Characterization of patients with long-term responses to rucaparib treatment in recurrent ovarian cancer
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HIGHLIGHTS
· Patients with recurrent ovarian cancer (OC) who responded to rucaparib treatment in Study 10 and ARIEL2 were characterized. 
· Duration of response (DOR) was used to group long- (≥1 y), intermediate- (6 mo to <1 y), and short-term responders (<6 mo).
· The majority of long- and intermediate-term responders with BRCA wild-type OC had high genome-wide loss of heterozygosity.
· BRCA structural variants were common in long-term responders and associated with longer DOR than other alteration types.
· Our analyses show that reversion-resistant BRCA structural variants contribute to extended DOR to PARP inhibitor therapy.


ABSTRACT 
Objective. To describe molecular and clinical characteristics of patients with high-grade recurrent ovarian carcinoma (HGOC) who had long-term responses to the poly(ADP-ribose) polymerase (PARP) inhibitor rucaparib.  
Methods. This post hoc analysis pooled patients from Study 10 (NCT01482715; Parts 2A and 2B; n = 54) and ARIEL2 (NCT01891344; Parts 1 and 2; n = 491). Patients with investigator-assessed complete or partial response per RECIST were classified based on duration of response (DOR): long (≥1 year), intermediate (6 months to <1 year), or short (<6 months). Next-generation sequencing was used to detect deleterious mutations and loss of heterozygosity (LOH) in tumors.  
[bookmark: _Hlk79062061]Results. Overall, 25.3% (138/545) of enrolled patients were responders. Of these, 27.5% (38/138) had long-term responses; 28.3% (39/138) were intermediate- and 34.8% (48/138) were short-term responders. Most of the long-term responders harbored a BRCA1 or BRCA2 (BRCA) mutation (71.1%, 27/38), and BRCA structural variants were most frequent among long-term responders (14.8%; 4/27). Responders with HGOC harboring a BRCA structural variant (n = 5) had significantly longer DOR than patients with other mutation types (n = 81; median not reached vs 0.62 years; HR, 0.21; 95% CI, 0.10–0.43; unadjusted p = 0.014). Among responders with BRCA wild-type HGOC, most long- and intermediate-term responders had high genome-wide LOH: 81.8% (9/11) and 76.9% (10/13), respectively, including 7 with deleterious RAD51C, RAD51D, or CDK12 mutations.
Conclusion. Among patients who responded to rucaparib, a substantial proportion achieved responses lasting ≥1 year. These analyses demonstrate the relationship between DOR to PARP inhibitor treatment and molecular characteristics in HGOC, such as presence of reversion-resistant BRCA structural variants.
Keywords: Duration of response; Ovarian carcinoma; Genomics; Rucaparib; Safety

Introduction
Cancers that are defective in homologous recombination repair (HRR), for example, those with a BRCA1 or BRCA2 (BRCA) mutation, are sensitive to platinum-based chemotherapies and poly(ADP-ribose) polymerase (PARP) inhibitors [1, 2] such as rucaparib. In the phase 2 studies Study 10 (NCT01482715) and ARIEL2 (NCT01891344) [3-7], rucaparib demonstrated antitumor activity in patients with recurrent high-grade ovarian carcinoma (HGOC) associated with a deleterious BRCA mutation, with an investigator-assessed confirmed objective response rate of 53.8% (57/106 patients) and a median duration of response (DOR) of 9.2 months [4]. Based on data from these phase 2 studies, rucaparib was approved in the United States and European Union as monotherapy for the treatment of recurrent HGOC associated with a deleterious germline and/or somatic BRCA mutation. In addition, rucaparib is approved for maintenance treatment in patients with recurrent ovarian cancer who are in complete response (CR) or partial response (PR) to platinum-based therapy, regardless of BRCA mutation status or other indication of homologous recombination deficiency (HRD). 
[bookmark: _Hlk79063619][bookmark: _Hlk79063634]Clinical and molecular characterization of patients who derive durable benefit from PARP inhibitor treatment may provide insights into improving outcomes for patients with recurrent HGOC. For example, outcomes for patients receiving a PARP inhibitor strongly correlate with platinum sensitivity [7-11], and CR to most recent platinum-based chemotherapy was a significant predictor of long-term (>2 years) maintenance treatment with the PARP inhibitor olaparib [12]. HGOC cases harboring BRCA mutations also constitute a high proportion of patients who received olaparib maintenance for >2 years (long-term subgroup), although the enrichment was not significant compared with those who received olaparib for <3 months (short-term subgroup) [12]. However, some types of BRCA alterations may confer a different likelihood of long-term response, especially if they are differentially susceptible to reversions, which is a major source of cross-resistance to platinum and PARP inhibitor therapies [13]. Additionally, co-occurring genetic events may modulate the outcomes of patients with BRCA-mutated HGOC. For example, RB1 loss in the background of HRR gene alterations was significantly associated with improved progression-free survival and overall survival following platinum therapy [14]. Alterations in other HRR genes, most prominently RAD51C and RAD51D, have also been linked with improved sensitivity to PARP inhibitors [7, 15] and were detected in the carcinomas of patients with exceptional response and survival post platinum [14].
Beyond genetic alterations in HRR genes, epigenetic silencing of BRCA1 and the presence of genomic scars associated with genomic instability and suggestive of HRD (e.g., loss of heterozygosity, telomeric allelic imbalance, large-scale state transitions) have been associated with sensitivity to PARP inhibitors. High genomic instability scores (GIS) were observed in the majority of patients in the long-term subgroup in the olaparib maintenance trial, but they were not found in a higher proportion of patients compared to the short-term subgroup. Interestingly, BRCA1 methylation, a plastic modification that can be lost over time under selective pressure of ongoing therapy, was only identified within the short-term subgroup [12, 16]. In contrast, HRD-related genomic scars are permanent, present even as tumors regain functional HRR and may therefore be less effective in predicting sustained response, especially in later lines of therapy [17].
Here, we describe a post hoc analysis of responders from Study 10 and ARIEL2 categorized by the duration of their CR or PR to rucaparib treatment, including an examination of their clinical and molecular characteristics.
Methods
Study design and population
This post hoc analysis included patients enrolled in Study 10 (Parts 2A and 2B) and ARIEL2 (Parts 1 and 2). 
Study 10 was a 3-part, open-label, phase 1/2 study of oral rucaparib given until disease progression or unacceptable toxicity [6]. Part 2A enrolled patients with platinum-sensitive (disease progression ≥6 months after the last dose of platinum) relapsed HGOC and a germline BRCA mutation (detected by local testing) who had received 2 to 4 prior chemotherapy regimens. Part 2B of the study enrolled patients with HGOC associated with a germline or somatic BRCA mutation who received 3 to 4 prior chemotherapy regimens. In Part 2B, patients could be platinum-sensitive, platinum-resistant (disease progression <6 months after the last dose of platinum, with best response other than progressive disease), or platinum-refractory (best response of progressive disease on last platinum with progression-free interval <2 months). The primary endpoint in Parts 2A and 2B was investigator-assessed objective response rate per Response Evaluation Criteria In Solid Tumors, version 1.1 (RECIST). 
ARIEL2 was a 2-part, open-label, phase 2 study [5, 7]. Part 1 enrolled patients with relapsed HGOC who had received at least 1 prior platinum-based regimen and had platinum-sensitive disease. Part 2 enrolled patients with relapsed HGOC who had received 3 to 4 prior chemotherapies and had a treatment-free interval of >6 months following first-line chemotherapy. Patients in Part 2 could be platinum-sensitive, ‑resistant, or -refractory. Both Part 1 and Part 2 enrolled patients regardless of their HRD status; however, Part 1 had a cap on the number of patients with a known germline BRCA mutation (n = 15), in order to enrich for the BRCA wild-type population. In ARIEL2, objective response rate was a primary endpoint in Part 2 and a secondary endpoint in Part 1. 
All patients provided written informed consent.
Patients were treated with oral rucaparib 600 mg twice daily until disease progression, unacceptable toxicity, or death. In Study 10, patients were dosed in cycles consisting of 21 days of continuous dosing. Dose reductions (in decrements of 120 mg) were permitted if a patient had a grade ≥3 adverse event.
Tumor assessments
Tumor response was assessed by the investigators per RECIST. Confirmatory scans were required 4 to 6 weeks after an initial CR or PR was noted.
In Study 10, computed tomography scans were performed at screening, within 7 days prior to the start of cycles 3, 5, and 7, and every 3 cycles of treatment thereafter from cycle 10; in Part 2B, scans continued after treatment for patients who discontinued for any reason other than disease progression.  
In ARIEL2, computed tomography scans were performed at screening and every 8 weeks (±4 days) during treatment and after treatment for patients who discontinued for any reason other than disease progression. 
In Study 10 Part 2B and ARIEL2 Parts 1 and 2, patients who had been on study at least 18 months could have the frequency of disease assessment decreased to every 16 weeks (±2 days). Assessment continued until confirmed disease progression, death, start of subsequent treatment, or loss to follow-up.
Safety assessments
Patients were monitored for adverse events during study participation and until 28 days after the last dose of rucaparib. Adverse events were classified in accordance with the Medical Dictionary for Drug Regulatory Activities classification system version 19.1 and graded for severity in accordance with the National Cancer Institute’s Common Terminology Criteria for Adverse Event version 4.03 [18]. Dose intensity was calculated as the actual dose received divided by the first dose.
Study 10 Part 2A and ARIEL2 Part 1 patients were treated and followed up until disease progression, death, or discontinuation of treatment due to other reasons. Study 10 Part 2B and ARIEL2 Part 2 patients were followed for survival, subsequent therapy, and secondary malignancy every 12 weeks until death, loss to follow-up, withdrawal of consent from study, or study closure, whichever occurred first. 
Analysis methods
Data from the 2 studies were pooled, and all patients with a confirmed CR or PR per RECIST were included. The patients were classified into subgroups based on investigator-assessed DOR, defined as the time from the date of first response until the first date progressive disease was documented. 
DOR was used to define long-term responders (patients with a DOR ≥1 year), intermediate-responders (patients with DOR of 6 months to <1 year), and short-term responders (patients with a response and DOR <6 months). Any patients with an ongoing response were censored at the date of the last postbaseline scan. Patients with an ongoing response with a DOR <1 year were censored and excluded from the analysis due to an inability to classify these patients into 1 of the 3 subgroups. Comparison of mutation type data across short-, intermediate-, and long-term responders was performed using the Freeman-Halton extension of Fisher’s Exact test. 
Kaplan-Meier methodology was used to analyze DOR in responders with a BRCA mutation, with median and 95% CIs (where estimable). The number of patients with events and the number of censored patients are presented descriptively. Hazard ratios between the responder subgroups were estimated using the Cox proportional hazards model.  
No adjustments were made for multiple comparisons; unadjusted p values are provided. 
Genomic characterization
Formalin-fixed paraffin-embedded tumor tissues collected before rucaparib treatment were profiled using targeted next-generation sequencing (NGS) to detect deleterious mutations in HRR genes, including BRCA1 and BRCA2. In addition, the NGS assay sequences single-nucleotide polymorphisms throughout the genome to identify tumors with high genome-wide loss of heterozygosity (LOH; ≥16%), a genomic scar indicative of HRD (Foundation Medicine, Cambridge, MA, USA) [5]. Mutations detected in tumor tissue were identified as germline or somatic by analysis of genomic DNA from blood using the BROCA NGS assay (University of Washington, Seattle, WA, USA) [19]. If multiple types of BRCA alterations were detected in the same patient, the patient was classified based on the event that impacted the greatest number of base pairs. Quantification of BRCA1 methylation levels in HGOC screening biopsies from ARIEL2 patients was performed by quantitative methylation-sensitive digital droplet polymerase chain reaction (MS-ddPCR) as previously described [20]. The ddPCR was performed on the Bio-Rad QX-200 system. Methylation frequencies determined by MS-ddPCR were normalized to neoplastic purity and BRCA1 number estimates using the following formula: RM×(CN×TP+(100-TP)×2)/(TP×CN)/100, where RM is the raw fraction methylated copies detected, TP is the tumor purity, and CN is the BRCA1 copy number [20]. The tumor purity and copy number were estimated based on the targeted NGS data [21]. Patient samples were classified as having high or low methylation levels based on a predefined cutoff of 70% [20].

Results
Responders’ baseline clinical characteristics 
For the purposes of this post hoc analysis, final results were pooled from Study 10 Parts 2A (n = 42) and 2B (n = 12) from the primary completion date of March 27, 2019, and from ARIEL2 Parts 1 (n = 204) and 2 (n = 287) from a visit cutoff date of February 1, 2019, for a total of 545 patients. Overall, 25.3% (138/545) of patients with HGOC enrolled in Study 10 and ARIEL2 had a confirmed investigator-assessed best overall response of PR or CR to rucaparib (Supplementary Figure 1), with a median DOR of 7.4 months.
Among responders, 38/138 (27.5%) had a long-term response (DOR ≥1 year), including 16/138 (11.6%) with a DOR ≥2 years; 39/138 (28.3%) patients had an intermediate-term response (DOR 6 months to <1 year); and 48/138 (34.8%) had a short-term response (DOR <6 months). There were 13 patients (9.4%) who were excluded from subsequent analysis: 12 patients were excluded on the basis that they had censored, ongoing responses with DOR <1 year and thus could not be categorized, and 1 patient with a DOR >1 year was excluded as her response extended beyond rucaparib treatment discontinuation and into subsequent anticancer treatment; baseline characteristics for the excluded patients are provided in Supplementary Table 1.
[bookmark: _Hlk65562634]Baseline characteristics and prior treatment history were broadly similar across all 3 groups of responders (Table 1). As expected, based on known prognostics of the disease, there were some trends toward improved performance status and increased sensitivity to platinum among long-term responders versus short-term responders. Among the responders analyzed, 83.2% (104/125) had platinum-sensitive disease, and 68.8% (86/125) had HGOC associated with a deleterious BRCA mutation. 
Characteristics of responders with BRCA-mutant HGOC
[bookmark: _Hlk66959436]A deleterious BRCA mutation was identified in 71.1% (27/38) of long-term responders, 66.7% (26/39) of intermediate-term responders, and 68.8% (33/48) of short-term responders. The majority of responders with BRCA-mutated HGOC had platinum-sensitive disease: 23/27 (85.2%), 21/26 (80.8%), and 25/33 (75.8%) of long-, intermediate-, and short-term responders, respectively. However, long-, intermediate-, and short-term response was also observed in patients with BRCA-mutated, platinum-resistant disease (4/27 [14.8%], 5/26 [19.2%], and 8/33 [24.2%], respectively). 
A BRCA Ashkenazi Jewish founder mutation (BRCA1 c.68_69delAG, BRCA1 c.5266_5267insC, or BRCA2 c.5946delT) was detected in 29.6% (8/27) of long-term responders, 23.1% (6/26) of intermediate-term responders, and 21.2% (7/33) of short-term responders with BRCA-mutated HGOC (Table 2); the proportions were similar across the 3 subgroups (unadjusted p = 0.78). Similar fractions of mutations in BRCA1 and BRCA2 were observed in all 3 responder subgroups (Table 2; unadjusted p = 0.53). There was no apparent difference in the intragenic location of BRCA single nucleotide substitutions or small insertions/deletions across all 3 responder subgroups (Supplementary Figures 2 and 3). 
[bookmark: _Hlk79063300]The most common type of alterations in all 3 responder subgroups was small insertions/deletions in the BRCA genes (Table 2). Among responders with HGOC harboring a BRCA mutation, we observed a significant difference in the frequency of BRCA structural variants, such as homozygous deletion or large deletions or duplications, across the 3 subgroups; these variants were detected in 14.8% (4/27) of long-term responders, but in only 3.8% (1/26) and 0% (0/33) of intermediate- and short-term responders with BRCA-mutated HGOC, respectively (Table 2; unadjusted p = 0.036). For the long-term responders, 3 BRCA homozygous deletion or other structural variants were detected somatically, and 1 BRCA1 rearrangement was germline. Interestingly, the somatic BRCA truncation and duplication rearrangements were accompanied by protein-truncating BRCA short variants (Supplementary Figure 4). The BRCA1 large duplication detected in the intermediate-term responder was a germline mutation. Responders with HGOC harboring a BRCA homozygous deletion or other structural variant (n = 5) had significantly longer DOR than the subgroup of responders with other BRCA mutation types (n = 81; median not reached vs 0.62 years; hazard ratio, 0.21; 95% CI, 0.10–0.43; unadjusted p = 0.014; Figure 1), even though 2/5 (40.0%) of these cases were platinum-resistant compared to 15/81 (18.5%) of the HGOC cases harboring other BRCA mutation types. When considering patients from ARIEL2 and Study 10 who had BRCA-mutated HGOC and a best overall response of progressive disease (n=20), a BRCA structural variant was only detected in 1 patient (5.0%).
[bookmark: _Hlk66959448]Among ARIEL2 and Study 10 responders, 6/86 (7.0%) HGOC cases with a BRCA mutation also harbored an RB1 alteration (4 deletions/rearrangements and 2 splice site mutations). Four (66.7%) of these cases were long-term responders, and the remaining 2 (33.3%) were short-term responders. 
Characteristics of responders with BRCAwt HGOC
A majority of long-, intermediate-, and short-term responders with BRCA wild-type HGOC had platinum-sensitive disease (10/11 [90.9%], 11/13 [84.6%], and 14/15 [93.3%], respectively; Figure 2). Only 1 responder had platinum-refractory disease, and she achieved a long-term response. That patient had BRCA wild-type/LOH-low HGOC, had received 4 prior chemotherapy regimens (2 platinum-based), and had progressed 1 month after completing her last platinum-based therapy. Among responders with BRCA wild-type HGOC, 9/11 (81.8%) long-term responders and 10/13 (76.9%) intermediate-term responders had high genome-wide LOH (≥16% LOH). In contrast, only 6/15 (40.0%) short-term responders had high genome-wide LOH (Figure 2). Five responders (2 long-term, 3 intermediate-term) had a deleterious RAD51C or RAD51D mutation, and 2 responders (1 long-term, 1 intermediate-term) had a deleterious CDK12 alteration. 
We also explored the presence of epigenetic BRCA1 silencing within the 3 different types of responders. Quantitative BRCA1 methylation data at screening was available for 6 long-, 7 intermediate-, and 8 short-term responders with BRCA wild-type HGOC. The frequency of high-level BRCA1 methylation (≥70%) was similar among responder subgroups, with 2/6 (33.3%) long-, 3/7 (42.9%) intermediate-, and 2/8 (25.0%) short-term responders harboring this modification. Low levels of BRCA1 methylation (<70%) were observed in 1 responder with methylation data, who achieved a short-term response (102 days).
Treatment duration and safety
Among long-term responders, median treatment duration was 2.5 years (range, 1–5 years), and median dose intensity was 0.82. Most long-term responders (27/38; 71.1%) had ≥1 dose reduction due to a treatment-emergent adverse event (TEAE); 18/38 patients (47.4%) had ≥2 dose reductions. The most common TEAEs leading to dose reduction among long-term responders were anemia/decreased hemoglobin (42.1%), asthenia/fatigue (34.2%), nausea (13.2%), and neutropenia/decreased absolute neutrophil count (13.2%). TEAE incidence rates were broadly similar across the subgroups of responders (Supplementary Table 2), and when adjusted by treatment time, incidence rates of the most common TEAEs were generally similar or lower in long-term responders as in intermediate- or short-term responders (Figure 3). There were no cases of myelodysplastic syndrome or acute myeloid leukemia reported among patients who achieved a response to rucaparib.
Discussion
In a pooled analysis across ARIEL2 and Study 10, long term response (≥1 year) to rucaparib occurred in 28% of responders. The majority of responders, regardless of response duration, harbored a deleterious BRCA mutation, predominantly small insertions/deletions; however, homozygous deletion or other structural variants were significantly more common in long-term responders. A long-term benefit from PARP inhibitor maintenance has been reported before in a case study of an HGOC patient with a BRCA1 homozygous deletion [22]; however, to our knowledge, we present the first systematic analysis that links structural variants, such as deletions and rearrangements, to an exceptional response to PARP inhibitor therapy. Approximately 10–15% of germline BRCA mutations are structural variants, and this mutation class is not susceptible to somatic reversion mutations, which represent a major mechanism of PARP inhibitor resistance. That lack of susceptibility to reversion events likely explains the durable responses observed in these patients (up to 4 years). BRCA mutations identified before rucaparib treatment in intermediate- and short-term responders may have undergone reversions or developed other locus-specific mechanisms of resistance (e.g., upregulation of BRCA splice variants or hypomorphs) [23]. Indeed, BRCA reversion mutations that emerged during treatment were present in at least 8/78 (10%) of postprogression samples in BRCA-positive patients treated with rucaparib [13]. 
Approximately 30% of patients achieving an objective response to rucaparib did not have carcinomas associated with a deleterious BRCA mutation, including many long- and intermediate-term responders. Most of the long- and intermediate-term responders with BRCA wild-type HGOC had tumors with high genome-wide LOH (9/11 and 10/13, respectively), indicating that these tumors had other non-BRCA defects in the HRR pathway. This included 7 long- and intermediate-term responders with both high genome-wide LOH and deleterious RAD51C, RAD51D, or CDK12 mutations.
As expected, many patients who achieved a response to rucaparib were platinum-sensitive. However, long- and intermediate-term responses were also observed in a number of patients who were platinum-resistant (11 patients) or -refractory (1 patient), suggesting that there are other mechanisms beyond platinum sensitivity, such as molecular characteristics, that can influence whether a patient will respond to a PARP inhibitor. 
In an analysis of patients from Study 19, Lheureux et al. compared clinical and molecular characteristics of subgroups based on time on olaparib maintenance treatment [12]. Notably, their analysis was based on progression-free survival duration while on olaparib rather than tumor response because Study 19 was a switch maintenance study of patients who had achieved a CR or PR to platinum-based chemotherapy. Consequently, unlike the present study, cases with short progression-free survival in Study 19 were likely non-responders to PARP inhibition. BRCA mutations were more common in patients who received olaparib maintenance for >2 years (long-term subgroup; 69%) than in those who received olaparib maintenance for <3 months (short-term subgroup; 53%), with BRCA2 mutations being the most common within the long-term subgroup. When considering both Myriad GIS and/or presence of a BRCA mutation, HRD was more common in the long-term than in the short-term subgroup (96% vs 76%). Lheureux et al. found that BRCA1 methylation was less common before olaparib maintenance treatment in the long-term subgroup than the short-term subgroup (0% vs 19% of available samples) when analyzed in a binary fashion for presence/absence of methylation. However, in our quantitative BRCA1 methylation analysis, we found that across subgroups of responders to rucaparib treatment, the proportion of responders with a high level of BRCA1 methylation was similar, indicating that patients with BRCA1 methylation can indeed achieve long-term response on rucaparib. Interestingly, only 1 patient had low levels of BRCA1 methylation in the cohort we analyzed, and that patient was a short-term responder, suggesting that incomplete BRCA1 methylation is not likely to lead to a response and that if it does, the response is not sustained. 
One strength of our analysis is that screening samples were primarily used for characterizing gene mutations and were exclusively used for assessing methylation status, which reflect the current genetic and epigenetic profile of the carcinoma at the time of study enrollment to a greater extent than archival tissue. In addition, the inclusion of patients with wild-type BRCA HGOC in the analysis allowed for a greater scope to evaluate the molecular characteristics that may impact the durability of a patient’s response to a PARP inhibitor. 
Our current analysis also demonstrates the safety and tolerability of extended rucaparib treatment. Despite being on therapy for more than twice as long as short-term responders, the adverse event profile of long-term responders was consistent with that of the short-term responder group. The incidence rate adjusted for treatment-years was lower among long-term responders, suggesting an absence of cumulative toxicity with extended rucaparib treatment. Although the analysis could potentially be limited by a survivorship bias, namely, that long-term responders were patients who did not discontinue early due to adverse events associated with treatment, the safety profile in each subgroup was consistent with the overall pooled Study 10/ARIEL2 safety population [3, 4]. 
Conclusion
Among patients who responded to rucaparib, a substantial proportion achieved responses lasting 1 year or more. Results from these analyses expand our understanding of the relationship between BRCA mutations and/or HRD and achievement of a durable response to PARP inhibitor treatment, particularly in the presence of BRCA structural variants that are resistant to secondary reversion events.  
· 
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Figures and Tables
Table 1
Patient characteristics in long-, intermediate-, and short-term responders treated with rucaparib.
	 
	Long-term responders
(n = 38)
	Intermediate-term responders
 (n = 39)
	Short-term responders
(n = 48)

	Median age (range), years
	63 (33-82)
	64 (45-78)
	60 (42-84)

	Median weight (range), kg
	68.7 (47.5-103.3)
	68.7 (41.0-139.7)
	73.5 (50.0-112.1)

	Median BMI (range), kg/m2
	25.9 (18.6-37.5)
	26.9 (17.8-51.0)
	28.6 (17.9-42.4)

	ECOG PS, n (%) 
   0
   1
	
25 (65.8)
13 (34.2)
	
19 (48.7)
20 (51.3)
	
29 (60.4)
19 (39.6)

	Cancer type, n (%) 
   Ovarian carcinoma 
   Primary peritoneal carcinoma 
   Fallopian tube carcinoma
	
33 (86.8)
3 (7.9)
2 (5.3)
	
34 (87.2)
2 (5.1)
3 (7.7)
	
43 (89.6)
3 (6.3)
2 (4.2)

	Median time since cancer diagnosis (range), mo
	50.1 (16.3-134.9)
	40.1 (12.3-104.0)
	42.5 (12.0-186.8)

	Median number of prior chemo (range) 	
	2.5 (1-5)
	2 (1-4)
	2 (1-4)

	Median number of prior platinum-based treatment (range)
	2 (1-4)
	2 (1-4)
	2 (1-4)

	Response to last platinum-based treatment, n (%) 
   Sensitive 
   Resistant 
   Refractory 	
	
33 (86.8)
4 (10.5)
1 (2.6)
	
32 (82.1)
7 (17.9)
0 
	
39 (81.3)
9 (18.8)
0

	BRCA mutation status, n (%) 
   Deleterious BRCA mutation 
   BRCA wild-type
      High LOH (≥16%)
      Low LOH (<16%)
      LOH indeterminate 	
	
27 (71.1)
11 (28.9)
9 (23.7)
1 (2.6)
1 (2.6)
	
26 (66.7)
13 (33.3)
10 (25.6)
2 (5.1)
1 (2.6)
	
33 (68.8)
15 (31.3)
6 (12.5)
7 (14.6)
2 (4.2)

	Confirmed RECIST response to rucaparib in Study 10 or ARIEL2, n (%)
   CR
   PR
	

14 (36.8)
24 (63.2)
	

6 (15.4)
33 (84.6)
	

1 (2.1)
47 (97.9)


BMI, body mass index; BRCA, BRCA1 or BRCA2; ECOG PS, Eastern Cooperative Oncology Group performance status; LOH, loss of heterozygosity; RECIST, Response Evaluation Criteria In Solid Tumors, version 1.1.




Table 2 
Summary of molecular characteristics in long-, intermediate-, and short-term responders for patients with BRCA mutations treated with rucaparib.
	 
	Long-term responders with BRCA mutations
(n = 27)
	Intermediate-term responders with BRCA mutations
(n = 26)
	Short-term responders with BRCA mutations
(n = 33)

	BRCA mutation origin, n (%)
   Germline
   Somatic
	
22 (81.5)a
5 (18.5)
	
21 (80.8)
5 (19.2)
	
23 (69.7)
10 (30.3)

	BRCA Ashkenazi founder mutation, n (%)
   Yes
   No
	
8 (29.6)
19 (70.4)
	
6 (23.1)
20 (76.9)
	
7 (21.2)
26 (78.8)

	BRCA gene with mutation, n (%)
   BRCA1
   BRCA2
	
17 (63.0)a
10 (37.0)
	
17 (65.4)
9 (34.6)
	
17 (51.5)
16 (48.5)

	BRCA mutation type, n (%)b
   Homozygous deletion or other structural variant
   Small insertion/deletion
   Nonsense mutation
   Missense
   Splice-site mutation
	
4 (14.8)
21 (77.8)
1 (3.7)
0
1 (3.7)
	
1 (3.8)
16 (61.5)
6 (23.1)
1 (3.8)
2 (7.7)
	
0
23 (69.7)
8 (24.2)
1 (3.0)
1 (3.0)


aA long-term responder with a germline BRCA1 mutation also had a somatic BRCA2 truncating rearrangement detected in the tumor.
bIf multiple types of BRCA alterations were detected in the same patient, the patient was classified based on the larger event that impacted the greatest number of base pairs.
BRCA, BRCA1 or BRCA2. 
Fig. 1. Duration of response to rucaparib in patients with a BRCA structural variant versus other BRCA mutations
[image: ]
BRCA, BRCA1 or BRCA2; DOR, duration of response; HR, hazard ratio; NR, not reached.


Fig. 2. Time on rucaparib and genomic/clinical characteristics of long-, intermediate-, and short-term responders with BRCA wild-type HGOC
[image: ]
[bookmark: IDX]Numbers shown at the end of each bar represent DOR to rucaparib in years; ongoing responses are indicated with a +. Within each subgroup patients are ordered from longest to shortest time on treatment (dark blue bar). Patients may have continued on treatment after disease progression (ie, end of response [circles]).
BRCA, BRCA1 or BRCA2; DOR, duration of response; HGOC, high-grade ovarian cancer; HRR, homologous recombination repair; LOH, loss of heterozygosity.


Fig. 3. Incidence of most common (≥30% in any group) TEAEs adjusted by treatment time in long-, intermediate-, and short-term responders to rucaparib
[image: ]
TEAEs are ordered left to right in decreasing frequency of any grade events among long-term responders.
ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; TEAE, treatment-emergent adverse event.


Supplemental Materials
Supplementary Fig. 1. Histogram of duration of response in patients who had a confirmed response to rucaparib (n = 138).
[image: ]
*Patients with ongoing responses with DOR <1 year (n = 12 [8.6%]) or with a response extending past rucaparib discontinuation into subsequent anticancer treatment (n = 1 [0.7%]) were excluded from further analysis as they could not be categorized into a subgroup based on DOR.
DOR, duration of response.



Supplementary Fig. 2. Location of BRCA1 mutations (excluding CNVs) in (A) long-term, (B) intermediate-term, and (C) short-term responders to rucaparib.
[image: ]
The BRCA1 c.68_69delAG (E23fs*17) mutation is an Ashkenazi Jewish founder mutation and was identified in 5 long-term responders. Pfam protein domains are shown as colored bars: green, RING finger domain; red, serine-rich domain associated with BRCT; blue, EIN3 domain; yellow, BRCT domains. CNV, copy-number variants.
Supplementary Fig. 3. Location of BRCA2 mutations (excluding CNVs) in (A) long-term, (B) intermediate-term and (C) short-term responders to rucaparib.
[image: ]
The BRCA2 c. 5946delT (S1982fs*22) mutation is an Ashkenazi Jewish founder mutation and was identified in 2 long-term responders. Pfam protein domains are shown as colored bars: green, BRC repeats; red, helical; blue, oligonucleotide-binding domain 1; yellow, tower domain; purple, oligonucleotide-binding domain 3. CNV, copy-number variants.

Supplementary Fig. 4. Detection of BRCA structural variants in tumors of long-term responders.
A) Patient #1 with CR and DOR of 4.1+ years 
A BRCA1 homozygous deletion (13 of 24 exons) and a NF1 homozygous deletion (59 of 59 exons) were detected in the tumor.
[image: ]


B) 
C) Patient #2 with CR and DOR of 3.5+ years
In chromosome 17, duplication of exon 11 of BRCA1 (left) and a nonsense mutation (c.5449G>T; p.E1817*) in exon 22 of BRCA1 (right) were detected in the tumor.
[image: ] [image: ]

D) 
E) Patient #3 with PR and DOR of 1.4 years
The rearrangement is a chromosome 13 deletion with breakpoints in ~3Kbp upstream of BRCA2 (top left) and in intron 11 of BRCA2 (top right). A frameshift deletion (c.3331_3334delCAAG_p.Q1111fs*5) in exon 10 of BRCA1 was also detected (bottom).

[image: ][image: ]
[image: ]
CN, copy number estimate; CR, complete response; DOR, duration of response; PR, partial response.


Supplementary Table 1. Patient characteristics in responders treated with rucaparib excluded from the analysis, primarily due to censoring.a
	 
	Excluded patients (n = 13)

	Median age (range), years
	64 (44–74)

	Median weight (range), kg
	72.0 (51.5–117.5)

	Median BMI (range), kg/m2
	26.6 (19.2–43.0)

	ECOG PS, n (%) 
   0
   1	
	
5 (38.5)
8 (61.5)

	Cancer type, n (%) 
   Epithelial ovarian carcinoma 
   Primary peritoneal carcinoma 
   Fallopian tube carcinoma
	
10 (76.9)
2 (15.4)
1 (7.7)

	Median time since cancer diagnosis (range), mo.
	41.9 (19.1–82.1)

	Median number of prior chemo (range) 	
	3 (1–4)

	Median number of prior platinum-based treatment (range)
	2 (1–3)

	Response to last platinum-based treatment, n (%) 
   Sensitive 
   Resistant 
   Refractory 	
	
8 (61.5)
5 (38.5)
0

	BRCA mutation status, n (%) 
   Harbor deleterious BRCA mutation 
   No BRCA mutation (BRCA wild-type) 
      High LOH 
      Low LOH 
      LOH indeterminate 	
	
9 (69.2)
4 (30.8)
1 (7.7)
3 (23.1)
0

	Confirmed RECIST response to rucaparib in Study 10 or ARIEL2, n (%)
   CR
   PR
	

0 
13 (100.0)


aPatients with an ongoing response with a DOR <1 year were censored and excluded from the analysis due to an inability to classify these patients into 1 of the 3 subgroups. One additional patient with a response extending past rucaparib discontinuation into subsequent anticancer treatment was also excluded from analysis.
BMI, body mass index; BRCA, BRCA1 or BRCA2; ECOG PS, Eastern Cooperative Oncology Group performance status; LOH, loss of heterozygosity; RECIST, Response Evaluation Criteria In Solid Tumors, version 1.1.

Supplementary Table 2. Most common (≥30% in any group) and grade ≥3 TEAEs in long-, intermediate-, and short-term responders to rucaparib.
	
	Most common any-grade TEAEs
	Grade ≥3 TEAEs

	n (%)
	Long-term responders
(n = 38)
	Intermediate-term responders
(n = 39)
	Short-term responders
(n = 48)
	Long-term responders
(n = 38)
	Intermediate-term responders
(n = 39)
	Short-term responders
(n = 48)

	Nausea
	35 (92.1)
	33 (84.6)
	39 (81.3)
	3 (7.9)
	0
	1 (2.1)

	Asthenia/fatigue
	33 (86.8)
	30 (76.9)
	38 (79.2)
	9 (23.7)
	4 (10.3)
	5 (10.4)

	Anemia/decreased hemoglobin
	27 (71.1)
	27 (69.2)
	26 (54.2)
	16 (42.1)
	13 (33.3)
	18 (37.5)

	Vomiting
	25 (65.8)
	28 (71.8)
	26 (54.2)
	0
	2 (5.1)
	2 (4.2)

	Constipation
	23 (60.5)
	21 (53.8)
	20 (41.7)
	1 (2.6)
	0
	2 (4.2)

	Dysgeusia
	21 (55.3)
	15 (38.5)
	24 (50.0)
	0
	0
	0

	Abdominal pain
	19 (50.0)
	15 (38.5)
	14 (29.2)
	1 (2.6)
	2 (5.1)
	2 (4.2)

	Urinary tract infection 
	17 (44.7)
	8 (20.5)
	9 (18.8)
	3 (7.9)
	1 (2.6)
	2 (4.2)

	Decreased appetite
	16 (42.1)
	17 (43.6)
	18 (37.5)
	0
	1 (2.6)
	0

	Diarrhea
	16 (42.1)
	15 (38.5)
	23 (47.9)
	0
	2 (5.1)
	1 (2.1)

	Upper respiratory tract infection
	15 (39.5)
	8 (20.5)
	8 (16.7)
	0
	0
	0

	ALT/AST increased
	14 (36.8)
	19 (48.7)
	21 (43.8)
	4 (10.5)
	5 (12.8)
	8 (16.7)

	Cough
	14 (36.8)
	6 (15.4)
	9 (18.8)
	0
	0
	0

	Neutropenia/ANC decreased
	13 (34.2)
	7 (17.9)
	10 (20.8)
	6 (15.8)
	6 (15.4)
	4 (8.3)

	Blood creatinine increased
	13 (34.2)
	11 (28.2)
	10 (20.8)
	0
	0
	0

	Dyspnea
	13 (34.2)
	10 (25.6)
	16 (33.3)
	1 (2.6)
	0
	1 (2.1)

	Photosensitivity reaction
	13 (34.2)
	4 (10.3)
	11 (22.9)
	0
	0
	0

	Thrombocytopenia/decreased platelet
	13 (34.2)
	13 (33.3)
	16 (33.3)
	1 (2.6)
	1 (2.6)
	2 (4.2)

	Weight decreased
	13 (34.2)
	11 (28.2)
	6 (12.5)
	4 (10.5)
	1 (2.6)
	0

	Dizziness
	12 (31.6)
	11 (28.2)
	9 (18.8)
	0
	0
	1 (2.1)

	Headache
	12 (31.6)
	15 (38.5)
	24 (50.0)
	0
	0
	0

	Pyrexia
	8 (21.1)
	13 (33.3)
	8 (16.7)
	0
	0
	0


TEAEs are ordered in decreasing frequency of any grade events among long-term responders.
ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; TEAE, treatment-emergent adverse event.
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