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Review article 

Optimizing treatment selection and sequencing decisions for first-line 
maintenance therapy of newly diagnosed advanced ovarian cancer 
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A B S T R A C T   

The incidence and mortality rates of ovarian cancer are increasing globally. Ovarian cancer is diagnosed at an 
advanced stage in 80% of women. After standard, platinum-based, front-line chemotherapy, poly (ADP-ribose) 
polymerase (PARP) inhibitors and antiangiogenic agents are successfully employed as maintenance strategies for 
newly diagnosed, advanced ovarian cancer patients. Landmark clinical studies, including SOLO-1, PAOLA-1, 
PRIMA, and VELIA, have provided crucial insights on optimizing first-line maintenance treatment using PARP 
inhibitors. A group of ovarian cancer experts, primarily from low- and middle-income countries, met in 
September 2019 to discuss new developments for the first-line treatment of ovarian cancer and its implications. 

Key implications of the evolving clinical data included: (1) olaparib or niraparib maintenance therapy appears 
to be the preferred choice for patients with BRCA1/2 mutations; hence, BRCA testing is beneficial in identifying 
these patients; (2) niraparib monotherapy and olaparib in combination with bevacizumab have demonstrated 
significant benefit in progression-free survival (PFS) in homologous recombination deficiency (HRD)-positive 
patients; (3) bevacizumab, niraparib alone, or observation can be an alternative for HRD-negative patients; (4) 
further data is warranted to explore the role of PARP inhibitors in treating HRD-negative, ovarian cancer patients 
to confirm findings of the exploratory analysis of PRIMA; (5) PARP inhibitors may be beneficial for stage IV 
ovarian cancer patients with inoperable disease and patients with prior neoadjuvant chemotherapy; and (6) there 
is an urgent need to increase awareness in both clinicians and patients on BRCA and HRD testing for optimizing 
treatment decision-making and improving clinical outcomes in newly diagnosed, advanced ovarian cancer pa-
tients. In clinical medicine, the limited availability of family history (FH) information and the complexity of FH 
criteria has hampered the implementation of BRCA testing. Moreover, many cancer patients with BRCA muta-
tions are not tested because they do not meet the criteria for FH. Consequently, BRCA testing in many high 
income countries, including the US and Australia, is underused and used inappropriately, which has resulted in 
the loss of valuable opportunities for better cancer management and cancer prevention.   
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1. Introduction 

1.1. Epidemiology, burden, and prognosis of advanced ovarian cancer 

Ovarian cancer is the eighth most commonly occurring cancer and 
the seventh most common cause of cancer death in women globally 
(Ovarian Cancer Statistics: World Cancer Research Fund International; 
Ovary; GLOBOCAN 2020). In 2020, it was estimated that there were 
313,959 cases and 207,252 deaths due to ovarian cancer globally 
(Ovary; GLOBOCAN 2020). Though the overall incidence of cancer in 
low- and middle-income countries (LMICs) is lower compared to high- 
income countries (HICs), total cancer-related mortality rate is much 
higher in LMICs, more so for people under 65 years of age (Shah et al., 
2019). In upper-middle income countries (UMIC) like Mexico, there is a 
huge challenge of a rapidly aging population. As a result, the relative 
survival rates of elderly cancer patients are significantly worse than 
those of younger individuals with an ever-widening gap between elderly 
and middle-aged cancer patients, which is thought to be due to poorer 
functional status, late diagnosis, and inadequate treatment (Aggarwal 
et al., 2015). Further, the actual burden (number of cases) is higher in 
LMICs because of population sizes (The World Ovarian Cancer Coalition 
Atlas, 2018). The GLOBOCAN study estimated that the highest number 
of incident cases of ovarian cancer in 2020 was in Asia with 170,759 
cases, followed by 66,693 cases in the World Health Organization 
(WHO) European region, 26,630 cases in North America, 23,513 cases in 
Latin America and the Caribbean, 24,263 cases in Africa, and 2,101 
cases in Oceania. The five-year prevalence estimates in these regions 
also follow a similar trend, with a reported 435,574, 190,105, 80,532, 
62,165, 48,940, and 5,999 cases in the above regions, respectively. The 
number of ovarian cancer-associated deaths in Europe, Asia, Africa, 
Latin America and the Caribbean, North America, and Oceania in 2020 
was 44,053, 112,936, 17,008, 15,266, 16,451, and 1,538 respectively 
(Ovary; GLOBOCAN 2020). 

Delayed diagnosis may be one of the primary reasons for high 
ovarian cancer-associated mortality rates. Ovarian cancer is usually 
diagnosed at an advanced stage in 80% of women due to a lack of 
obvious symptoms during the early stage. At the time of diagnosis, 
cancer would have already spread throughout the abdominal cavity 
(Ovarian Cancer: American Cancer Society, 2018). According to the 
WHO, prevention, early detection and diagnosis, treatment and pallia-
tion are the key components of cancer control. However, these aspects 
are inadequately addressed in the LMICs which undermine the effective 
and sustainable cancer control in these regions. HICs are found to have 
better control of risk factors, education resources, increased screening 
and surveillance programs and improved cancer therapies, which results 
in decreased mortality rates compared to LMICs (Shah et al., 2019). 

The high rates of delayed presentation and diagnosis of ovarian 
cancer may be attributed to various factors such as (The World Ovarian 
Cancer Coalition Atlas, Brain et al., 2014):  

• Patient-related barriers such as low awareness of the disease and its 
symptoms, delay in seeking help, stigma surrounding cancer, and old 
age  

• Healthcare-related barriers such as lack of adequate screening tools, 
access to diagnostics, trained clinicians, and referrals to specialist 
care  

• Other country-specific factors (on a patient-to–patient basis)  
• These barriers may collectively contribute to diagnostic delays and 

the increased numbers of patients presenting with advanced-stage 
ovarian cancer, leading to increased mortality (The World Ovarian 
Cancer Coalition Atlas, Brain et al., 2014). Stage I disease has 
approximately twice the five-year survival rate of stage IV disease 
(The World Ovarian Cancer Coalition Atlas). The overall five-year 
survival rate for ovarian cancer is 47%. However, the five-year sur-
vival rate of the majority of ovarian cancer patients (60%) who are 
diagnosed at stage IV is 29% (Ovarian Cancer: American Cancer 

Society). The 5-year cause-specific survival for serous carcinoma is 
43%, whereas for endometrioid, mucinous, and clear cell carcinoma 
is 82%, 71%, and 66% respectively. 

Survival also varies by race/ethnicity. For example, 5-year cause- 
specific survival for serous carcinoma is 36% in non-Hispanic black 
(NHB) women compared to 47%− 48% in non-Hispanic white, Asian/ 
Pacific Islanders (API) and Hispanic women. NHBs have the lowest 
survival rates across all stages of serous carcinoma, probably due to less 
adherence to guideline- based treatment. The relatively high survival in 
APIs for epithelial cancers overall reflects the low incidence of serous 
carcinoma, as well as high survival across subtypes (Torre et al., 2018). 

1.2. Prevalence of BRCA mutations in advanced, high-grade, epithelial 
ovarian cancer 

A high prevalence of germline BRCA (gBRCA) mutations (5.9%–29% 
BRCA1/2 in a sample size range of 14–141) has been reported in ovarian 
cancer cases (Alsop et al., 2012; Goncalves et al., 2019b; Gupta et al., 
2021; Tyulyandina et al., 2019; Yoon, 2019; Goncalves et al., 2019a), 
particularly in advanced-stage, high-grade, epithelial ovarian cancer, in 
several studies from various regions across the globe (Alsop et al., 2012; 
Enomoto et al., 2019; Bu et al., 2019; Goncalves et al., 2019; Manchana 
et al., 2019; Kim et al., 2019; Ashour and Shafik, 2019; Song et al., 2014; 
Clinical Commissioning Policy: Genetic Testing for BRCA1 and BRCA2 
Mutations: NHS England E01/P/b, 2020) (Table 1). Therefore, early 
BRCA testing in epithelial ovarian cancer patients may help identify 
specific patient populations who may benefit from targeted therapies 
(Goncalves et al., 2019; Yoon, 2019). 

1.3. The current standard of care for first-line management of newly 
diagnosed, advanced ovarian cancer 

For more than 20 years, platinum-based doublet chemotherapy 
(carboplatin and paclitaxel) has been used as the standard front-line 
chemotherapy for newly diagnosed, advanced ovarian cancer (du Bois 
et al., 2003; Ozols et al., 2003). The anti-VEGF monoclonal antibody, 
bevacizumab, was the first drug that conferred PFS benefits when given 
concurrently with first-line chemotherapy followed by maintenance 
treatment for approximately 12 months (du Bois et al., 2003; Ozols et al., 
2003). Two key trials, the Gynecologic Oncology Group study (GOG- 
0218) (Burger et al., 2011) and the Gynecologic Cancer InterGroup 
(GCIG) International Collaboration on Ovarian Neoplasms (ICON7) 
(Perren et al., 2011), investigated the addition of bevacizumab 
concomitantly with standard chemotherapy and then as single-agent 

Table 1 
Prevalence of BRCAm in ovarian cancer patients across the globe.   

Overall 
BRCA 
prevalence 

Prevalence 
of BRCA1 

Prevalence 
of BRCA2 

BRCA prevalence 
in high-grade 
serous ovarian 
cancer 

Latin 
America8 

29.8%a – – – 

Argentina13 32.4%a – – – 
UK17,18 15%a 3.8%b 4.2%b 11%b 

Egypt16 21.15%b 68.2%b – 25.7%b 

Russia6 28.4%a – – – 
India7 25.5%b – – – 
Malaysia10 13.9%b – – – 
Thailand14 21.8%b 16.1% 5.7% 25.7% 
South 

Korea15 
– – – 39.8%b 

China12 23.6%b 15.4% b 8.2% b 17.7% b 

Japan11 14.7%b 9.9%b 4.7%b 28.5%b 

Australia9 14.1%b – – 22.6%b  

a Germline + somatic BRCA mutation. 
b Germline BRCA mutations alone. 
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maintenance for the first-line treatment of ovarian cancer. On average, 
stage IV bevacizumab-concurrent plus maintenance patients had a me-
dian overall survival (OS) of 42.8 months as opposed to 32.6 months for 
stage IV control patients (HR, 0.75; 95% CI, 0.59 to 0.95). However, the 
ICON 7 trial did not show an OS benefit for bevacizumab. Both ran-
domized, phase 3 trials show a significantly improved PFS with the 
addition of bevacizumab to standard chemotherapy in ovarian cancer 
patients at stage III–stage IV with poor prognosis (Table 2). Bev-
acizumab also exhibits survival benefits in patients with platinum- 
sensitive as well as platinum-resistant recurrent ovarian cancer (Agha-
janian et al., 2012; Pujade-Lauraine et al., 2014). 

Poly (ADP-ribose) polymerase (PARP) inhibitors facilitate single- 
strand DNA repair (Jiang et al., 2019; DiSilvestro et al., 2018). When 
PARP inhibitors bind to PARP at sites of single-stranded DNA breaks on 
replicating DNA strands, they trap the PARP. This in turn stalls repli-
cation forks; if they remain unresolved, they collapse and result in 
double-strand breaks. This can be resolved in cells with functional ho-
mologous recombination repair (HRR), whereby the double-strand 
breaks are successfully mended. However, in cells without functional 
HRR (such as those with BRCA mutations), erroneous repair results in 
increased DNA damage and cellular death (Gourley et al., 2019). 

PARP inhibitors such as niraparib, olaparib, and rucaparib were 
approved in the US, Europe, Brazil, South Korea, and Australia by their 
respective drug regulatory agencies. Olaparib is approved for use, 
whereas niraparib is still in phase 2 trial in Japan. These three drugs 
have been shown to improve PFS, particularly in ovarian cancer patients 
with BRCA mutations (BRCAm) (Jiang et al., 2019; Moore et al., Pujade- 
Lauraine et al., 2017; González Martín et al., 2019; Mirza et al., 2016; 
Mirza et al., 2016; Ray-Coquard et al., 2019). The landmark trials that 
have evaluated the efficacy and safety of PARP inhibitors in a first-line 
maintenance setting of advanced ovarian cancer include SOLO-1 
(Moore et al., 2018), PAOLA-1 (Ray-Coquard et al., 2019), PRIMA 
(González Martín et al., 2019), and VELIA (Coleman et al., 2019) trials. 
Veliparib is still in the phase 3 trial stage in Brazil, Australia, South 
Korea, the US, UK, and Japan. Ongoing studies are evaluating the effi-
cacy and safety of combining immune checkpoint inhibitors with PARP 
inhibitors. Some of these key trials include DUO-O/ENGOT OV-46 
(NCT03737643: Clinical trials gov), KEYLYNK-001/ENGOT-ov43 
(NCT03740165: Clinical trials gov), FIRST/ENGOT OV-44 
(NCT03602859: Clinical trials gov), and ATHENA/GOG 3020/ENGOT 
OV-45 (NCT03522246: Clinical trials gov) trials. 

Currently, BRCA mutation status/HRD testing are highly recom-
mended to determine which maintenance treatment strategy (PARP 
inhibitor +/- Bevacizumab or Bevacizumab alone) should patient 
receive following standard first-line chemotherapy. (du Bois et al., 2003, 
Pujade-Lauraine et al., 2017). 

Considering the increasing prevalence and high mortality rates of 
advanced ovarian cancer, and the growing importance of BRCA testing 
and the use of targeted therapies to improve treatment outcomes, this 
expert group meeting was convened to explore real-world practice 
patterns to distill the unmet needs and optimize diagnosis and man-
agement of newly diagnosed, advanced ovarian cancer. 

2. Methods 

A panel of 9 experts from LMIC (Egypt), UMIC (Argentina, Brazil, 
Colombia, Mexico and Russia) and HIC (Australia, Singapore and South 
Korea) (The World bank, 2021) convened in September 2019 to review 
current literature and key guidelines and share their real-world experi-
ences on the management of newly diagnosed, advanced ovarian cancer. 
One external expert from UK was also a part of the panel to provide a 
global overview. The objectives of this meeting were to: (1) understand 
the burden and evolving landscape of first-line maintenance manage-
ment of newly diagnosed, advanced ovarian cancer and (2) discuss the 
clinical implications of emerging data on optimization of genetic testing 
and selection and sequencing of first-line maintenance therapy of newly 

Table 2 
Summary of studies on the use of bevacizumab or PARP inhibitors for the 
management of newly diagnosed advanced ovarian cancer.  

First author 
[year] [study 
name] 

Treatment arms [n] Key endpoint outcomes 

Burger et al., 
2011 [GOG- 
0218]  

• Standard chemotherapy (1–6 
cycles) + placebo (2–22 
cycles) every 3 weeks [n =
625]  

• Standard chemotherapy (1–6 
cycles) + bevacizumab (2–6 
cycles) every 3 weeks +
placebo (7–22 cycles) every 
3 weeks [n = 625]  

• Standard chemotherapy (1–6 
cycles) + bevacizumab 
(2–22 cycles) every 3 weeks 
(Dose – 15 mg/kg) [n = 623] 

Chemotherapy þ
bevacizumab throughout vs. 
chemotherapy þ
bevacizumab initiation vs. 
chemotherapy þ placebo  

Median PFS: 14.1 vs. 11.2 vs. 
10.3 months; HR 0.908; 95% 
CI, 0.795 to 1.040; P = 0.16 
and 
HR 0.717; 95% CI, 0.625 to 
0.824; P < 0.001 
Median OS: 39.7 vs. 38.7 vs. 
39.3 months; p < 0.0095 
HR 1.036; 95% CI, 0.827 to 
1.297; P = 0.76 
HR 0.915; 95% CI, 0.727 to 
1.152; P = 0.45  

Perren et al., 
2011 
[ICON7]  

• Standard chemotherapy (1–6 
cycles) every 3 weeks [n =
764]  

• Standard chemotherapy (1–6 
cycles) + bevacizumab (1–5/ 
6 cycles) every 3 weeks 
followed by bevacizumab 
maintenance for 12 
additional cycles (Dose – 7.5 
mg/kg) [n = 764] 

Standard-chemotherapy vs. 
Standard-chemotherapy þ
bevacizumab  

PFS: 20.3 vs. 21.8 months; HR 
0.81; 95% CI, 0.70 to 0.94; P 
= 0.004  

Moore et al., 
2018 [SOLO- 
1]  

• Olaparib maintenance 
therapy after platinum-based 
chemotherapy (300 mg 
twice-daily) [n = 260]  

• Placebo [n = 131] 

Chemotherapy plus olaparib 
vs. placebo  

Rate of freedom from 
disease progression and 
from death at 3 years: 60% 
vs. 27% 
HR 0.30; 95% CI, 0.23 to 0.41; 
P < 0.001  

70% lower risk of disease 
progression with olaparib as 
compared to placebo  

Ray Coquard 
et al. 2019 
[PAOLA-1]  

• Olaparib maintenance 
therapy after platinum-based 
chemotherapy (300 mg 
twice-daily) + Bevacizumab 
for 24 months [n = 537]  

• Placebo + bevacizumab 
maintenance for 24 months 
[n = 269] 

Olaparib þ bevacizumab vs. 
placebo þ bevacizumab  

Median PFS: 22.1 vs. 16.6 
months; HR 0.59; 95% CI, 
0.49–0.72; P < 0.0001  

Median PFS by tBRCAm 
status: 
tBRCAm: 37.2 vs. 21.7 
months; HR 0.31; 95% CI, 
0.20–0.47 
Non-tBRCAm: 18.9 vs. 16.0 
months; HR 0.71; 95% CI, 
0.58–0.88 
Median PFS by HRD status: 
HRD positive, including 
tBRCAm: 37.2 vs. 17.7 
months; HR 0.33; 95% CI, 
0.25–0.45 
HRD positive, excluding 
tBRCAm: 28.1 vs. 16.6 
months; HR 0.43; 95% CI, 
0.28–0.66 
HRD negative/unknown: 
16.9 vs. 16.0 months; HR 0.92; 
95% CI 0.72–1.17 

(continued on next page) 
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diagnosed, advanced ovarian cancer. 

3. Incident cases of ovarian cancer in the participating regions 

According to the GLOBOCAN 2020 data, ovarian cancer has been 
noted to be the eighth most common malignant tumor in women, with 
estimated incident cases of 23,513 cases per year in Latin America and 
the Caribbean (Ovary; GLOBOCAN 2020). The incidence and mortality 
rates of ovarian cancer in the participating countries from this region 
have been noted to be high with similar trends in estimates from the UK, 
Australia, Egypt, and other member countries in Asia (Table 3) (Ovary; 
GLOBOCAN 2020, Ovary cancer: INCA. 2020, Ovarian Cancer Statistics: 
World Cancer Research Fund). 

4. Evolving data for first-line maintenance therapy of newly 
diagnosed, advanced ovarian cancer 

4.1. Guideline views 

International guidelines recommend the following principles for the 
management of newly diagnosed, advanced ovarian cancer: (1) primary 
debulking surgery (PDS) in patients with good performance status where 
complete or optimal cytoreduction can be potentially achieved (ESGO- 
ESMO Consensus Conference on Ovarian Cancer; Fotopoulou et al., 
2017; Armstrong et al., 2021); (2) systemic chemotherapy with three- 
weekly carboplatin/paclitaxel for six cycles remains the standard post- 
operative, first-line treatment in advanced stages after complete surgi-
cal staging (ESGO-ESMO Consensus Conference on Ovarian Cancer, 
Armstrong et al., 2021; Santaballa et al., 2016); (3) neoadjuvant 
chemotherapy with interval debulking surgery (IDS) after 3 cycles seems 
to be a good alternative. Both the EORTC and CHORUS trials showed the 
non-inferiority of the neoadjuvant chemotherapy approach, and a recent 
pooled study showed similar OS. (Vergote et al., 2011; Kehoe et al., 
2015; Vergote et al 2018); (4) bevacizumab should be included along 
with the initial chemotherapy in patients with macroscopic residual 
disease following standard surgery; bevacizumab can be continued 
during the maintenance period (ESGO-ESMO Consensus Conference on 
Ovarian Cancer; Armstrong et al., 2021; Santaballa et al., 2016); and (5) 
PARP inhibitors have shown greatest activity in patients with BRCA1/2 
mutations (ESGO-ESMO Consensus Conference on Ovarian Cancer, 
2019). Olaparib has been recommended as an optional agent for main-
tenance therapy in the NCCN guidelines for patients with stage II–stage 
IV disease and germline or somatic BRCA1/2 mutations with complete 
(CR) or partial remission (PR) following surgery and chemotherapy 
(Armstrong DK et al., 2021). However, evidence on the efficacy and 
safety of olaparib demonstrate benefit primarily for patients with stage 
III–stage IV disease. 

4.2. Findings from recent landmark trials 

The key clinical studies that assessed the efficacy and safety of PARP 
inhibitors in the management of newly diagnosed, advanced ovarian 
cancer include SOLO-1 and PAOLA-1 for olaparib, PRIMA for niraparib, 
and VELIA for veliparib (Table 2). 

SOLO-1 was a double-blind, randomized, phase 3 trial that assessed 
the efficacy and safety of olaparib maintenance therapy (300 mg, twice 
daily) in patients with newly diagnosed, advanced FIGO stage III or IV 
high-grade serous or endometrioid ovarian cancer with a mutation in 
BRCA1, BRCA2 or both, who had a complete or partial clinical response 
after platinum-based chemotherapy (Moore et al., 2018; NCT01844986: 
Clinical trials gov). Patients in this trial had either germline or a somatic 
BRCA1/2 mutation; hence, a substantial benefit was derived by this 
population from olaparib maintenance therapy after platinum-based 
chemotherapy. (Table 2) (Moore et al., 2018). 

PAOLA-1 was a randomized, double-blind study that examined ola-
parib (300 mg, twice daily) with bevacizumab as maintenance therapy 
after first-line treatment in patients with newly diagnosed, advanced 
FIGO stage III, high-grade serous or endometrioid ovarian, primary 
peritoneal or fallopian tube cancer, regardless of BRCA status, who were 
in CR or PR to standard first-line platinum–taxane-based chemotherapy 
and bevacizumabThe greatest PFS benefit was observed in patients with 
BRCAm (37.2 vs. 21.7 months) and those with a positive homologous 
recombination deficiency (HRD) status including tBRCAm (37.2 vs. 17.7 
months). (Ray-Coquard et al., 2019; ESMO Congress 2019: PAOLA-1). 

PRIMA was a double-blind, placebo-controlled phase III trial, which 
assessed the safety and efficacy of niraparib therapy in patients with 
newly diagnosed, advanced FIGO stage IIIB–IIIC, stage IV, high-grade 
serous or endometrioid ovarian, primary peritoneal, or fallopian tube 
cancer after response to first-line platinum-based chemotherapy, with a 
higher risk for recurrence and regardless of tBRCAm. The study findings 

Table 2 (continued ) 

First author 
[year] [study 
name] 

Treatment arms [n] Key endpoint outcomes 

González 
Martín et al., 
2019 
[PRIMA]  

• Niraparib maintenance 
therapy after platinum-based 
chemotherapy (300 mg/200 
mg once-daily) for 36 
months [n = 484] (HRD, n =
245)  

• Placebo for 36 months [n =
244] (HRD n = 125) 

Niraparib vs. Placebo  

Median PFS in HRD 
population: 21.9 vs. 10.4 
months; HR 0.43; 95% CI, 
0.31–0.59; P < 0.0001 
Median PFS in overall 
population: 13.8 vs. 8.2 
months; HR 0.62; 95% CI, 
0.5–0.75; P < 0.0001  

Coleman et al., 
2019 
[VELIA]  

• Standard chemotherapy (1–6 
cycles) + placebo followed 
by placebo maintenance 
(7–36 cycles) [n = 375]  

• Standard chemotherapy (1–6 
cycles) + veliparib 150 mg 
twice daily followed by 
placebo maintenance (7–36 
cycles) [n = 383]  

• Standard chemotherapy (1–6 
cycles) + veliparib 150 mg 
twice daily followed by 
Veliparib 400 mg twice daily 
(7–36 cycles) [n = 382] 

Standard chemotherapy þ
Veliparib-throughout 
maintenance therapy vs. 
Standard chemotherapy þ
placebo  

Median PFS in BRCAm 
population: 34.1 vs. 22.0 
months; HR 0.44; 95% CI, 
0.28–0.68; P < 0.001 
Median PFS in ITT 
Population: 23.5 vs. 17.3 
months; HR 0.68; 95% CI, 
0.56–0.83; P < 0.001 

PFS: Progression-free survival; HR: Hazard ratio; CI: Confidence interval; BRCA: 
Breast cancer mutations; HRD: Homologous recombination deficiency; PARP: 
Poly (adenosine diphosphate-ribose) polymerase; GOG: Gynecology Oncology 
Group. 

Table 3 
Prevalence and mortality rate of ovarian cancer in the participating regions 
(Ovary; GLOBOCAN 2020).  

Country Prevalence of ovarian cancer 
(number of cases) (GLOBOCAN 
2018) 

Number of deaths from 
ovarian cancer (GLOBOCAN 
2018) 

Brazil* 6,686 4,180 
Argentina 2,330 1,321 
Colombia 2,414 1,252 
Mexico 4,579 2,765 
UK 6,407 4,155 
Egypt 2,674 1,934 
Russia** 13,936 8,092 
South 

Korea 
2,656 1,225 

Australia 1496 1002 
Singapore 550 294  

* As per the Brazilian National Cancer Institute (INCA), an estimated 6,650 
new cases of ovarian cancer are reported to occur in Brazil, in 2020.39 

** Russia had the thirteenth highest rate of ovarian cancer in 2018 with an age- 
standardized rate of 11.1 per 100,000 women.40 
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revealed a clinically significant improvement in PFS with niraparib in 
the HRD-positive subgroup and overall population compared with pla-
cebo (HRD-positive subgroup: 21.9 vs. 10.4 months; p < 0.0001) 
(overall: 13.8 vs. 8.2 months; p < 0.0001) (Table 2). 

The efficacy of veliparib vs. placebo was assessed in a phase III trial 
among patients with newly diagnosed, high-grade serous carcinoma, 
regardless of tBRCAm, HRD (using a lower cut-off value of 33), and 
NACT utilization. Patients were randomly assigned into three groups. 
(Mirza et al., 2016; NCT02470585: Clinical trials gov). The patients 
receiving veliparib throughout experienced significantly extended PFS, 
compared to the control group, regardless of the biomarker, choice of 
surgery, or paclitaxel regimen. (Table 2) (Coleman et al., 2019). 

Considering the evolving evidence on the efficacy of PARP inhibitors 
as first-line maintenance therapy in newly diagnosed, advanced ovarian 
cancer patients with BRCA and/or HRD, genetic testing to identify pa-
tients who are expected to derive maximum benefit from these agents 
may optimize the management of ovarian cancer in these patients. 
Currently, there is an urgent requirement for accessible, affordable, and 
standardized HRD testing methods across the world given the fact that 
these patients derive the most benefit from PARP inhibitors. The expert 
panel opined the need to optimize genetic and HRD testing as there is a 
lack of resources in most of the participating regions. 

5. Optimization of genetic testing in newly diagnosed, advanced 
ovarian cancer 

5.1. Key implications of emerging data on optimization of genetic testing 

All the four key landmark trials, including PAOLA-1, SOLO-1, VELIA, 
and PRIMA, demonstrated a greater PFS benefit of PARP inhibitors in 
newly diagnosed, ovarian cancer patients with BRCAm; SOLO-1 is the 
only study that included 388 patients with centrally confirmed germline 
BRCA1/2 mutation and 2 patients with centrally confirmed somatic 
BRCA1/2 mutations (Moore et al., 2018; González Martín et al., 2019; 
Ray-Coquard et al., 2019; NCT03737643: Clinical trials gov). The high 
frequency of BRCAm in ovarian cancer patients, as reported in several 
studies worldwide, warrants BRCA testing to identify the BRCA status in 
these patients. This may be done partly to guide therapy and partly to 
inform cascade testing and risk management in unaffected family 
members who carry germline mutations. The ESMO guidelines 2019 
also recommend testing for BRCA1/2 mutations in advanced, non- 
mucinous ovarian cancer patients (Ovary cancer: INCA. 2020). Early 
screening for BRCA1 and BRCA2 mutations and initiation of genetic risk 
evaluation and BRCA1/2 testing following histological diagnosis have 
been recommended in the NCCN guidelines (Armstrong et al., 2021). 

In countries with limited resources, there are no data on the cost- 
effectiveness of HRD genomic scar testing (Ngoi & Tan, 2021). Kol-
dehoff et al. (2021) recently evaluated incremental cost-effectiveness 
ratios (ICERs) of targeted genetic testing for ovarian and breast can-
cers in countries such as Brazil, Canada, Germany, the UK, Australia, the 
US, Spain, and Norway. The following points were highlighted in the 
review:  

• BRCA screening among high-risk women was associated with an 
ICER of $21,700/quality-adjusted life years (QALY).  

• The ICERs for BRCA cascade screening (screening both affected and 
unaffected relatives) ranged between $6,500/QALY and $50,200/ 
QALY. 

According to the Markov model, population-based BRCA testing is 
considered cost-saving in high-income countries (HIC), and cost- 
effective in upper-middle–income countries (UMIC) from a societal 
perspective. On a similar note, BRCA testing is highly cost-effective in 
HIC and cost-effective in UMIC from a payer’s perspective. However, it 
is not cost-effective in LMIC from a societal as well as a payer’s 
perspective (Manchanda et al., 2020). Nevertheless, further research is 

required to evaluate or compare the role of genetic testing in improving 
diagnosis and treatment of ovarian cancer in LMICs. 

Testing for BRCAm status is critical in predicting the treatment 
benefits of PARP inhibitors. Currently, BRCA1/2 genetic testing is sug-
gested for ovarian cancer patients not only for estimating familial risk 
but also for determining their eligibility for PARP inhibitor therapy 
(Capoluongo et al., 2017). The panel also agreed that testing for BRCAm 
should be done as early as possible after the diagnosis of non-mucinous 
ovarian cancer to optimize treatment decisions, as long as resources are 
not constrained. Regarding the sequence of BRCA testing, some experts 
opined that tumor BRCA testing should be done first and if found posi-
tive, plasma germline testing should be done to confirm gBRCA 
mutations. 

In addition to BRCA testing, evaluating the additional genes involved 
in the homologous recombination pathway is an evolving aspect of ge-
netic testing to assist treatment choices. Guidelines have recommended 
considering testing for homologous recombination genes in ovarian 
cancer patients [41]. The presence of homologous recombination defi-
ciency (HRD)-related gene mutations can be studied at the tumor DNA 
level by two tests that measure the level of scarring of three “BRCAmut- 
specific patterns” of genomic signatures, such as the Foundation Focus 
and the Myriad MyChoice®, which may predict the responsiveness of 
advanced ovarian cancer patients to PARP inhibitors (Capoluongo et al., 
2017; Hoppe et al., 2019). Homologous recombination deficiency may 
be present in up to 50% of the patients with high-grade serous ovarian 
carcinomas (Heeke et al., 2018), but even patients who have tested 
negative for HRD have been shown to derive some benefit from PARP 
inhibitors maintenance (González Martín et al., 2019; Coleman et al., 
2017; Mirza et al., 2016;). In PAOLA-1, olaparib maintenance therapy 
along with bevacizumab has demonstrated a statistically and clinically 
significant PFS benefit in the ITT patient population beyond those with 
tumors harboring BRCA mutations, i.e. in BRCA non-mutant HRD-pos-
itive patients stratified as so by Myriad My Choice (Ray-Coquard et al., 
2019). In the prespecified HRD subtype-wise exploratory analysis of the 
PRIMA population, niraparib appeared to have shown a PFS benefit in 
HRD/BRCAm-positive and BRCAwt patients who had tested negative for 
HRD. A significant difference in progression-free survival was observed 
between patients who received niraparib and those who had a placebo, 
irrespective of gBRCA mutations and HRD status (Mirza et al., 2016). In 
the HRD-negative AOC population, bevacizumab is currently available 
as maintenance therapy. Even though a synergy between PARP in-
hibitors and bevacizumab was expected, there was no clinical evidence 
supporting this in the subgroup of PAOLA-1 (Ray-Coquard et al., 2019) 
that tested for HRD-negative. The PRIMA trial (González Martín et al., 
2019) showed that maintenance of niraparib alone improved PFS in 
patients with HRD-negative disease, suggesting it might be an alterna-
tive to bevacizumab in the absence of HRD. Nevertheless, the benefits of 
PARP inhibitor therapy are relatively modest compared to the risks. 
There is insufficient evidence for either of the trials, and further trials are 
required to determine which first-line maintenance therapy might be 
most effective for HRD-negative tumors. 

During the meeting, although there was not an overwhelming 
consensus on the panel about the utility of HRD testing, the panel agreed 
to test for HRD, provided a reliable standardized affordable test is 
available in the country, even though they only provide a spectrum of 
degree of benefits with PARP inhibitors and do not account for PARP 
inhibitors resistance mechanisms. The panel also opined that the lack of 
an olaparib alone arm in PAOLA 1, and the inclusion of bevacizumab in 
the control arm might have contributed to the finding of no benefit in 
homologous recombination-proficient patients. 

5.2. Proposed genetic testing considerations for newly diagnosed, 
advanced ovarian cancer 

Beyond germline BRCA1/2 mutations, a small percentage of BRCA- 
related ovarian cancers harbor somatic mutations (Capoluongo et al., 
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2017). The concept of tumor testing has been introduced as an attractive 
approach that can potentially identify both germline and somatic 
BRCA1/2 pathogenic variants. Tumor testing can be used to identify an 
additional 3%–9% of patients with somatic BRCA1/2 mutations besides 
germline mutations and thus can save time and cost by identifying all 
the potential patients who can benefit from PARP inhibitor therapy. 
Subsequent genetic counseling and screening for germline mutations 
can then be recommended as necessary (Capoluongo et al., 2017). 

The panel discussed the choice and order of BRCA1/2 sequencing in 
their respective countries, and most of the panel members mentioned 
that germline mutation sequencing is preferred for initiating diagnosis. 
Advisors also mentioned that some countries are currently looking into 
tumor testing first for diagnosis, and they expect more oncologists to 
take up this practice in the near future, particularly after tumor testing 
becomes reimbursable and a sufficiently low false negative and false 
positive rate is demonstrated. 

Genetic testing may be beneficial for family members as enhanced 
screenings and prophylactic interventions can be performed. However, 
the risk of genetic discrimination and potential socio-economic impli-
cations of a positive result restricts the usage of germline genetic testing 
in several countries. Nevertheless, targeted germline and/or tumor 
BRCA1/2 mutation testing may be a potential alternative approach. 

5.3. Current challenges in diagnostic testing for newly diagnosed, 
advanced ovarian cancer in the participating regions 

There are several challenges associated with BRCA mutation testing. 
Interpretation of pathogenic mutations is often difficult, especially in the 
presence of variants of unknown significance. Furthermore, detection of 
somatic mutations and accurate determination of large genomic rear-
rangements from formalin-fixed, paraffin-embedded tumor samples is 
challenging (Capoluongo et al., 2017; Wallace, 2016). Although adop-
tion of next-generation sequencing (NGS) technology may help in 
addressing these challenges and reduce processing time and overall unit 
costs, the complexity associated with NGS again confers a significant 
challenge (Wallace AJ 2016). 

The expert panel discussed the current challenges in diagnostic 
testing for newly diagnosed, advanced ovarian cancer in the partici-
pating regions. The panel mentioned that the non-availability of an 
affordable and locally validated method of tBRCA sequencing or HRD 
tests was leading to variability in HRD test results between laboratories 
in countries such as Korea and Russia. In less-developed countries and 
remote areas, HRD testing appears to be less accessible. Although the 
HRD test is routinely advised (especially for high-grade serous ovarian 
cancer) in HIC such as in the UK, it is not a standard practice in all 
LMICs. The availability of tests and turnaround times may also vary 
between countries based on logistical arrangements and roll-outs spe-
cific to each country. In addition, the payer coverage policies and 
reimbursement issues also play a crucial role in HRD availability in 
countries. The panel also opined that there is a need to define optimal 
and validated Myriad MyChoice® “HRD scar” test results cut-off. Access 
to the HRD test (Myriad MyChoice®) is limited around the world, 
largely due to its out-of–pocket costs/lack of reimbursement. Addi-
tionally, the currently available HRD tests have limitations in terms of 
false-positive results since the presence of structural HRD changes may 
still be detected even when functional HRD no longer exists in the tu-
mors after the development of PARP or platinum resistance (e.g. BRCA 
reversion mutations) (Mateo et al., 2019). There is also a possibility of 
false-negative results in terms of the ability of HRD tests to predict PARP 
inhibitor sensitivity. Evidence for this fact was provided in the trans-
lational analysis of PARP inhibitor studies involving relapsed ovarian 
cancer (Mirza et al., 2016; Coleman et al., 2017). HRD tests are available 
and reimbursed in developed nations such as the US. Recently, Myriad 
genetics received additional reimbursement in Japan. AmoyDx (China), 
Ambry Genetics (US), and SOPHiA Genetics (US) provide highly accu-
rate HRD testing that goes beyond detecting HRR mutations. 

The experts opined an important strategy to make HRD testing more 
available is to start with somatic tumor testing and triage further tests 
accordingly. Patients found to have HRD gene mutations on somatic 
testing can further be referred to genetics to identify if the mutation is 
somatic or germline. This strategy would facilitate rapid access to 
genomic information that can guide treatment options and lessen the 
burden on genetic counselors. Future studies must determine if the 
proposed strategy is viable based on the availability of testing resources 
and cost. 

In clinical medicine, the limited availability of family history (FH) 
information and the complexity of FH criteria have hampered the 
implementation of BRCA testing. Moreover, many cancer patients with 
BRCA mutations are not tested because they do not meet the criteria for 
FH. Consequently, BRCA testing in many high income countries, 
including the US and Australia, is underused and used inappropriately, 
which has resulted in the loss of valuable opportunities for better cancer 
management and cancer prevention (Kemp et al. 2019). 

6. Optimization of first-line maintenance therapy in newly 
diagnosed, advanced ovarian cancer 

6.1. Key implications of emerging data on optimizing first-line 
maintenance therapy in newly diagnosed, advanced ovarian cáncer 

Emerging clinical trials have established the role of combining bev-
acizumab and olaparib or niraparib for maintenance therapy after first- 
line chemotherapy among patients with newly diagnosed, advanced 
ovarian cancer. Clearly, HRD and BRCAm appear to derive the most 
benefit from this approach; however, the choice of treatment will need 
to be individualized based on tumor genetics, drug availability, indi-
vidual drug tolerance, patients’ preferences, and socio-economic cir-
cumstances. Both BRCA and HRD scar testing or My Choice test should 
nonetheless be performed on all the patients to observe the degree of 
benefit from PARP inhibitors. 

While niraparib or olaparib and bevacizumab may be preferred in 
stage III patients with visible residual disease after debulking surgery, all 
three PARP inhibitors (olaparib, niraparib, and veliparib) and bev-
acizumab may be beneficial for stage IV patients with the inoperable 
disease and patients with prior neoadjuvant chemotherapy and a 
tBRCAmut and tBRCAwt HRD-positive status (Burger et al., 2011; Perren 
et al., 2011; Moore et al., 2018; González Martín et al., 2019; Ray- 
Coquard et al., 2019; Coleman et al., 2019). Furthermore, olaparib or 
niraparib has proven unequivocal PFS benefits in patients with germline 
or somatic BRCA mutations (Moore et al., 2018). In patients with 
advanced ovarian cancers that are BRCAwt but HRD-positive, olaparib 
plus bevacizumab or niraparib monotherapy may be the preferred 
choice (González Martín et al., 2019; Ray-Coquard et al., 2019). Finally, 
bevacizumab or niraparib alone or observation (in case of CR to first-line 
chemotherapy) would be the current maintenance options for HRD- 
negative patients. 

6.2. Applicability of evolving data to clinical practice settings in the 
participating regions 

The panel agreed that the results of the PAOLA-1 and PRIMA studies 
should change the treatment paradigm in frontline BRCAwt ovarian 
cancer. In both studies, PARP inhibitors have demonstrated greater 
benefit in HRD-positive subgroup patients. However, the panel opined 
that it was uncertain if bevacizumab contributed to the PFS benefit in 
combination with olaparib given the lack of an Olaparib-alone arm. 
Furthermore, it is also important to consider the cost of the combination 
as not all countries have bevacizumab reimbursed or approved its use in 
the first-line setting. 

Regarding the choice between niraparib and olaparib first-line 
maintenance, consideration needs to be given to the side-effect profile 
of niraparib (Table 4). Niraparib is a convenient option in terms of 

J.C.H. Goh et al.                                                                                                                                                                                                                                



Gynecologic Oncology Reports 42 (2022) 101028

7

frequency (once per day), and toxicities are managed by dose reduction, 
especially in patients who weigh <77 kg in weight and/or have a 
baseline platelet count of < 150,000/µl. The panel members discussed 
the additional cost required for HRD scar testing to identify patients 
most suitable for niraparib and olaparib outside of BRCA mutation sta-
tus. Ultimately, the results of PAOLA-1 and PRIMA will change practice 
only if the HRD tests and relevant drugs are broadly available and 
accessible. Another important factor to consider is that olaparib and 
bevacizumab are recommended for 24 months in PAOLA–1, whereas 
niraparib is recommended for 36 months in the PRIMA trial, and longer 
treatment duration may raise cost concerns, which may be counter-
balanced by the cost of traveling and bevacizumab IV administration for 
the PAOLA-1 regimen. At present, there is no evidence of additional 
benefits from more prolonged therapy. 

Due to the increasing use of PARP inhibitors as first-line treatment, it 
is important to carefully evaluate their effect on subsequent treatment 
efficacy. Clinical research in the next few years will focus on identifying 
short-term and long-term responders, and the mechanism of PARP in-
hibitor resistance. In ongoing and completed clinical trials, there remain 
unanswered questions related to timing and mode of treatment, the need 
for combining with antiangiogenic agents or immunotherapy and 
tailoring the treatment according to molecular subtype. 

6.3. Expert choice of drugs for first-line maintenance therapy of advanced 
ovarian cancer 

The panel discussed the changes in the treatment algorithm and 

guidelines for the management of advanced ovarian cancer. The experts 
stated their choice of PARP inhibitors with/without bevacizumab for 
first-line maintenance therapy in advanced ovarian cancer patients was 
based on the results of PAOLA-1, SOLO-1, and PRIMA studies, as shown 
in Table 5. Moreover, after first-line chemotherapy, olaparib mainte-
nance treatment significantly extends PFS in patients with BRCA-mu-
tation (Moore et al., 2018). 

7. Summary and future directives 

The incidence of newly diagnosed, advanced ovarian cancer is 
increasing and is not expected to decline in the future, particularly in 
developing countries. Improved access to healthcare for expanding 
populations coupled with rapid urbanization and lifestyle changes may 
be some of the reasons for this rising incidence of ovarian cancer. 
Optimization of diagnosis through genetic testing and administration of 
timely and appropriate therapy may help improve the survival outcomes 
of this life-threatening disease. It is imperative to increase awareness 
and access to BRCA (both germline and somatic) and HRD testing to 
optimize patient outcomes. HRD testing can be useful for identifying 
patients who would benefit from PARP inhibitors therapy and also help 
understand the maintenance therapy options for patients after first-line 
platinum-based chemotherapy. However, the implementation of these 
strategies is limited by socioeconomic conditions and need to be 
improved. 
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Table 4 
Side-effect profiles of olaparib and niraparib.59,60  

Type of adverse reaction Common adverse reactions* 

Olaparib, 2018 Niraparib, 2017 

Blood and lymphatic 
disorders 

Anemia Thrombocytopenia 
Anemia 
Neutropenia 
Leukopenia 

Gastrointestinal disorders Nausea 
Vomiting 
Diarrhea 
Dyspepsia 
Constipation 
Stomatitis 

Nausea 
Constipation 
Vomiting 
Abdominal pain/ 
distention 
Mucositis/stomatitis 
Diarrhea 
Dyspepsia 
Dry mouth 

Infections and infestations Nasopharyngitis/upper 
respiratory tract infection/ 
influenza 

Urinary tract 
infection 

General disorders and 
administration site 
conditions 

Fatigue (including asthenia) Fatigue/asthenia 

Metabolism and nutrition 
disorders 

Decreased appetite Decreased appetite 

Musculoskeletal and 
connective tissue 
disorder 

Arthralgia/myalgia Myalgia 
Back pain 
Arthralgia 

Nervous system disorders Dysgeusia 
Headache 

Headache 
Dizziness 
Dysgeusia 

Investigations – AST/ALT elevation 
Cardiac disorders – Palpitations 
Psychiatric disorders – Insomnia 

Anxiety 
Respiratory, thoracic, and 

mediastinal disorders 
– Nasopharyngitis 

Dyspnea 
Cough 

Skin and subcutaneous 
tissue disorders 

– Rash 

Vascular disorders – Hypertension  

* Includes all common, uncommon and very common side effects from clinical 
trials (>0.1%). 

Table 5 
Author’s Choice of PARP inhibitors and bevacizumab for first-line maintenance 
therapy of advanced ovarian cancer patients in the participating regions.  

Country BRCAm BRCAwt HRD+ BRCAwt HRD−

Mexico Olaparib 
based on 
SOLO1 
results 

Olaparib + bevacizumab or 
niraparib 

Bevacizumab 

Colombia Olaparib 
based on 
SOLO1 
results 

Olaparib + bevacizumab or 
niraparib 

Bevacizumab 

Brazil Olaparib Olaparib + bevacizumab or 
niraparib 

Bevacizumab 

Australia Olaparib 
based on 
SOLO-1 
results 

Olaparib + bevacizumab 
based on PAOLA-1 or 
niraparib depending on 
results of debulking surgery 
(olaparib and niraparib are 
not funded in Australia; 
there is no funding for HRD 
testing in Australia) 

Bevacizumab (funded 
only for high-risk 
patients as per ICON- 
7) 

Egypt Olaparib Niraparib (Influenced by 
cost) 

Bevacizumab 

Korea Olaparib Niraparib (need for 
standardization of HRD 
testing due to current 
variability of tissue HRD 
results) 

Bevacizumab 

Russia Olaparib Olaparib without 
bevacizumab 

Bevacizumab (only 
for high-risk patients) 

Argentina Olaparib Niraparib Niraparib regardless 
of HRD status 

HRD: Homologous recombination deficiency; BRCAm: BReastCAncer gene mu-
tations; BRCAwt: BReastCAncer gene wild-type; PARP: Poly (adenosine 
diphosphate-ribose) polymerase. 
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González, Martín, A., Pothuri, B., Vergote, I.B., et al., 2019. Niraparib therapy in patients 
with newly diagnosed advanced ovarian cancer. N. Engl. J. Med. 381, 2391- 
2402.10.1016/S1470-2045(17)30469-2. 

Gourley, C., Balmaña, J., Ledermann, J.A., Serra, V., Dent, R., Loibl, S., Pujade- 
Lauraine, E., Boulton, S.J., 2019. Moving from poly (ADP-Ribose) polymerase 
inhibition to targeting DNA repair and DNA damage response in cancer therapy. 
J. Clin. Oncol. 37 (25), 2257–2269. 

Gupta, S., Rajappa, S., Advani, S.H., Agarwal, A., Aggarwal, S., Goswami, C., et al., 2021. 
Prevalence of BRCA1 and BRCA2 Mutations Among Patients With Ovarian, Primary 
Peritoneal, and Fallopian Tube Cancer in India: A Multicenter Cross-Sectional Study. 
JCO Glob. Oncol. 849–861. https://doi.org/10.1200/GO.21.00051. 

Heeke, A.L., Pishvaian, M.J., Lynce, F., Xiu, J., Brody, J.R., Chen, W.-J., Baker, T.M., 
Marshall, J.L., Isaacs, C., 2018. Prevalence of homologous recombination-related 
gene mutations across multiple cancer types. JCO Precis Oncol. (2), 1–13. 

Hoppe, T.A., Litovitz, A., Willis, K.A., Meseroll, R.A., Perkins, M.J., Hutchins, B.I., 
Davis, A.F., Lauer, M.S., Valantine, H.A., Anderson, J.M., Santangelo, G.M., 2019. 
Topic choice contributes to the lower rate of NIH awards to African-American/black 
scientists. Sci. Adv. 5 (10). 

Jiang, X., Li, W., Li, X., et al., 2019. Current status and future prospects of PARP inhibitor 
clinical trials in ovarian cancer. Cancer Manag. Res. 11, 4371–4390. https://doi.org/ 
10.2147/CMAR.S200524. 

Kehoe, S., Hook, J., Nankivell, M., Jayson, G.C., Kitchener, H., Lopes, T., Luesley, D., 
Perren, T., Bannoo, S., Mascarenhas, M., Dobbs, S., Essapen, S., Twigg, J., Herod, J., 
McCluggage, G., Parmar, M., Swart, A.-M., 2015. Primary chemotherapy versus 
primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): An open- 
label, randomised, controlled, non-inferiority trial. Lancet 386 (9990), 249–257. 

Kemp, Z., Turnbull, A., Yost, S., et al., 2019. Evaluation of Cancer-Based Criteria for Use 
in Mainstream BRCA1 and BRCA2 Genetic Testing in Patients With Breast Cancer. 
JAMA Netw Open. 2 (5), e194428 https://doi.org/10.1001/ 
jamanetworkopen.2019.4428. 

Kim, S.I., Lee, M., Kim, H.S., Chung, H.H., Kim, J.-W., Park, N.H., Song, Y.-S., 2019. 
Effect of BRCA mutational status on survival outcome in advanced-stage high-grade 
serous ovarian cancer. J. Ovarian Res. 12 (1) https://doi.org/10.1186/s13048-019- 
0511-7. 

Koldehoff, A., Danner, M., Civello, D., Rhiem, K., Stock, S., Müller, D., 2021. Cost- 
Effectiveness of Targeted Genetic Testing for Breast and Ovarian Cancer: A 
Systematic Review. Value in Health 24 (2), 303–312. 

Manchana, T., Phoolcharoena, N., Tantbirojnb, P., 2019. BRCA mutation in high grade 
epithelial ovarian cancers. Gynecol. Oncol. Rep. 29, 102–105. https://doi.org/ 
10.1016/j.gore.2019.07.007. 

Manchanda, R., Sun, L.i., Patel, S., Evans, O., Wilschut, J., De Freitas Lopes, A.C., 
Gaba, F., Brentnall, A., Duffy, S., Cui, B., Coelho De Soarez, P., Husain, Z., Hopper, J., 
Sadique, Z., Mukhopadhyay, A., Yang, L.i., Berkhof, J., Legood, R., 2020. Economic 
Evaluation of Population-Based BRCA1/BRCA2 Mutation Testing across Multiple 
Countries and Health Systems. Cancers 12 (7), 1929. 

Mateo, J., Lord, C.J., Serra, V., Tutt, A., Balmaña, J., Castroviejo-Bermejo, M., Cruz, C., 
Oaknin, A., Kaye, S.B., de Bono, J.S., 2019. A decade of clinical development of 
PARP inhibitors in perspective. Ann. Oncol. 30 (9), 1437–1447. 

Mirza, M.R., Monk, B.J., Herrstedt, J., Oza, A.M., Mahner, S., Redondo, A., Fabbro, M., 
Ledermann, J.A., Lorusso, D., Vergote, I., Ben-Baruch, N.E., Marth, C., Mądry, R., 
Christensen, R.D., Berek, J.S., Dørum, A., Tinker, A.V., du Bois, A., González- 
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