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Abstract

Purpose: To assess the efficacy and safety of Olaparib, a PARP inhibitor on progression-free sur-
vival (PFS), objective response rate (ORR) and overall survival (0S) in patients with breast and
ovarian cancer. Methods: Research data from clinical trials through PubMed, Science Citation In-
dex, Elsevier Science Direct and Cochrane Library of all published studies exploring the PFS, ORR
or OS of Olaparib for maintenance monotherapy on survival in breast and ovarian cancer were
analysed. Pooled estimates of the ORR, weighted medians of PFS and OS from all Olaparib were
calculated. Assessment of quality and level of evidence was assigned by Cochrane guidelines and
guidelines of Oxford Centre for Evidence-Based Medicine. Results: Data of 893 patients (731 ola-
parib; 162 control) from 6 trials, 2 randomised controlled trials and 4 non-randomised trials,
were included. The overall median weighted PFS and OS in patients treated with Olaparib were 5.9
and 19.1 months, respectively. The pooled ORR was 25%. Olaparib showed a greater effect on PFS
in patients with both wild-type BRCA and BRCA mutant gene. The most common toxicity were
nausea and vomiting. Conclusions: Olaparib as maintenance monotherapy for breast and ovarian
cancer is associated with promising outcomes including increased response rate and improved
PFS. Its potential in clinical application is needed for further investigation in phase III trials.
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1. Introduction

Breast and ovarian cancer is the leading cause of cancer-associated mortality among women. Approximately
90% hereditary breast-ovarian cancer (HBOC) syndrome is associated with BRCAL and BRCA2 gene mutations
[1] which have been shown high-penetrance genes for a woman’s risk of breast and ovarian cancer by genetic
studies [2]. Research data has demonstrated that BRCAs are essential members of homologous recombination
(HR) in DNA double-strand breakage (DSB) repair with a “guardian angel” function in maintaining genomic
integrity and cell survival [3].

Given the fact that patient with BRCAs gene mutation is predisposing to breast-ovarian cancer, it makes an
important priority to develop potential agents to target it and/or other downstream signal pathway involved in
DSB repair to exert synthetic lethality. Enzyme poly (adenosine diphosphate [ADP]-ribose) polymerases (PARP)
is implicated in single strand break repair that cells with BRCA-deficiency rely on PARP-dependent base exci-
sion repair (BER). PARP inhibitors (PARPI) represent a new directions for combination therapies based on the
notion of synthetic lethality on HR and BER [4]. Preclinical study has demonstrated that PARPI significantly
prolonged survival in BRCA-mutant mice, but did not affect survival in wild-type BRCA ones [5]. Olaparib, a
potent PARP inhibitor, exhibits promise in clinical treatment of breast-ovarian cancer and cancers with defect in
DNA repair pathways [6].

Accumulating evidences indicate that Olaparib holds the promise in tolerability and efficacy even in a long-
lasting maintenance setting [7]. The preliminary data from phase I clinical trials have shown that the clinical
benefit could be achieved with the maximum tolerated dose (MTD) 400 mg twice daily [8]-[10]. Furthermore,
PARP inhibition correlates with platinum sensitivity in addition to showing a benefit in platinum-resistant pa-
tients. Safety is an important issue required to focus on. Monotherapy is universally well tolerated at dosage up
to the MTD of 400 mg bid. The most common adverse effects related to Olaparib are fatigue and gastrointestinal
symptoms such as nausea and vomiting [11]. Ledermann J. et al. have reported in the randomized double-blind
study that maintenance treatment with Olaparib significantly extended progression-free survival (PFS, hazard
ratio 0.35 with 95% CI of 0.25 - 0.49, P < 0.001), but not overall response rate (ORR) and overall survival (OS)
among patients with platinum-sensitive, relapsed, high-grade serous ovarian cancer [12]. Whereas two other
studies have shown that Olaparib of 400 mg twice daily achieved higher ORR and PFS than 100 mg twice daily
in BRCA-mutated advanced breast cancer and recurrent ovarian cancer, respectively [13] [14].

Although Olaparib is a new avenue of anticancer drug in the treatment and maintenance of recurrent ovarian
cancer in early clinical trials, it is far from standard therapy. Given limited and contradictory clinical effects, we
perform a pooled data analysis from current phase Il clinical trials to investigate the efficacy and toxicity of
Olaparib with different regimens. We also evaluate the consistency of these trials and intend to explore the ben-
efit and risk for its treatment outcome.

2. Patients and Methods
2.1. Search Strategy and Selected Trials

Trials were identified on April 11, 2015 from electronic publication databases of PubMed, Science Citation In-
dex, Elsevier Science Direct and Cochrane Library. The search strategy used the following search terms in
“(((Olaparib[Title/Abstract]) AND ovarian cancer [Title/Abstract])) OR ((Olaparib[Title/Abstract]) AND breast
cancer [Title/Abstract])” and defined article type as “Clinical Trial” in PubMed; “Olaparib” were used as a
keyword in searching other database. The ASCO (American Society of Clinical Oncology; www.asco.org) and
ESMO (European Society for Medical Oncology; www.esmo.org) annual meeting abstracts were reviewed to
identify any other trials that had presented final mature (not preliminary) data and these study would be eligible
for consideration in the analysis.

Eligible studies were 1) phase II clinical trials evaluating the outcome of patients taking Olaparib alone orally
as maintenance treatment in breast and ovarian cancer; 2) patients included presenting with pathologically diag-
nosed breast or ovarian cancer; 3) germline BRCA mutation status provided. When reports overlapped or were
duplicates, we retained the data with the longest follow-up. Eligible trials were independently selected by two
reviewers and disagreements were resolved by the third reviewer. We excluded the trial which combined Olapa-
rib with other drug as maintenance therapy and pretreated with Olaparib before maintenance. Besides, phase |

trials were also excluded.
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2.2. Data Extraction

Data from the selected trials were extracted and summarized independently by two of the authors. Any discre-
pancy was resolved by the adjudicating senior authors. A predesigned data extraction table was used to record
registration number, first author, published year, tumor type, chemotherapy regimens, patient characteristics and
BRCA mutation. The following data were extracted: number of patients in each arm, PFS, ORR and OS (overall
and by patient subgroup), hazard ratios (HRs) for PFS, ORR and OS and their 95% confidence intervals (Cls) if
possible; rates of major toxic effects (i.e. nausea, vomiting, fatigue, anaemia, diarrhea, constipation and abdo-
minal pain). If HR was not directly presented, we estimated the log HR from the survival curves by the graphics
software Engauge Digitizer 4.1. To assess trial quality we record the items regarding blinding, randomization
including stratification factor and allocation concealment, follow-up time if possible by arm, number of patients
lost to follow-up by arm and intention-to-treat analysis.

2.3. Statistical Analysis

Data (events) were derived directly from eligible articles, extracted from survival curves by specific software
(Engauge Digitizer 4.1 and program calculating HR developed by Jayne F. Tierney et al. [15]), or calculated by
percentage in each article. Data were analyzed from all patients enrolled on an intention-to-treat basis if possible.
We only analyzed the patients enrolled in summary data in trials. The main outcomes are summarized using de-
scriptive statistics. The primary endpoint was PFS defined as the continued survival in the absence of evidence
for progression of disease. The secondary endpoints were carried out on ORR—the percentage of patients
achieving a complete response (CR) or a partial response (PR) defined by RECIST (Response Evaluation Crite-
ria in Solid Tumors), and OS defined as time from randomization to death and the rate of adverse effects. For all
analyses of effect sizes, the main analysis included all the eligible trials.

According to Cochrane Handbook for Systematic Review of Interventions, there is no single recommended
instrument for non-randomized study, for which the methods that the Collaboration recommends for randomized
trials is applied. The methodological quality was assessed by a validated scale (range, 0 to 5) to estimate the
items that affect the intervention efficacy. It was reported by Jadad et al. [16] that the scale consisted of factors:
randomization methods, stratification factors, blinding, follow-up and intention-to-treat analysis.

Levels of evidence and grades of recommendation were assigned by guidelines of Oxford Centre for Evi-
dence-Based Medicine [17] (CEBM, version March 2009).

The pooled data estimates of proportions with corresponding 95% Cls of ORR data were calculated and
showed in forest plots. All analyses were performed using Stata statistical software 12.0 (Stata Corporation,
College Station, Texas, USA).

3. Results

Search strategy yielded 176 articles (Shown in Figure 1), 170 of them did not fulfill inclusion criteria. Reasons
for exclusion were as follows: 105 were reviews, news and preclinical studies; 47 were excluded for duplicates
that one or several of them reported the same trials in different articles or conference abstract; 19 publications
were phase | trials, retrospective studies and other diagnoses. Six trials including 893 cases (731 cases for Ola-
parib and 162 cases for control) fulfilled the predefined inclusion criteria and were enrolled in the final analysis,
which is finally approved by all reviewers. There is no further study for evaluation found by extensive search the
references listed for these studies and for the review articles. The detailed statistical reports were available for
Kaye S.B. etal. [12] [18] [19].

3.1. Characteristics of Eligible Studies

The characteristics for included studies are shown in Table 1. Tutt A. et al. [14] specified advanced breast can-
cer; Audeh M.W. et al. [12] [13] [19] prescribed Olaparib to patients with recurrent ovarian cancer; Gelmon
K.A. et al. [18] required both breast and ovarian cancer but data for breast cancer was closed for no confirmed
response rate; Kaufman B. et al. [20] recruited patients with advanced cancers including ovarian, breast, pan-
creatic and prostate cancer and we only analyzed data of ovarian and breast cancer. Germline BRCA mutation
carrier was an inclusion criteria in 4 trials [13] [14] [19] [20]; while patients with or without BRCA mutation
were enrolled but the status of BRCA genes was offered in other two trials [12] [18] which presented data for
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Records indentified through database
searching (including conferences abstracts)

n=176

105 irrelevant studies:

reviews, news and

Records after removing irrelevant studies
by title/abstract/language screening
n=71

preclinical research

Records after deplicates removed
n=25

19 publications excluded:

Phase I trials, retrospective

Full-text articles assessed for eligibility

n==6

studies and studies aim to

other type tumor

Figure 1. Selection of publications included in the pooled analysis.

Table 1. Characteristics of the six analyzed trials.

Outcome

ORR was higher in 400 mg
dosage cohort than in 100

mg dosage cohort

ORRs were confirmed and

. Patients
. . BRCAL/2 Primary - .
Trial/Year Design mutation end point Randomisation Treatment arms |na$?]::h
Andrew Non-randomised,
Tutt, seguentlal gohort Yes ORR NA 400 mg b!d 27
2010 [14] design, multicentre, 100 mg bid 27
phase Il
M. William  Non-randomised, .
Audeh, prospective, Yes ORR NA 188 mg B:g gi
2010 [13]  multicentre, phase Il g
Karen A. Non-randomised, . Breast cancer 26
With or 400 mg bid
Gelmon, open-label, - ORR NA .
2011 [18]  multicentre, phase Il without Ovarian cancer 65
' 400 mg bid
Stan B. Randomized, 200 mg bid 32
Kaye. 2012 prospective, open-label, Yes PFS 1:1:1 400 mg bid 32
[19] multicenter, phase Il PLD 50 mg/m? 33
Jonathan -
Ledermann, Randomged, With or . 400 mg bid 136
double-blind, - PFS 11
2014 hase 2 stud without Placebo 129
[12] [23] P Y
Breast cancer 62
400 mg bid
Non-randomized Ovarian cancer 193
Bella rospective ' Tumor 400 mg bid
Kaufman, ?nul tlijcentery Yes response NA Pancreatic cancer 23
2015 [20] hase II ' rate 400 mg bid
P Prostate cancer 8
400 mg bid
other 12

duration of response in the
two cohorts (33% vs. 13%)

Confirmed objective
responses were reported
in patients with ovarian

carcinoma (29%),
particularly in
BRCA mutation cohort

There was no statistically
significant difference
in PFS (p = 0.66)

PFS was significantly
longer with olaparib than
with placebo (p < 0.001)

Tumor response rate was
31.1% and 12.9% of
patients with ovarian

and breast cancers,
respectively
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PFS, ORR and OS in BRCA mutation group and wild-type BRCA group. All patients had received at least one
chemotherapy regimen. Chemotherapy regimens consisted of platinum-based chemotherapy, taxane therapy,
anthracycline, capecitabine and targeted therapy.

Patients in all trials were continuously treated with oral Olaparib with a dosing interval of about 12 hours until
disease progression or unacceptable toxicity. The regimen for Olaparib for all trials was set up with a dose of
400 mg twice per day; while Tutt A. et al. and Audeh M.W. et al. compared two dosage of Olaparib (400 mg bid
and 100 mg bid) and Kaye S.B. et al. evaluated 400 mg bid, 200 mg bid and pegylated liposomal doxorubicin.
Summary data for the experimental arms versus the control arm were not available.

3.2. Progression-Free Survival and Overall Survival

Median PFS was reported in all studies (Table 2). The overall median weighted PFS in patients treated with
Olaparib was 5.9 months ranging from 1.9 to 8.8 months. It was observed that low does (100 mg twice daily)
leaded to a low PFS (1.9 - 3.8 months) [13] [14] and 100 mg twice per day was the lowest PARP inhibitory dose
with clinical activity. The two treatment arms may be considered as an influential factor decreasing median PFS.
Median PFS in patients with BRCA mutation was 6.2 months ranging from 1.9 to 11.2 months. The overall me-
dian weighted OS was 19.1 months (range, 11.0 to 29.8 months) [12] [20]. The median overall survival was at
58% maturity in the overall population [12].

Table 2. Response to olaparib.

PFS ORR 0s
Trial Tumor type et
P arm Months HR % OR Months HR
(95% Cl)  (95% Cl) (95% Cl)  (95% CI) (95% Cl)  (95% Cl)
) 5.7 41%
400 mg bid NA NA NA
Andrew Advanced breast (46-74) 0.45 (25-59)
Tutt [14] cancer ) 38 (0.23-0.87)° 509
100 mg bid (19-55) (11- 41) NA NA NA
400 mg bid 58 33% NA NA NA
M. William (28-106) 47 (20-51)
varian cancer b
Auden [13] 100 mg bid 19 (O27-08D% 43¢ NA NA NA
Y (1.8-3.6) (4-31)
a . Data Data Data Data Data Data
Karen Breast cancer 400 mg bid closed closed closed closed closed closed
A. Gelmon
0,
[18] Ovarian cancer 400 mg bid @ 77;39 1 NA (139_/401) NA NA NA
. 6.5 0.91 o 1.90 . 0.66
200mgbid 5501y ag-17) 2% (os5-701) V32 (0.27 - 1.55)
Recurrent
StanB K& ovarian 400 mgbid . 88 086 31% 269 10/32° Lol
[19] cancer (5.4-9.2) (0.45-1.62) (0.81-9.76) (0.44 - 2.27)
PLD 71 . 2.27 .
50mg/m®  (3.7-10.7) 18%  (113-479) ~ 19/%8
. 8.4 0.35 o 3.36 29.8 0.88
Jonathan Recurrent 400 mg bid (7.4-11.5) (0.25-0.49) 12% (0.75-23.72) (27.2-35.7)% (0.64-1.21)
Ledermann ovarian 8 27
[12] 23] cancer Placebo (4.0-55) 4% (24.4-34.0)
Advanced . 12.9%
Bella breast cancer 400 mg bid 3.7 NA (5.7 -23.9) NA 11.0 NA
Kaufman Ad q 31104
20 'Vance! . A%
[20] ovarian cancer 200 mg bid 7.0 NA (246 -38.) NA 16.6 NA

HR: hazard ratio; OR: odds ratio; NA: not available. ®Data was closed for no comfirmed objective response; °HR data is exacted by Engauge Digitizer
4.1 and calculated by the file according to Jayne F. Tierney et al. “These data is the No. of deaths/No. of entered in each group for no median overall
survival and overall survival curve in the article; “The median overall survival was at 58% maturity in the overall population.
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3.3. Objective Response Rate

Response assessment was done by Response Evaluation in Solid Tumors (RECIST) in all trials. The ORR was
25% (range, 12.9% to 41%; P value for heterogeneity was < 0.0001; I* = 77.4%, random-effect model; Figure
2). At Ledermann J. et al. study entry, only 40% of the overall population had measurable disease and could be
assessed for an objective response [12].

3.4. Toxicity

The adverse effects were reported in all trials. The common toxicities included fatigue, nausea, vomiting, diarr-
hea, constipation, abdominal pain, dyspepsia and anaemia (Table 3). Among these nausea (range from 36% to
78%) and vomiting (range from 30% to 70%) were the most common toxicity.

Study %

ID ES (95% CI) Weight
Andrew Tutt, 400 mg -;—.— 0.41 (0.22, 0.60) 6.97
Andrew Tutt, 100 mg S S 0.22 (0.06, 0.38) 8.24
M William Audeh, 400 mg e 033(0.17,0.49) 8.04
M William Audeh, 100 mg | I 0.13 (-0.00, 0.26) 9.31
Karen A Gelmon, 400 mg —;—o— 0.29 (0.18, 0.40) 10.57
Stan B. Kaye, 400 mg N 0.31 (0.15, 0.47) 8.05
Stan B. Kaye, 200 mg —io— 0.25 (0.10, 0.40) 8.54
Jonathan Ledermann, 400 mg —— ; 0.12 (0.07, 0.17) 13.55
Bella Kaufman, breast, 400 mg —_— i 0.13 (0.08, 0.18) 13.68
Bella Kaufman, ovarian, 400 mg ;—4— 0.31 (0.25, 0.38) 13.05
Overall (I-squared = 77.4%, p = 0.000) <> 0.24 (0.17, 0.30) 100.00

T : T
-0.596 0 0.596

Figure 2. Pooled analysis for response rate. Cl indicates confidence interval.

Table 3. Toxicity analysis.

Events % (No. of events/No. entered)
Trials Arm Abdominal

Nausea  Fatigue Vomiting Anaemia Diarrhoea Constipation pain Dyspepsia
: 56%  56%  22% 15% 11% 7% 7%
Andrew 40mgbid g5y (sR7y @BRT) @R (GR7) ey TRERY . opy
Tutt [14] . Mm% 3% 15% 15% 7% 15% 4%
0omgbid 1oy @Ry @Ry @R @R @pry  HRERD - qp
. 8% 3% 12% 18% 15% 3% . 6%
M. William 200 Mabid - qgan (q133)  @B3)  (633) (5/33) sz GR35
Audeh [13] . 3% 3% 0% 17% 12% 8% . 12%
00mgbid — gpay (pay  (0R4)  (aR2a)  (3124) @ray 90024 qp
Karen A. Ovarian cancer 66% 70% 39% 23% o 23%
Gelmon[18] 400 mghid  (42/64)  (45/64)  (25064) A (15/64) NA - 20%(13/64) (1560
. 59%  41%  34% 12% 19% 28%
200mgbid gm0y (1332)  (1132) @32  (6/32) (o32) ST (232)  NA
Stan B. Kaye . 78%  66%  50% 31% 37% 16% .
[19] 40mgbid om0y 0132)  (16032)  (10/32)  (12/32) (5i32)  25%@B2)  NA
. 54%  45% . 30% 36% 36%
PLDS0mg/m™  (1g/33)  (15/33) 30% (10/33) 3% (1/33) ;35 (12/33) (12/33) NA
Sonath 400 ma bid 71%  52%  34% 21% 27% 21% 25% 18%
Le%’;i:n;r]‘n Y (96/136) (71/136) (46/136)  (29/136)  (37/136) (28/136) (34/136)  (24/136)
36% 3%  14% 24% 11% 26% 8%
[12] [23] Placebo 5% (7/129)
(46/129)  (50/129)  (18/129) (3U/129)  (14/129)  (34/129)  (11/129)
Breast cancer 53% 48% 0 26% 18% 8% 14%
Kii'r':an a00mgbid  (33062) (goie2) AP U8 gy (1162 NA (5/62) (9/62)
[20] Ovarian cancer 62% 60% 39% 32% 29% NA 30% 20%
400mgbid  (119/193) (116/193) (75/193) (62/193)  (56/193) (58/193)  (38/193)
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3.5. Assessment of Quality of Studies and Level of Evidence

The review of the articles revealed 2 randomized controlled trials and 4 non-randomized trials (Table 4). Only
Ledermann J. et al. was double-blind. However, all the primary endpoints, PFS or ORR were objective evalua-
tions, so the absence of blinding was not a problem. Five trials were intent to treat analysis except Gelmon K.A.
et al. The proportion of randomly assigned patients excluded from the analysis overall was 0.2% (Table 4).

Among these studies 2 trials (33.3%) [18] [20] are considered as single-arm trials for the reason that both of
them set up only one does (400 mg twice daily) for different type of tumor. They achieved level 4 evidence ac-
cording to guidelines of Oxford Centre for Evidence-Based Medicine owing to failed to clearly define compari-
son groups.

4. Discussions

To our best knowledge it is the first systematic review to evaluate the efficacy and safety of Olaparib for main-
tenance monotherapy in breast and ovarian cancer. This pooled data analysis included 6 trials that involved in
893 patients with advanced breast cancer or recurrent breast and ovarian cancer treated with Olaparib or other
anticancer agents as maintenance therapy and its results indicates that Olaparib shows promise as an effective
and tolerable treatment. In addition, there is the advantage of gaining pooled data analysis to objective describe
the PFS, ORR and OS, although there is a lack of homogeneity among the trials in many respects.

We focused on the monotherapy of Olaparib for the reason that combination therapy for advanced breast and
relapsed ovarian may achieve higher PFS and response rates but considerable higher incidence of adverse events
should not be ignored [21]. However, a study which compared efficacy between Olaparib alone and combination
of Olaparib and Cediranib in recurrent platinum-sensitive ovarian cancer has shown that PFS improved signifi-
cantly but grade 3 and 4 adverse events were more common in combination therapy group [22].

As a single agent, Olaparib has been shown to induce a response and beneficial effect in both BRCA-mutated
and wild-type BRCA patients [23]. Ledermann J. et al. reported the largest trial comparing efficacy between
Olaparib and placebo. The patients with platinum-sensitive relapsed serous ovarian cancer were enrolled. “Pla-
tinum-sensitive” relapse means that patients relapse more than six months after completion of first-line chemo-
therapy and further platinum-based treatment is usually given when relapsing [24] [25]. However, recent re-
search showed that non-platinum combination therapy was considered as a new choice. In a randomized clinical
trial, pegylated liposomal doxorubicin alone or in combination with Trabectedin, an anti-tumor drug resulting in
DNA backbone cleavage and cell apoptosis, was given and the risk of death significantly decreased [26]. In Le-
dermann J. et al, Olaparib also showed an improvement in increasing PFS (HR for progression, 0.35; 95% CI,
0.251t0 0.47; P < 0.001), but it is not able to show a difference in OS for the data was 58% maturity, meaning
that 38% of the patients had died at an interim analysis in 2012 when 101 death were recorded [12] [23]. How-
ever, both of them indicated an intriguing regimen that may be a feasible alternative to platinum-based treat-
ment.

Table 4. Quality of the four analyzed trials.

Randomisation Quality  Level of

Trials o Double-blind Follow-up Intent to treat (score)? evidence”
Andrew Tutt [14] non-randomised No No patients was lost. Yes 1 1
M. William Audeh [13] non-randomised No No patients was lost. Yes 1 1
. . 2 of 65 excluded
Karen A. Gelmon [18] non-randomised No No patients was lost. from analysis 1 4
Global

Stan B. Kaye [19] Randomization system No NA Yes 4 1

Jonathan Rate of loss to follow-up
Ledermann NA Yes 2.2% in olaparib group Yes 5 1

[12] [23] 3.9% in placebo group

Bella Kaufman [20] non-randomised No NA Yes 0 4

NA: not available. *Assessed by Jadad score; "Assessed by Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009), The
CEBM “Levels of Evidence 1” document sets out one approach to systematising this process for different question types.
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PARPI is one of the most exciting advances in the management of recurrent ovarian cancer and advanced
breast cancer. The application of the synthetic lethal effect of PARPI in ovarian cancer is based on the fact that
15% of the ovarian cancer population carry germline BRCA mutations and 30% to 40% show phenotypic
“BRCAness” [21]. BRCA mutation is related to an elevated risk of contralateral and ipsilateral breast cancer re-
currence [27]. As a result, four trials defined that BRCA-mutated was an inclusion (Table 1). Ledermann J. et al.
carried out a subgroup analysis in which patients were stratified according to their BRCA status. The data
showed that when comparing with placebo, Olaparib significantly increased the PFS in both BRCA mutation
and wild-type groups (15). Unfortunately, there was no trial comparing the efficacy of Olaparib between BRCA
mutation and wild-type BRCA subgroup. In general, there is a positive proof of application of Olaparib but fur-
ther investigation is needed.

The primary limitation of our review is that it is composed mainly of literature-based series and most of the
results are descriptive. Considering the fact that heterogeneity of these studies is hard to estimate, so that statis-
tical analysis was not performed. Study design and primary endpoints of researches are different, and BRCA
status differs in these studies. All of these are the source of heterogeneity. Besides, the treatment arms differed
among different studies. All of these trials were set up with a 400 mg twice daily group, while some were set up
with low dosage or placebo group, and some were single-arm. This posed an additional source of bias to the
analysis. Based on these reasons, meta-analysis and heterogeneity analysis cannot be performed.

Over the past years, increasingly potent PARPI have been developed and evaluated such as Iniparib and Ni-
raparib [28]. In a phase Il RCT, Iniparib was given to metastatic triple negative breast cancer [29]. This sug-
gests that PARPI are very likely to play a crucial role in the treatment in patients carrying BRCA-mutant gene.
Moreover, two phase 11 clinical trials of Olaparib in ovarian cancer patients with a BRCA1/2 mutation are on-
going [30] and EMA has grant it for the treatment of patients with platinum-sensitive ovarian cancer and BRCA
mutations.

5. Conclusion

In summary, the systematic review and pooled data analysis demonstrates that patients with advanced breast
cancer and recurrent ovarian cancer are now surviving longer than before, partly due to the judicious use of tar-
geted agent particularly PARPI. Olaparib confirms a response rate and may improve PFS in patients with BRCA
mutant breast and ovarian cancer. It implies a brighten and promising future of BRCA-mutant cancer treatment
and long term follow-up and randomized trials are urgently needed.
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