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Background: Niraparib, a poly ADP-ribose polymerase inhibitors (PARPi), has been widely applied in the intervention of epithelial ovarian, fallopian tube, or primary peritoneal cancer. Nevertheless, as of the present moment, there are limited instances demonstrating favorable outcomes stemming from niraparib therapy in patients with clear cell renal cell carcinoma (ccRCC).Case presentation: Here, we report a case of a 50-year-old patient with ccRCC who subsequently developed distant metastasis. The patient received monotherapy with pazopanib and combination therapy with axitinib and tislelizumab, demonstrating limited efficacy. Liquid biopsy revealed missense mutations in the CDK12 and RAD51C of the homologous recombination repair (HRR) pathway, suggesting potential sensitivity to PARPi. Following niraparib treatment, the patient’s condition improved, with no significant side effects.Conclusion: In summary, patients with ccRCC harboring HRR pathway gene mutation may potentially benefit from niraparib. This will present more options for ccRCC patients with limited response to conventional treatments.Keywords: ccRCC, PARPi, CDK12, RAD51C, niraparib
INTRODUCTION
Renal cell carcinoma (RCC) constitutes 90%–95% of kidney cancers in adults (Siegel et al., 2018), encompassing clear cell RCC (ccRCC), papillary RCC (pRCC), chromophobe RCC (chRCC), and other rare subtypes (Hsieh et al., 2017). Among these, ccRCC is the most common subtype, accounting for about 75% of cases (Li et al., 2019). It originates from renal tubule epithelial cells and is primarily managed through surgical intervention. However, even after successful surgery, approximately 30% of patients may experience postoperative metastasis (Hsieh et al., 2017). The standard of care for metastatic ccRCC comprise anti-angiogenic agents, mammalian target of rapamycin (mTOR) inhibitors, et al. (Yang et al., 2023). While a significant number of individuals derive relief from standard treatment, there are cases where some individuals fail to derive apparent benefits or eventually develop resistance to the standard interventions (Posadas et al., 2013).
The U.S. Food and Drug Administration (FDA) has approved four poly ADP-ribose polymerase inhibitors (PARPi): olaparib, niraparib, talazoparib, and rucaparib (Lai et al., 2022). In alignment with other PARPi, niraparib is an innovative cancer treatment based on the synthetic lethality effect (Lai et al., 2022). Niraparib has been widely applied in the intervention of epithelial ovarian, fallopian tube, or primary peritoneal cancer. Recent literature suggests that the applicability of PARPi, including niraparib, may extend to a broader range (Eiriz et al., 2023). Niraparib elevated the objective response rate (ORR) among ovarian cancer patients with HRD-positive tumors, regardless of the presence of BRCA mutations (Eiriz et al., 2023). On 11 August 2023, the FDA approved the combined use of niraparib and abiraterone acetate for the treatment of castration-resistant prostate cancer (mCRPC) in adult patients with deleterious or suspected deleterious BRCA mutations. Simultaneously, for other PARPi, on 30 June 2023, the FDA expanded approval for talazoparib to include the care of prostate cancer with mutations in multiple HRR pathway genes, such as BRCA1, BRCA2, PALB2, ATM, ATR, CHEK2, FANCA, RAD51C, NBN, MLH1, MRE11A, and CDK12 (Akbıyık and Ürün, 2023).
Olaparib, an earlier-generation PARPi compared to niraparib, is presently under assessment as a monotherapy in a Phase II clinical trial for patients with DDR-altered RCC, with an anticipated completion date in 2025 (NCT03786796). Currently, there is insufficient clinical evidence to support the efficacy of PARPi for ccRCC patients with HRD. Here, we report for the first time a case of a ccRCC patient with RAD51C and CDK12 mutations benefiting from niraparib treatment.
CASE DESCRIPTION
In this case study, we outline the treatment course of a 50-year-old patient diagnosed with ccRCC and a history of diabetes mellitus, as depicted in Figure 1. In 2008, the patient was diagnosed with stage II ccRCC in the right kidney and subsequently underwent a nephrectomy. After the initial surgery, the patient abstained from further medical interventions until the identification of lung metastases in 2017. Subsequent surgery addressed recurrent lung metastatic lesions, without other interventions. Postoperative immunohistochemistry revealed expression of CD10, PAX-8, and Vimentin, aligning with the patient’s medical history, indicating metastatic ccRCC.
[image: Figure 1]FIGURE 1 | Overview of Treatment Interventions in a 50-Year-Old Patient Diagnosed with ccRCC.
In September 2019, lung and brain metastases were identified, prompting adherence to the treatment guidelines outlined by the National Comprehensive Cancer Network (NCCN) (Jonasch, 2019). The patient initiated first-line pazopanib therapy at an initial oral dose of 800 mg daily. However, after 1 month, the patient presented elevated blood pressure and dizziness, resulting in a reduction of the pazopanib dosage to a reduced oral intake of 600 mg per day. A year later, the patient presented with increased somnolence, confusion, persistent headaches, and the CT image revealed larger lesions in the lung and brain. Brain edema and two nodular shadows in the right frontal lobe were also identified through imaging. Following NCCN guidelines, the patient initiated to a treatment consisting of axitnib (5 mg/day) combined with tislelizumab (200 mg/day). During the treatment, the patient developed persistent right shoulder pain.
In February 2021, the patient presented with severe headaches, profound somnolence, substantial weight loss, and impaired consciousness. While radiotherapy provided partial relief from symptoms, by July 2021, there occurred worsening lung and brain metastases, as well as concurrent pancreatic metastasis. Comprehensive genomic profiling (Onco PanScan™) was conducted, revealing two import gene mutations: the missense mutation in CDK12 and RAD51C. Considering the limited effectiveness with conventional treatments for the patient and the identification of the gene mutations in the HRR pathway, we recommend PARPi therapy. After discussing with her family, the patient provided informed consent to participate in an individualized treatment with niraparib at a daily dosage of 200 mg. One week later, a blood test revealed thrombocytopenia, so the dosage was reduced to 100 mg per day.
After taking 100 mg niraparib per day, the patient exhibited a substantial alleviation of headaches without observable adverse effects. The lesions remained stable, and her overall health improved, including notable weight gain. Over the ensuing 2 years, routine check-ups conducted every 3 months revealed no signs of metastasis and normal blood test findings. In March 2023, liver imaging indicated the presence of metastasis, prompting liver radiofrequency ablation. Subsequent Onco PanScan™ testing in March failed to detect RAD51C and CDK12 mutations, suggesting the potential development of drug resistance. However, niraparib treatment was not discontinued (Figure 1). In August of the same year, she experienced head and neck pain due to atlantoaxial vertebral metastasis. She underwent percutaneous vertebroplasty, which caused occlusion of pulmonary vasculature, leading to a deterioration in her condition with an ECOG score of 4. She passed away in October.
DISCUSSION
The current standard treatment for metastatic ccRCC encompass anti-angiogenic agents, mTOR inhibitors, and immunotherapeutic drugs (Yang et al., 2023). After the occurrence of distant metastasis for the patient, we initially employed pazopanib and a combination of axitinib and tislelizumab for treatment. Unfortunately, the efficacy of these approaches proved to be limited, accompanied by significant side effects. Consequently, we found it necessary to explore novel treatment strategies.
In contemporary contexts, PARPi have brought about a substantial transformation in the therapeutic landscape concerning platinum-sensitive ovarian and breast cancers (Marchetti et al., 2012; Robson et al., 2017). As early as 2014, the FDA approved the utilization of PARPi for treating breast cancer in individuals with BRCA1/2 germline mutations (Kim et al., 2015). Historically, the effectiveness of PARPi in urological cancers was believed to be constrained due to the infrequent occurrence of BRCA germline mutation (Pletcher et al., 2021). Hence, there is a scarcity of research on the utilization of PARPi for ccRCC. Despite this, existing studies suggest PARPi potential effectiveness for ccRCC, especially in cases where HRD are present, as demonstrated by experiments conducted on cell lines (Pletcher et al., 2021). At the same time, recent studies propose that the effectiveness of PARPi is not solely dependent on BRCA deficiency but may also be affected by mutations in other genes within HRR pathway (Boussios et al., 2020). In a clinical trial of prostate cancer focusing on alterations in the HRR genes, including BRCA1, BRCA2, PALB2, ATM, ATR, CHEK2, FANCA, RAD51C, NBN, MLH1, MRE11A, and CDK12, the group treated with talazoparib showed a significant improvement in progression-free survival compared to the placebo group (Fizazi et al., 2023). Soon afterwards, the FDA granted further approval for the application of talazoparib in the treatment of prostate cancer patients exhibiting mutations in HRR pathway genes, encompassing CDK12 and RAD51C (Akbıyık and Ürün, 2023). Our analysis identified ccRCC patients with co-mutations in the CDK12 and RAD51C genes (Figure 2A), supported by multiple reads for these mutations (Figure 2B, C). Harmfulness analysis of these mutations was conducted, and various algorithm confirmed that there are deleterious variations (Figure 2D). We propose that mutations in CDK12 and RAD51C may impair the functionality of the HRR pathway, causing HRD in the patient and rendering them sensitive to PARPi. After niraparib administration, multiple lesions stabilized and the status of her remains favorable (Figure 1).
[image: Figure 2]FIGURE 2 | Mutational Characteristics (A–C) and Predicted Pathogenicity (D) of HRR Genes in the Patient. (A) Mutation sites and mutation types of CDK12 and RAD51C. Mutation reads for RAD51C (B) and CDK12 (C) in the tumor sample and the wild-type reads from the paired normal sample. (D) Prediction of functional effects of RAD51C and CDK12 mutation sites by three algorithms.
CDK12 selectively regulates the expression of DDR pathway genes by regulating transcription elongation, consequently causing HRD. Earlier research believed the heightened susceptibility of DDR genes to CDK12 loss, potentially attributable to their extended sequences and decreased ratios of U1 snRNP binding to intronic polyadenylation sites (Krajewska et al., 2019). Regarding RAD51C, as established previously, RAD51C deficiency leads to impaired RAD51-focus formation, and cell lines with diminished RAD51C expression demonstrate increased susceptibility to PARPi (Min et al., 2013). Hence, we speculate that the manifestation of HRD in patients with dual mutations in CDK12 and RAD51C is attributed to alterations in both transcription elongation and RAD51-focus formation. We identified 6 patients of co-mutations in the CDK12 and RAD51C genes across various cancer types among 67,083 cancer patients in the cBioPortal database (Table 1). We anticipate that future clinical trials of this co-mutations will be conducted to benefit a broader patient population. Our study contributes by presenting a ccRCC patient with HRD benefiting from the use of PARPi, adding to the growing body of evidence supporting the versatility of PARPi across various cancer types.
TABLE 1 | Patient information with deleterious co-mutations in CDK12 and RAD51C.
[image: Table 1]To date, there are also reported instances of employing PARPi in the management of renal cancer patients exhibiting defects in the HRR pathway. A particularly noteworthy instance is illustrated in the case study conducted by Olson et al. (Olson et al., 2016), where a patient diagnosed with pRCC and possessing an ATM mutation exhibited positive responses to PARPi. Additionally, Lian et al. reported the first case of a ccRCC patient benefiting from PARPi with a BAP1 frame shift mutation (Lian et al., 2022). Similar to the case reported in this article, the patient with a BAP1 frame shift mutation also developed lung and brain metastases. After starting niraparib treatment, the patient showed a partial response in the lungs within 2 months. The intracranial lesion also shrank due to radiotherapy, and the headache was completely relieved. This patient developed new lesions in the lungs and brain 5 months after treatment. In contrast, the patient reported in this article, who had dual CDK12 and RAD51C co-mutations, did not develop new metastases during approximately 15 months of treatment. Furthermore, the case of co-mutations in the HRR pathway genes ATR and BRCA2 has been reported in patients with ccRCC. However, the patient with HRD has not received PARPi therapy (Yang et al., 2021). This study presents, for the first time, the therapeutic effects of PARPi in ccRCC with mutations in genes associated with the mutation of RAD51C and CDK12. Particularly noteworthy are cases harboring mutations in RAD51C and CDK12 genes, where the effectiveness of PARPi treatment has already gained FDA approval in prostate cancer.
In summary, for ccRCC patients with gene mutation in the HRR pathway, particularly in CDK12 and RAD51C, PARPi demonstrate favorable therapeutic efficacy. In China, a notable number of ccRCC patients exhibit gene mutations in the HRR pathway (Chen et al., 2022), offering novel insights into drug treatment possibilities for individuals with ccRCC.
CONCLUSION
In summary, patients with ccRCC harboring HRR pathway gene mutation may potentially benefit from niraparib. This will present more options for ccRCC patients with limited response to conventional treatments.
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