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Background: Ovarian cancer (OC) is gynecologic cancer with the highest mortality rate. It is estimated that 13–17% of ovarian cancers are due to heritable mutations in BRCA1 and BRCA2. The BRCA1 (BRCA1-Del ex9-12) Mexican founder mutation is responsible for 28–35% of the cases with ovarian cancer. The aim was to describe the PFS of OC patients treated with olaparib, emphasizing patients carrying the Mexican founder mutation (BRCA1-Del ex9-12).
Methods: In this observational study, of 107 patients with BRCAm, 35 patients were treated with olaparib from November 2016 to May 2021 at the Ovarian Cancer Program (COE) of Mexico; patient information was extracted from electronic medical records.
Results: Of 311 patients, 107 (34.4%) were with BRCAm; 71.9% (77/107) were with BRCA1, of which 27.3% (21/77) were with BRCA1-Del ex9-12, and 28.1% (30/107) were with BRCA2 mutations. Only 35 patients received olaparib treatment, and the median follow-up was 12.87 months. The PFS of BRCA1-Del ex9-12 was NR (non-reach); however, 73% of the patients received the treatment at 36 vs. 11.59 months (95% CI; 10.43–12.75) in patients with other BRCAm (p = 0.008). Almost 50% of patients required dose reduction due to toxicity; the most frequent adverse events were hematological in 76.5% and gastrointestinal in 4%.
Conclusion: Mexican OC BRCA1-Del ex9-12 patients treated with olaparib had a significant increase in PFS regardless of the line of treatment compared to other mutations in BRCA.
Keywords: epithelial ovarian cancer, Mexican founder mutation, large rearrangements, progression-free survival, BRCA mutation
INTRODUCTION
Among gynecologic cancers, ovarian cancer (OC) has the highest mortality rate. Epithelial ovarian cancer is the most lethal gynecologic malignancy, as it is commonly diagnosed at an advanced stage and only 10% of all OC is non-epithelial (include mainly germ cell tumors, sex cord–stromal tumors, and some rare tumors) (Boussios et al., 2017). According to GLOBOCAN estimates, in 2020, there were 313,959 new cases and 207,252 deaths worldwide. In Mexico, the estimated number of new cases and deaths for the same year were 4,963 and 3,038, respectively (The Global Cancer Observatory, 2020).
The recent addition of poly (ADP-ribose) polymerase (PARP) inhibitor (PARPi) as a treatment option has caused a paradigm shift in the management of OC patients. PARP prevents the repair of single-stranded DNA breaks and, coupled with a deficiency in repair by homologous recombination, causes synthetic lethality and cell death (Weaver and Yang, 2013). Olaparib, niraparib, and rucaparib are novel oral PARPi agents that have become a standard of care in different clinical settings, such as maintenance therapy after platinum-sensitive recurrence with either partial or complete response or after frontline therapy. Although clinical trials have demonstrated the efficacy of PARPi in the absence of homologous recombination deficiency, patients with BRCA gene mutations achieve better outcomes (Coleman et al., 2017; Del Campo et al., 2019; González-Martín et al., 2019). However, apart from mutations in the BRCA1/2 genes, there are other genomic alterations involving genes in homologous recombination pathways like the Fanconi anemia genes (BRIP1 and PALB2), the core RAD genes (RAD51C and RAD51D), and genes involved directly (CHEK2, BARD1, NBN, and ATM) or indirectly (CDK12). The genome-wide association studies identified single-nucleotide polymorphisms associated with susceptibility for epithelial OC, for example, 27 loci are associated with invasive epithelial OC identified so far account for 6.4% of the polygenic risk for epithelial OC (Boussios et al., 2020).
Mutations in BRCA1/2 occur in 1 out of 300–500 women, increasing their risk of developing various types of cancer, predominantly breast and ovarian cancer (Zhang et al., 2011; Toss et al., 2015). It is estimated that 13–17% of OC are due to heritable mutations in BRCA1 and BRCA2 (Hennessy et al., 2010; Cancer Genome Atlas Research Network, 2011). In addition, 3–7% of OC patients harbor a somatic mutation of the BRCA genes (Cunningham et al., 2014; Pennington et al., 2014). There are previous reports of BRCA mutation frequency in Mexican OC patients. The first study carried out by Villarreal-Garza et al. (2015a) tested BRCA mutations (using HISPANEL) in 188 non-related patients (92 with OC and 96 with breast cancer (BC)). This study reported that BRCA mutations were detected in 28% of OC patients and most of the mutations were in BRCA1 (88%). Gallardo-Rincón et al. (2020) studied 179 OC patients for germline BRCA mutations through next-generation sequencing and multiplex ligation-dependent probe amplification. In this study, 33% of patients had a germline mutation and 66% of these were found in BRCA1. In addition, the most frequent mutation for Mexican BRCA mutation carriers was the deletion of exons 9 to 12 in BRCA1 (BRCA1-Del ex9-12) representing the 28% (11/39) of BRCA1-mutated patients. Other studies support these data in BC and OC patients combined (Vaca-Paniagua et al., 2012; Quezada Urban et al., 2018; Oliver et al., 2019).
The BRCA1 Mexican founder mutation (BRCA1-Del ex9-12 or NM_007294.3: c.548-?_4,185+?del) is related to a clear founder effect (Weitzel et al., 2005; Weitzel et al., 2007; Weitzel et al., 2013). The previously mentioned epidemiological studies reported that the founder mutation accounts for 28–35% of BRCA gene mutations in Mexican OC (Cunningham et al., 2014; Villarreal-Garza et al., 2015a). The Mexican founder mutation is a large rearrangement (exon deletion). Previous reports suggest the possibility that large rearrangements represent a type of BRCA gene mutation with greater penetrance for cancer risk, as it correlates with earlier onset age or more aggressive tumors in BC and OC patients (James et al., 2015; Kwong et al., 2015). This molecular feature could have a meaningful clinical impact on screening, prognosis, and treatment in the case of PARPi. The aim of this study was to describe the survival rate of OC patients treated with olaparib, emphasizing patients carrying the Mexican founder mutation (BRCA1-Del ex9-12).
MATERIALS AND METHODS
Study Design
In this single-center observational study, data analysis was carried out from retrospectively collected samples with prospectively followed up. A total of 311 OC patients in clinical stages (CS) from IA to IVB were enrolled from October 2015 to May 2021 at the Instituto Nacional de Cancerología (INCan) of Mexico. All patients provided written informed consent before entering the study. Of 311 OC patients, 35 were treated with olaparib at the Ovarian and Endometrial Cancer Program (COE) at INCan, from November 2016 to May 2021.
Patients
Patient inclusion criteria were: 1. histopathology confirmed diagnosis of epithelial ovarian cancer platinum-sensitive, at any clinical stage. 2. BRCA1/2 germinal mutation. 3. Partial or complete objective response (either according to response evaluation criteria in solid tumors (RECIST) version 1.1 or patients with stable disease with a decreased level of CA-125 4 of olaparib maintenance treatment starting 4–8 weeks after the last chemotherapy cycle. In November 2020, the first-line olaparib maintenance treatment in OC patients was started. Olaparib dose was 800 mg/day, as maintenance therapy until progression; dose adjustment administration was allowed in grade 2 or more adverse events.
Study Endpoints and Assessments
The primary objective was to evaluate the benefit of olaparib in Mexican OC patients by describing their PFS according to BRCA1 founder mutation. PFS was defined as the time from the beginning of treatment with olaparib to disease progression, death, or the last contact at a cutoff date of 31 May 2021. Baseline clinicopathological characteristics such as age, histology, stage assigned at diagnosis, and toxicity were extracted from electronic medical records.
Statistical Analyses
Continuous variables were tabulated as medians with ranges or as means with standard deviations (SDs), depending on the data distribution. The distribution was assessed using the Shapiro–Wilk test with a p-value greater than 0.05 considered as normally distributed. Two-group comparisons were tested using Student’s t-test or Mann–Whitney U test depending on the data distribution. Nominal data were analyzed using the chi-squared (X2) test. Median PFS curves were estimated using the Kaplan–Meier method, while comparisons among groups were analyzed with log-rank or Breslow tests. Statistical significance was determined as p ≤ 0.05 with a two-sided test. All data were analyzed using the SPSS software package version 26 (SPSS, Inc., Chicago, Ill, United States) and GraphPad Prism version 9.0 (GraphPad San Diego, CA, United States).
RESULTS
Presence of Germinal BRCA Mutations
Of 311 OC patients, 107 (34.4%) had a germinal BRCAm, of which 71.9% (77/107) were BRCA1 and 28.1% (30/107) were BRCA2 mutations. Among these patients, the most common pathogenic variant detected in 21 (27.3%) was BRCA1-Del ex9-12 (Mexican founder mutation). The patient enrollment, testing flowchart, and line of treatment subgroups are summarized in Figure 1.
[image: Figure 1]FIGURE 1 | Patient enrollment flowchart. Flowchart summarizes patient enrollment and sub-analysis groups.
Patient Characteristics
A total of 36 patients received olaparib, and only 35 patients were analyzed in this study; one patient was excluded because she received gemcitabine instead of platinum-based chemotherapy before olaparib treatment (platinum hypersensitivity). The median age was 51 years (range, 40–69); 33 patients were with HGSP histology (94.2%), and 19 patients (54.3%) had a clinical-stage IIIC disease. Most of the patients did not present comorbidities like diabetes mellitus and systemic arterial hypertension (88.6 and 82.9%, respectively). Patients confirmed with the first and second grade of cancer family history (CFH) were 31 (88.6%), 12 patients (34.3%) for OC and 23 patients (65.7%) for BC, and 15 patients (42.9%) were positive for other BRCA-associated cancer types (prostate, pancreatic, and gastrointestinal). Almost 23% (8 patients) had double primary malignancy (breast–ovarian) (Table 1). The median of follow-up of the 35 patients was 12.87 months. By the time of data analysis, 21 patients (60%) had disease progression to olaparib maintenance therapy, and 14 patients (40%) were still receiving olaparib treatment (Figure 2A). There were no statistical differences in the clinical characteristics according to the BRCAm, which are visualized in Table 1. Genetic variants of BRCA1/2 were classified according to the prevalence in the cohort of patients, the ovarian cancer cluster regions (OCCRs), and breast cancer cluster regions (BCCRs) in both genes (BRCA1/2) Table 2.
TABLE 1 | Baseline characteristics.
[image: Table 1][image: Figure 2]FIGURE 2 | Patient PFS analysis. (A) Histogram per patient shows the follow-up of each patient undergoing olaparib treatment and time after progression. Patients are grouped according to the presence of the Mexican founder mutation and other mutations organized by the lines of treatment received before olaparib maintenance therapy. Patients with BRCA1 founder mutation (BRCA1-Del ex9-12) (purple bars); patients with other BRCA mutations: second line (turquoise bars); third line (yellow bars); and patients in fourth line or more (red bars). (B) Progression-free survival comparison between BRCA1-Del ex9-12 and other BRCA mutations of patients undergoing olaparib maintenance therapy. Kaplan–Meier curve of PFS. Patients with BRCA1 founder mutation (BRCA1-Del ex9-12) (purple line); patients with other BRCA mutations (turquoise line). (C) Progression-free survival comparison between lines of treatment of the other BRCA mutations of patients undergoing olaparib maintenance therapy. Kaplan–Meier curve of PFS. Patients in second line (turquoise line), third line (yellow line), and patients in fourth line or more (red line).
TABLE 2 | BRCA mutation
[image: Table 2]Olaparib Maintenance Therapy Patient Characteristics
In total, 35 patients received olaparib maintenance therapy after platinum-based chemotherapy; 91.4% had a complete or partial response (n = 32), and 3 patients had stable disease (8.6%) before starting olaparib maintenance therapy. The number of patients treated with olaparib after the first line was 10 (27.8%) with a mean follow-up of 10.55 months. The platinum-sensitive, relapsed patients treated with olaparib at the second line (first recurrence) were 7 (20%), 5 patients (14.3%) at the third line (second recurrence), and 13 patients at fourth or more line of treatment (37.1%), all with a mean follow-up of 17.29 months.
Analyzing the patients with recurrent disease (first-line treated patients excluded), a platinum-free interval status was evaluated in 26 patients, 40% (14 patients) had a response of 6–12 months, and 31.4% (11 patients) had a response of 12 months or higher. Most of the mutations (68.6%) are located in the areas known as the OC cluster regions (OCCRs), and 31.4% are located in the BC cluster regions (BCCRs) in both genes (BRCA1/2). There were no statistical differences in the clinical characteristics of patients that received olaparib maintenance therapy according to the BRCAm which are visualized in S1.
Progression-Free Survival Analysis
The median follow-up of the 35 patients was 12.8 months (95% CI 8.82–16.92). The only baseline characteristic associated with olaparib PFS was breast CFH; these patients had a better survival (11.59 vs. 17.97 months p = 0.036). There were no statistical differences in the baseline characteristics associated with BRCAm as shown in S2. The median PFS of positive founder mutation BRCA1-Del ex9-12 was NR (at the time of cutoff, the survival was 73% at 36 months) vs. 11.59 months (95% CI 10.43–12.75) in those with other BRCAm detected (p = 0.008) (Figure 2B and Supplementary Figure S3). The PFS from the patients with positive founder mutation BRCA1-Del ex9-12 shows a significant increase regardless of the line of treatment in which they received the treatment compared to other mutations in BRCA. The median PFS of other BRCAm detected treated with olaparib after the first line was 12.87 months; also, 39.62 months for the patients treated at the second line (first recurrence), 11.30 months for patients at the third line (second recurrence), and 8.34 months for patients at the fourth or more lines of treatment were reported (Figure 2C and Supplementary Figure S3). The group of other BRCA mutations showed that patients with a complete or partial response before olaparib maintenance therapy had a better PFS than patients with stable disease (p = 0.008). Also, multi-treated patients (≥4°L) had the worst PFS among the other lines of treatment (p = 0.029) (S3).
Toxicity
Toxicity adverse events were obtained from the 35 analyzed patients. Of all patients, 48.6% (17/35) required dose reduction due to some adverse event of any grade (most of these patients were in the third or more lines of treatment). The most frequent adverse events in the patients with dose reduction were hematological in 76.5% (13 patients) and gastrointestinal in 23.5% (4 patients) (S1).
The use of olaparib was associated with neutropenia in 1 case with grade 3 and anemia in 15 patients (42.8%). Grade 2 anemia in 33.4% (5/15 patients), grade 3 in 46.6% (7/15 patients), and grade 4 in 20% (3/15 patients) were developed. On the other hand, 75% (3/4) of the patients had nausea grade 2 (2 patients), grade 3 in 1 patient, and 1 patient with dysgeusia grade 2. Other adverse event recorded in this cohort was pneumonitis in only 1 case associated with previous breast radiotherapy treatment. Expected adverse events related to the use of olaparib, such as myelodysplastic syndrome (MDS), occurred in 1 patient (toxicity events by subgroups are summarized in S4).
DISCUSSION
The BRCA1-Del ex9-12 mutation is related to a founder effect in the Mexican population. Epidemiological studies reported that this founder mutation represents the 28–39% of BRCA1 gene mutations in Mexican OC patients. In addition, another frequent mutation was present in the OCCR, BRCA1 c.1970A > T (p.Lys654Ter) at 8.6%. This mutation predicts loss of normal protein function through either protein truncation or nonsense-mediated mRNA decay (Judkins et al., 2005); Weitzel et al. (2005) reported that this mutation is associated with a high risk of developing cancer and is considered a frequent mutation in the Mexican population. The most common mutation in the BCCR of the BRCA1 gene is c.4868C > G (p.Ala1623Gly) at 8.6%, which is associated with a partial deletion in the exon 15, which is a rare mechanism of splicing alteration (Byers et al., 2016). This specific mutation is associated with a risk of more aggressive breast cancer in men, but its effect in ovarian cancer patients is unknown (Alsop et al., 2012).
Other founder effects have been reported in Latin American countries, such as Brazil (BRCA1 5382insC and BRCA2 c.156_157insAlu) and Colombia (BRCA1 3450del4, BRCA1 A1708E, and BRCA2 3034del4) (Ossa and Torres, 2016). Of these, BRCA1 3450del4 mutation has also been reported in Brazil and Chile, whereas mutation BRCA2 3034del4 has been reported in Argentina and Peru. These data imply that Hispanic (Latin American) populations share common genetic ancestry components from Europe, Africa, and Native Americans which are also genetically heterogeneous (Bryc et al., 2010). To our knowledge, this is the first report of the association of these specific mutations with survival and other outcomes in OC patients.
In our populations, most of the mutations detected in BRCA genes were point mutations. The BRCA1-Del ex9-12 mutation and BRCA1-Del ex18-19 represent the only cases of large rearrangement (exon deletion). Large gene rearrangements (LGRs) represent less than 10% of BRCA1 pathogenic variants (Sluiter and van Rensburg, 2011). Latin American patients report a prevalence of nearly 21%, similar to Dutch (27%) and Italian (20%) populations (Judkins et al., 2012). We identified that BRCA1-Del ex18-19 was detected in a single patient. LGRs in the BRCA gene are associated with greater penetrance for cancer risk and correlate with an earlier onset age of cancer or more aggressive tumors (James et al., 2015). Due to the large-scale sequencing efforts, there is currently a better understanding of the genomic landscape of several malignancies, for example, the incidence of germline BRCA mutations in newly diagnosed prostate cancer patients is 1.2–2%, and the BRCA1/2 carriers can have around 4- and 8-fold risk of developing prostate cancer, respectively. So, the importance of detection and the identification of defects in DNA repair genes have led to clinical studies that provide a strong rationale for developing PARPi and DNA-damaging agents in this molecularly defined subset of patients (Ghose et al., 2021).
It has been demonstrated that triple-negative breast cancer patients with the Mexican founder mutation have the worst outcome (Villarreal-Garza et al., 2015b). In agreement with this report; of eight patients that present a double primary malignant neoplasm, four patients were founder-mutated with triple-negative breast cancer and two patients had progressive disease. Probably, the main reason regarding the difference in survival between patients with small-scale BRCA mutations and LGRs relies on the resistance mechanisms to PARPi, such as olaparib. Among the most important is mutational reversion, restoring homologous recombination repair of DNA double-strand breaks (Banda et al., 2018).
In this way, BRCA1 9–12 exon deletion represents the loss of more than 60% of the gene-coding region, so it would be complex to opt for a mutational reversion resistance mechanism to restore the wild-type allele and thus correlate with the better response and survival. Similar observations have been reported in patients with BRCA LGRs and their response to platinum and PARPi (Randall et al., 2020; Wang et al., 2022).
The median PFS reported in the SOLO2 trial in first platinum-sensitive, relapsed BRCA-mutated OC patients treated with olaparib was higher (19.1 months [95% CI 16.3–25.7]) than that in the placebo (5.5 months [5.2–5.8]; hazard ratio [HR] 0.30 [95% CI 0.22–0.41], p < 0.0001) with 22.1 months of follow-up (Pujade-Lauraine et al., 2017); in our study, the median PFS for the first recurrent platinum-sensitive OC patients like the SOLO2 trial patient characteristics (n = 25) was 39.68 months with a median follow-up of 17.2 months.
The median PFS reported in the SOLO1 trial in first-line maintenance therapy OC patients with BRCA1/2 mutation was 60% at 3 years of follow-up (Moore et al., 2018); in our study, the median PFS for positive Mexican founder mutation in BRCA1 was NR, but 73% at 3 years vs. 11.59 months (95% CI 10.43–12.75) in those with other BRCAm were detected. (p = 0.004). Our results are consistent and confirmed the preliminary results that were reported by Gallardo-Rincón et al. (2019).
Regarding the use of olaparib in the first line of treatment, our data are immature, and we are still recruiting patients with the founder mutation to compare their survival with other BRCA mutations. At the time of the cut-off, 10 patients were receiving maintenance treatment after the first line, and the median PFS was 12.87 months with a short follow-up of 10.5 months. BRCA1-Del ex9-12-mutated patients that required dose reduction reported fewer adverse events associated with olaparib treatment than other BRCAm patients (33 vs. 52%, respectively). Multi-treated patients (≥4°L) reported more and higher toxicity effects.
Despite the limited number of patients that received olaparib treatment (N = 35), the obtained results are precise on its clinical benefit for patients with PARPi, especially for patients with BRCA1-Del ex9-12 Mexican founder mutation. We consider that a new prospective study would be feasible and essential because it may provide more evidence on the efficacy of PARPi in this patient population. Therefore, we recommend the detection of the founder mutation in patients susceptible to treatment with PARPi since the patients in our study benefited from olaparib.
In Mexico, mutation screening in OC patients with and without cancer family history is limited (Martínez-Treviño et al., 2018). Very few research and medical oncology care centers provide this multidisciplinary care service, which allows the identification of patients that may benefit from new therapies for treatment with PARPi (Fragoso-Ontiveros et al., 2019). We highlighted the need to include genetic risk assessment and molecular testing in medical oncology centers that also allows genetic counseling to detect this Mexican founder mutation at diagnosis due to its prevalence in the OC patient population. Therefore, based on our results, we propose that the mutation status (BRCA1-Del ex9-12) should be an additional stratification factor in the standard treatment of patients.
The Mexican OC patients with the founder mutation (BRCA1-Del ex9-12), treated with PARPi maintenance therapy (olaparib), show a significant increase in PFS regardless of the line of treatment compared to other mutations in BRCA.
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