012; Ledermann 2014;
2016 2016
[November]; Oza 2017,
Friedlander 2018).

[September]; Ledermann

2015;

Ledermann
Pujade-Lauraine

Allocation concealment

Allocation was adequately concealed in three trials (six
reports) which used the telephone or central randomization
for allocation of treatment (Ledermann 2014; Ledermann
2016 [September]; Ledermann 2016 [November]; Oza
2015; Pujade-Lauraine 2017; Friedlander 2018). And the
remaining one was at unclear risk of selection bias without
mentioning whether the schedule was concealed or not
(Kaye 2012).
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Blinding

Treatment assignment and outcome were masked for par-
ticipants, personnel, and outcome assessment in two trials,
we considered the risk of performance bias was low for
blinding (Ledermann 2014; Ledermann 2016 (Sep);
Ledermann 2016 [November]; Pujade-Lauraine 2017,
Friedlander 2018). And the other two trials were at high
risk of performance bias and detection bias because parti-
cipants, personnel, and outcome assessors were open-label
(Kaye 2012; Oza 2015).

Incomplete outcome data

Four trials (5 reports) had discontinued treatment because
of adverse events, death, lost to follow-up and other rea-
sons (Kaye 2012; Ledermann 2016 [September]; Oza
2015; Pujade-Lauraine 2017; Friedlander 2018) and one
trial (two reports) lacked the analysis of intention-to-treat
basis (Ledermann 2014; Ledermann 2016 [November]).
So we judged these trials were at high risk of attrition bias.

Selective reporting

The pre-specified primary outcomes had been reported. So
we judged four trials (5 reports) to be at low risk of
outcome reporting bias for our primary outcomes in the
published articles (Kaye 2012; Ledermann 2014;
Ledermann 2016 [September]; Oza 2015; Pujade-
Lauraine 2017). However, we judged three trials (three
reports) at low risk (Kaye 2012; Oza 2015; Pujade-
Lauraine 2017) and one trial (two reports) (Ledermann
2014; Ledermann 2016 [September]) at high risk for all
secondary outcomes. Two trials (Ledermann 2016
[November]; Friedlander 2018) only reported the data on
quality of life, so we judged them at high risk.

Quantitative synthesis

Progression-free survival (PFS)

Four trials reported the outcome of PFS. There were 567
randomly assigned participants, including 353 in olaparib
groups and 214 in other intervention groups. These clinical
trials evaluated olaparib against placebo or other che-
motherapy drugs in platinum-sensitive ovarian cancer
patients with BRCA mutations. The treatment duration
continued until disease progression, unacceptable toxicity,
or death in patients. The quality of evidence for this out-
come was high. The pooled data revealed that PFS was
significantly prolonged when olaparib was used as
opposed to placebo or other chemotherapy drugs
(HR=0.31, 95% CI=0.15 —0.62, random-effect model,
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Figure 2 (A) Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies. (B) Risk of bias summary:

review authors’ judgments about each risk of bias item for each included study.

Figure 3). The heterogeneity was statistically significant
(P=0.0004, 1>=84%).

In two trials (Ledermann 2014, Pujade-Lauraine 2017)
comparing olaparib with placebo, the HR of median PFS was
023 (95% CI=0.17 to 0.31, »=430, P<0.00001) for
269 patients in olaparib groups and 161 patients in placebo
groups. One trial (Oza 2015) compared olaparib plus pacli-
taxel and carboplatin versus paclitaxel and carboplatin in
ovarian cancer treatment. PFS was significantly longer in
olaparib plus paclitaxel and carboplatin group (median 12.2
months) than in paclitaxel and carboplatin group (median 9.6
months) (HR=0.21, 95% CI=0.08 to 0.55, n=41, P=0.002).
Additionally, a meta-analysis of the one comparative trial
(Kaye 2012) between olaparib 200 mg or 400 mg and PLD
(50 mg/m?) showed no significant difference in median PFS
(HR=0.88, 95% CI=0.50 to 1.56, =96, P=0.66).

Overall survival (OS)

Four trials reported the data concerning OS in ovarian
cancer with 353 patients in olaparib groups compared to
214 patients in other intervention groups. OS was slightly

increased in ovarian cancer patients with olaparib contrast
to placebo or other chemotherapy (HR=0.75, 95% CI=0.56
to 0.99, n=567, P=0.05; Figure 3). A fixed-effect model
for heterogeneity revealed this result (P=0.54, 1°=0%). We
assessed the quality of this evidence to be moderate.

In terms of olaparib and placebo treatment for plati-
num-sensitive ovarian cancer patients with BRCA muta-
tions, one trial of Ledermann 2016 (September) reported
the 5-year survival and one trial of Pujade-Lauraine 2017
did not mention the data cutoff for survival in both groups.
The OS in these trials was significantly higher in olaparib
groups compared with placebo groups (HR=0.69; 95%
CI=0.51-0.95, n=430, P=0.02). Moreover, in comparison
of olaparib and other chemotherapy drugs for ovarian
cancer, two trials showed no evidence of a change in OS
(Oza 2015, HR=1.28, 95% CI=0.39-4.20, n=41, P=0.68;
Kaye 2012, HR=1.01, 95% CI=0.44-2.32, n=96, P=0.98).

Quality of life
Three trials reported quality of life in olaparib-treated
ovarian cancer patients with BRCA mutations (n=526).

submit your manuscript

3068

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove Ma et al
PFS
Experimental Control Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV. Random. 95% CI IV. Random. 95% CI
2.1.1 olaparib vs PLD
Kaye 2012 -0.1278 0.2906 64 32 25.8% 0.88 [0.50, 1.56]
Subtotal (95% Cl) 64 32 25.8% 0.88 [0.50, 1.56]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.44 (P = 0.66)
2.1.2 olaparib vs placebo
Ledermann 2014 -1.7148 0.2999 74 62 25.5% 0.18[0.10, 0.32] ——
Pujade-Lauraine 2017 -1.3863 0.1676 195 99 29.2% 0.25[0.15, 0.35] =
Subtotal (95% Cl) 269 161  54.7% 0.23 [0.17, 0.31] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.91, df = 1 (P = 0.34); 1> = 0%
Test for overall effect: Z = 10.01 (P < 0.00001)
2.1.3 olaparib plus paclitaxel and carboplatin vs paclitaxel and carboplatin
Oza 2015 -1.5606 0.4924 20 21 19.5% 0.21[0.08, 0.55] G e
Subtotal (95% Cl) 20 21 19.5% 0.21 [0.08, 0.55] =i
Heterogeneity: Not applicable
Test for overall effect: Z = 3.17 (P = 0.002)
Total (95% CI) 353 214 100.0%  0.31[0.15, 0.62] -
Heterogeneity: Tau? = 0.40; Chi? = 18.31, df = 3 (P = 0.0004); I = 84% o 0*1 1*0 s
Test for overall effegt: Z=3.32 (P,2= 0.0009) 2 Favours [experimental] Favours [control]
Test for subgroup differences: Chi“ = 17.40, df = 2 (P = 0.0002), I* = 88.5%
os Experimental Control Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV. Fixed. 95% CI IV. Fixed. 95% CI
2.2.1 olaparib vs PLD
Kaye 2012 0.01 0424 64 32 11.6% 1.01[0.44,2.32]
Subtotal (95% Cl) 64 32 11.6% 1.01[0.44, 2.32] "
Heterogeneity: Not applicable
Test for overall effect: Z =0.02 (P = 0.98)
2.2.2 olaparib vs placebo
Ledermann 2016 (Sep) -0.478 0.211 74 62 46.7% 0.62[0.41, 0.94] —
Pujade-Lauraine 2017 -0.2231 -0.2398 195 99 36.1% 0.80[0.50, 1.28] —-
Subtotal (95% Cl) 269 161 82.8% 0.69[0.51, 0.95] S 2
Heterogeneity: Chi” = 0.64, df = 1 (P = 0.42); 1> = 0%
Test for overall effect: Z = 2.32 (P = 0.02)
2.2.3 olaparib plus paclitaxel and carboplatin vs paclitaxel and carboplatin
Oza 2015 0.2469 0.6064 20 21 5.6% 1.28[0.39, 4.20] —
Subtotal (95% Cl) 20 21 5.6% 1.28 [0.39, 4.20] il
Heterogeneity: Not applicable
Test for overall effect: Z=0.41 (P = 0.68)
Total (95% Cl) 353 214 100.0% 0.75[0.56, 0.99] &
ity: Chi? = = = 2= I } + {
Heterogeneity: Chi“ = 2.16, df = 3 (P = 0.54); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 2.00 (P = 0.05)
Test for subgroup differences: Chi? = 1.52, df = 2 (P = 0.47), 1> = 0%

Favours [experimental] Favours [control]

Figure 3 Forest plot of the HR and 95% CI on the progression-free survival (PFS) and overall survival (OS).

As the validated measure of quality of life, the Functional
Assessment of Cancer Therapy-Ovarian Cancer (FACT-0O)
questionnaires were collected from baseline to disease
progression. Two trials found no statistical difference in
the total FACT-O score between olaparib and placebo
groups (Ledermann 2016 [November], OR=1.38, 95%
CI=0.58-3.39, P=0.47; Friedlander 2018, mean —0.03
points, P=0.98). In another trial (Kaye 2012), a higher
improvement was noted for olaparib compared with PLD
for the total FACT-O score (OR=7.23, 95% CI=1.09—
143.3, P=0.039). We analyzed the quality-of-life data
from the three trials and calculated the combination of P-
value by Fisher test using STATA 11.0. The value of

Chi-square was 12.20, and the combination of P-value
was 0.058. The results indicated no appreciable difference
in the quality of life for patients receiving olaparib com-
pared with placebo or PLD.

Adverse events

As there are various adverse events caused by olaparib and
the other different chemotherapy drugs (PLD and pacli-
taxel plus carboplatin), we examined the seven most com-
mon adverse events including anemia, fatigue, vomiting,
diarrhea, nausea, constipation, and abdominal pain. The
adverse events with grade 1-4 were evaluated according to
common terminology criteria for adverse events. Overall
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summary statistics showed the increased incidence in five
adverse events (anemia, fatigue, diarrhea, nausea, and
vomiting) between olaparib and the comparator drugs.

Anemia

In three trials with 526 participants (Figure 4), olaparib
increased the overall risk to suffer low-grade and high-
grade anemia compared with other interventions (grade 1—
2: RR=4.42, 95% CI=2.27-8.60, P<0.0001; grade 3—4:
RR=7.63, 95% CI=2.57-22.67, P=0.0003). And we
assessed the quality of this evidence to be high in anemia.
There was a lower heterogeneity in anemia (grade 1-2:
P=0.92, I’=0%; grade 3—4: P=0.91, I’=0%) among the two
subgroups. The subgroup analysis indicated that there was
no significant difference in the occurrence of anemia
between olaparib and PLD groups, while olaparib caused
a risen accidence of anemia compared with placebo.

Fatigue

In overall analysis involving 526 patients, the occurrence
of low-grade fatigue was increased by olaparib compared
with other interventions (grade 1-2: RR=1.49, 95%
CI=1.21 to 1.84, P=0.0002, fixed-effect model), while
high-grade fatigue induced by olaparib was similar with
other interventions (grade 3—4: RR=1.63, 95% CI=0.67—
3.98, P=0.28, fixed-effect model, Figure 4). The subgroup
analysis showed a significant difference between olaparib
and placebo groups. The results of the meta-analysis pre-
sented lower and moderate heterogeneity (grade 1-2:
P=0.47, ’=0%; grade 3—4: P=0.15, I’=51.6%). And we
assessed the quality of this evidence to be moderate.

Vomiting

Three trials were enrolled to evaluate the risk of vomiting
including 526 patients with BRCA-mutated ovarian cancer
(Figure 5). For overall analysis, low-grade vomiting
occurred more frequently (grade 1-2: RR=2.08, 95%
CI=1.48-2.93, P<0.0001, fixed-effect model) and high-
grade vomiting presented no difference (grade 3—4:
RR=1.97, 95% CI=0.50-7.80, P=0.33, fixed-effect
model) in olaparib treatment compared with other inter-
ventions. For subgroup analysis, an increased risk of low-
grade vomiting occurred in olaparib groups compared to
placebo groups (grade 1-2: RR=2.34, 95% CI=1.56-3.51,
P<0.0001). No differences in the risk of suffering vomit-
ing were found between olaparib and other chemotherapy
drugs. The results showed lower heterogeneity (grade 1-2:
P=0.21, I’=37.4%; grade 3—4: P=0.28, I’=15.6%). And we

assessed the quality of this evidence to be high in low-
grade vomiting and moderate in high-grade vomiting.

Diarrhea

In overall analysis, the risk of suffering low-grade (grade
1-2) diarrhea was increased (RR=1.46, 95% CI=1.06—
2.03, P=0.02, fixed-effect model), while the diarrhea
high-grade (grade 3—4) showed no difference with olaparib
vs other interventions in three trials (RR=0.76, 95%
CI=0.21-2.71, P=0.67, fixed-effect model, n=526). In sub-
group analysis, olaparib increased the incidence rate of
low-grade diarrhea in ovarian cancer patients when com-
pared with placebo (RR=1.56, 95% CI=1.08-2.25,
P=0.02), while olaparib showed no difference in the inci-
dence of high-grade diarrhea compared with other inter-
ventions. There was a considerable heterogeneity in grade
3—4 diarrhea (P=0.10, 1’=63.4%) and a lower heterogene-
ity in grade 1-2 diarrhea (P=0.43, I’=0%) between the two
subgroups. And we assessed the quality of this evidence to
be moderate (Figure 5).

Nausea

The occurrence of nausea was seen in three trials with
olaparib vs placebo or other chemotherapy drugs in 526
ovarian cancer patients (Figure 6). Compared with other
interventions, the frequencies of low-grade nausea (ran-
dom-effect model) were significantly increased in patients
who received olaparib treatment (RR=1.87, 95% CI=1.33—
2.63, P=0.0004). And we assessed the quality of this
evidence to be moderate. There was a substantial amount
of heterogeneity in low-grade nausea (grade 1-2: P=0.02,
1°=81.7%) and a lower heterogeneity in high-grade nausea
(grade 3-4: P=0.22, ’=33.8%) between the two sub-
groups. Compared with placebo, olaparib could cause
more low-grade nausea (RR=2.21, 95% CI=1.75-2.79,
P<0.00001). However, no significant difference in nausea
was found between olaparib and other interventions.

Constipation

Three trials including 526 patients were assessed for the
incidence of constipation (Figure 6). As a result, there was
no statistically significant difference for olaparib compared
with other interventions in overall analysis (RR=0.92, 95%
CI=0.50-1.70, P=0.80, random-effect model; RR=0.43,
95% CI=0.01-13.85, P=0.63, random-effect model). And
we assessed the quality of this evidence to be moderate in
1- to 2-grade constipation and high in 3- to 4-grade con-
stipation. There was a higher heterogeneity in constipation
(grade 1-2: P=0.04, 1°=76.0%; grade 3-4: P=0.10,
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Abdominal pain

E Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.15.1 olaparib vs PLD |
Kaye 2012 18 64 10 32 19.6% 0.90[0.47, 1.72] g S
Subtotal (95% ClI) 64 32 19.6%  0.90[0.47,1.72] *

Total events 18 10

Heterogeneity: Not applicable

Test for overall effect: Z = 0.32 (P = 0.75)

2.15.2 olaparib vs placebo

Ledermann 2014 17 74 16 62 25.6% 0.89[0.49, 1.61] T i
Pujade-Lauraine 2017 42 195 28 99 54.7% 0.76 [0.50, 1.15] 5di
Subtotal (95% CI) 269 161 80.4%  0.80[0.57,1.13] &>
Total events 59 44

Heterogeneity: Chi? = 0.18, df = 1 (P = 0.67); 1> = 0%

Test for overall effect: Z = 1.27 (P = 0.20)

Total (95% CI) 333 193 100.0%  0.82[0.61, 1.11] L
Total events 7 54

Heterogeneity: Chi? = 0.28, df = 2 (P = 0.87); 12 = 0% ol ol Py 1;) 00

Test for overall effect: Z = 1.28 (P = 0.20)
Test for subgroup differences: Chi? = 0.09, df = 1 (P = 0.76); I = 0%

Experimental Control
2.16.1 olaparib vs PLD
Kaye 2012 2 64 2 32 285%
Subtotal (95% CI) 64 32 28.5%
Total events 2 2

Heterogeneity: Not applicable
Test for overall effect: Z=0.71 (P = 0.48)

2.16.2 olaparib vs placebo

Ledermann 2014 0 74 2 62 29.0%
Pujade-Lauraine 2017 5 195 3 99  42.5%
Subtotal (95% CI) 269 161 71.5%
Total events 5

5
Heterogeneity: Chi? = 0.93, df = 1 (P = 0.33); 1> = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

Total (95% CI)
Total events 7 7

Heterogeneity: Chi? = 0.96, df = 2 (P = 0.62); 1> = 0%

Test for overall effect: Z = 1.14 (P = 0.26)

Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.91); 1> = 0%

333 193 100.0%

Figure 6 (Continued)

’=63.3%) among the two subgroups. In subgroup analy-
sis, olaparib was associated with a lower occurrence of
low-grade constipation compared with PLD (grade 1-2:
RR=0.50, 95% CI=0.25-0.99, P=0.05).

Abdominal pain

Three trials evaluated the occurrence of abdominal pain in
526 ovarian cancer patients treated with olaparib or other
chemotherapy (Figure 6). Subgroup analyses were noted
with lower heterogeneity (grade 1-2: P=0.76, 1*=0%;
grade 3—4: P=0.91, I’=0%). The overall results showed
that the occurrence of abdominal pain in olaparib groups
was similar to that in other intervention groups (grade 1-2:
RR=0.82, 95% CI=0.61-1.11, P=0.20, fixed-effect model;
grade 3—4: RR=0.55, 95% CI=0.20-1.54, P=0.26, fixed-
effect model). And the quality of this evidence was
assessed to be moderate.

Discussion

This review included four studies of RCTs (seven reports)
that evaluated the efficacy and safety of olaparib mainte-
nance therapy vs other interventions in women with

Favours [experimental] Favours [control]

Risk Ratio Risk Ratio
-H, Fi % Cl M-H, Fixed, 95% Cl
0.50 [0.07, 3.39] 1
0.50 [0.07, 3.39] ——=ET——
0.17[0.01, 3.44] -
0.85[0.21, 3.47) ——
0.57 [0.17, 1.93] i
0.55 [0.20, 1.54] i
b ' " .
0.01 01 1 10 100

Favours [experimental] Favours [control]

advanced ovarian cancer. These trials enrolled 567 patients
with BRCA-mutated recurrent epithelial ovarian, epithelial
fallopian tube, or primary peritoneal cancer, which had
received platinum-based chemotherapy at least 6 months
before entering the trials. Then, the patients were rando-
mized to receive olaparib at a dose of 300 mg or 400 mg
twice daily, or olaparib 200 mg twice daily plus other
chemotherapy. Treatment continued until disease progres-
sion, unacceptable toxicity (adverse events), death, or dis-
continuation for other reasons. It was noteworthy that a
randomized trial (Kaye 2012) compared olaparib doses
and found that the 400 mg dose (8.8 months, 95%
CI=5.4-9.2 months) was superior to the 200 mg dose
(6.5 months, 95% CI=5.5 to 10.1 months) for median
PFS times. So, 400 mg is possibly the recommended
dose. Our analyzing results indicated that olaparib main-
tenance therapy led to a significantly longer PFS and a
slightly better OS in ovarian cancer patients. For the
health-related quality of life using FACT-O questionnaires,
there were no significant differences in improvement or
worsening rates between the olaparib group and other
the included studies, the

intervention groups. In

submit your manuscript

3074

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Ma et al

tolerability profile of olaparib treatment was consistent
with that reported previously.?*>? Compared with pla-
cebo, olaparib caused the most common adverse events
including diarrhea, nausea, vomiting, anemia, and fatigue
at the doses of 300 mg or 400 mg twice per day. However,
compared with other chemotherapy drugs, olaparib could
not increase the incidences of most adverse events. The
meta-analysis results confirmed that olaparib maintenance
therapy was generally effective and well tolerated in
patients with BRCA-mutated advanced ovarian cancer.
This review is applicable to patients with recurrent
high-grade BRCA-mutated ovarian cancer. As a PARP
inhibitor, olaparib is intended for patients with heavily
pretreated ovarian cancer that is associated with defec-
tive BRCA genes.'* The BRCA genes are involved with
repairing damaged DNA and normally work to sup-
press tumor growth. BRCA mutations have an increased
risk in the most common type of ovarian cancer.’”
About 10-15% of all ovarian cancers are associated
with these hereditary BRCA mutations. So, BRCA-
mutated status in the patients with ovarian cancer was
required to detect before olaparib treatment. Compared
to the patients with wild-type or unknown BRCA sta-
tus, the greatest PFS benefit from olaparib maintenance
therapy was observed in patients with BRCA
19.20.25.31.32 - A dditionally, data

suggested that olaparib might potentiate the efficacy

mutations. preclinical
of DNA-damaging chemotherapies in ovarian cancer,

including  platinum-containing  drugs such as
carboplatin.’**> In the patients with platinum-sensitive
relapsed serous ovarian cancer, olaparib maintenance
treatment significantly improved the duration of PFS
compared with placebo.'®?° However, retreatment with
platinum-based chemotherapy poses the risks including
exacerbation of residual neuropathy, enhanced myelo-
suppression, or onset of hypersensitivity reactions to
platinum.*®37 Olaparib plus cediranib as maintenance
therapy instead of platinum-containing chemotherapy
would potentially reduce this risk while prolonging
the platinum-free interval.*®

Using the GRADE system, the available evidence was
sufficient for the review authors to make valuable con-
clusions in assessing the efficacy and safety of olaparib
for patients with ovarian cancer (Figure 7). For the out-
come of PFS, we did not downgrade the quality of evi-
dence, as although heterogeneity was high (I°=84%),

which might be responsible for different dose levels of

olaparib tested, different comparator drugs, olaparib com-
bination therapy vs olaparib monotherapy. For the out-
come of OS, we downgraded the quality of evidence to
be moderate, as heterogeneity was low (I’=0%). The
outcome adverse events were judged as moderate to
high, and I” ranged from 0% to 64%.

There were two previous meta-analyses pre-dating our
review. Liang 2015 published a meta-analysis that exam-
ined three RCTs,'**** finding that olaparib maintenance
therapy significantly improved PFS (HR=0.50, 95%
CI=0.32-0.80), but had no significant advantage on OS
(HR=0.99, 95% CI=0.78—1.25) in the patients with recur-
rent serous ovarian cancer.’’ In the analyses of toxicity
profile, they found the common adverse events including
nausea, emesis, abdominal pain, constipation, and anemia
with 1 or 2 degrees. Another meta-analysis evaluated four
RCTs and mainly tested the therapeutic effect and safety of
PARP inhibitors (olaparib, cyclophosphamide, and veli-
parib) on recurrent epithelial ovarian cancer.'” Similarly,
olaparib could improve PFS (HR=0.35, 95% CI=0.25 to
0.49; HR=0.42, 95% CI=0.29-0.60) but not influence OS
(HR=1.05, 95% CI=0.79-1.39), when used as maintenance
treatment. In addition, olaparib might cause few severe
adverse events (grade 3—4). There is an agreement in the
findings of the previous reviews related to the PFS out-
come as yet reported, while the outcomes of OS and
adverse events in our review are different from these
reviews. So our review will be updated when PFS, OS,
and toxicity data become available. In addition, compared
with Liang 2015, we added the assessments on the bias of
risk and the quality of evidence to make the results more
accurate.

Conclusion

As evidenced from our pooled data from 567 patients
examined in our review, olaparib maintenance therapy
(mostly administered orally at the dose of 400 mg) was
as effective and well tolerated as other therapies with
respect to efficacy (mainly measured by PFS, OS, and
quality of life) and adverse events. There was high-qual-
ity evidence that women with different types of ovarian
cancer who received olaparib had significant improve-
ments in PFS. Moreover, we considered that olaparib
slightly prolonging OS in patients belonged to moder-
ate-quality evidence. Related to seven adverse events, the
evidence ranged from moderate to high quality. Except
for the included RCTs in our review, other RCTs about
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Olaparib compared to other interventions for

ovarian cancer patients with BRCA mutation

Patient or
Settings:
Intervention: olaparib

patients with plati itive BRCA tated ovarian cancer

Comparison: other interventions

Illustrative comparative risks* (95% Cl)
ssumed risk Corresponding risk
Other interventions Olaparib

PFS The mean pfs in the intervention groups was 567 000
0.31 higher (4 studies) high'2
(0.15 to 0.62 higher)
0s The mean os in the intervention groups was 567 [T
0.75 higher (4 studies) moderate’
(0.56 0 0.99 higher)
Grade 1-2 anemia Study population RR 4.42 526 &?&39?
47 per 1000 206 per 1000 (2.27 t0 8.6) (3 studies) high"
(106 to 401)
Moderate
32 per 1000 141 per 1000
(73 to 275)
Grade 1-2 fatigue Study population RR 1.49 526 CIETTE]
368 per 1000 548 per 1000 (1.21 to 1.84) (3 studies) moderate’
(445 to 677)
Moderate
374 per 1000 557 per 1000
(458 to 688)
Grade 1-2 vomiting Study population RR2.08 526 DODD
766 per 1000 345 per 1000 (1.48 to 2.93) (3 studies) high'?
(245 to 486)
Moderate
182 per 1000 379 per 1000
(269 to 533)
Grade 1-2 diarrhea Study population RR 1.46 526 [CEIC]
202 per 1000 295 per 1000 (1.06 to 2.03) (3 studies) moderate’
(214 to 410)
Moderate
202 per 1000 295 per 1000
(214 to 410)
Grade 1-2 nausea Study population RR 1.87 526 DDDO
358 per 1000 569 por 1000 (1.33 t0 2.63) (3 studies) moderate’
(475 to 940)
Moderate
333 per 1000 623 per 1000
(443 to 876)
Grade 1-2 constipation Study population RR0.92 526 |
202 per 1000 186 per 1000 (0.5t0 1.7) (3 studies) moderate
(101 to 344)
Moderate
202 per 1000 186 per 1000
(101 to 343)
Grade 1-2 abdominal pain Study population RR 0.82 526 EEEE)
280 per 1000 325 per 1000 (0.61 to 1.11) (3 studies) moderate’
(171 to 311)
Moderate
283 per 1000 232 per 1000
(173 to 314)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the

relative effect of the intervention (and its 95% Cl)

Cl: Confidence interval; RR: Risk ratio;

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimte of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

" The quality of evidences was downgraded when unclear or high risk of bias occured.
2 The quality of evidences was upgraded when the value of HR/RR was >2 or <0.5.

Figure 7 Quality of the evidence.

ovarian cancer patients with olaparib treatment are still
ongoing.*** Therefore, the publication of more survival
and safety data from ongoing studies will contribute to
future analyses.

Studies powered to detect the outcomes of efficacy and
safety in ovarian cancer patients using olaparib mainte-
nance therapy are needed. We await the results of other
Phase II and III studies, NCT02392676, NCT03117933,
NCT01844986, and NCT02282020, which further assess
and update the outcomes including survival, quality of life,
and toxicity in ovarian cancer patients with olaparib
treatment.***> Future studies will also compare and ana-
lyze the efficacy and toxicity of olaparib at different doses.
Additionally, it would be informative to consider also the
response to olaparib in patients of wild type or unknown

BRCA status, affected by ovarian cancer, or by different
cancers such as prostate cancer that also benefit from
olaparib treatment.*®
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