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Abstract: Ovarian clear cell carcinoma (OCCC) is a highly aggressive malignancy with a poor prognosis, and most patients
experience recurrence after primary treatment. Currently, there is no standard treatment option for recurrent OCCC. Herein, we report
the case of a 32-year-old female patient with OCCC. The patient received primary cytoreductive surgery with adjuvant chemotherapy
and remained disease-free for four months. She then experienced retroperitoneal lymph node recurrence and was treated with
liposomal doxorubicin chemotherapy followed by secondary debulking surgery. The patient experienced a second relapse in the
lower left lung 11 months later. Genomic profiling of tumor samples revealed a deleterious AT-rich interactive domain 1A (ARID1A)
mutation and homologous recombination deficiency. Thus, the triplet combination of the poly (ADP-ribose) polymerase (PARP)
inhibitor, olaparib; the PD-1 inhibitor, pembrolizumab; and the antiangiogenic agent, bevacizumab was administered. The patient
achieved partial response, which was sustained for 12 months. Our study provides the first clinical evidence that the combination of
olaparib with pembrolizumab and bevacizumab could be an effective treatment for patients with platinum-resistant, recurrent OCCC.
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Introduction
Ovarian clear cell carcinoma (OCCC) is a highly aggressive subtype of epithelial ovarian cancer.1 The prevalence of
OCCC varies widely according to the geographic region as it accounts for approximately 5% of epithelial ovarian cancers
in Western countries compared with 11.1% of these cancers in Asia.2 In Japan, OCCC is the second most common
histological subtype of epithelial ovarian cancer, with an incidence rate of 25%. Additionally, endometriosis is regarded
as a major risk factor of OCCC.3,4 Currently, complete cytoreductive surgery with adjuvant chemotherapy is the standard
primary treatment. However, OCCC is often chemoresistant and associated with poor prognosis, exhibiting a 5-year
survival rate of 23.6% for stage III and 18.2% for stage IV OCCC.5 Thus, new therapies for OCCC are crucial.

Studies have revealed several genomic alterations in patients with OCCC. Particularly, deleterious AT-rich interactive
domain 1A (ARID1A) mutations and oncogenic phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit α
(PIK3CA) mutations are frequently detected in OCCC. Thus, these specific molecular changes hold potential as
therapeutic targets. Preclinical studies showed that ARID1A deficiency impaired DNA damage checkpoint, increased
tumor-infiltrating lymphocytes, elevated PD-L1 expression and, therefore, sensitized tumor cells to poly (ADP-ribose)
polymerase (PARP) inhibitors and immune checkpoint inhibitors (ICIs).6,7 Moreover, strong VEGF expression was found
in OCCC, and the antiangiogenic agent, bevacizumab demonstrated significant antitumor effects in the OCCC model.8
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Clinically, several clinical trials have demonstrated that combination therapy of PARP inhibitors with ICIs and
antiangiogenic agents displayed synergistic antitumor activity in recurrent ovarian cancer.9,10 However, due to the rarity
of OCCC, consensus regarding recommendations for individualized treatment for this cancer has not yet been achieved.
Herein, we report a case of platinum-resistant, recurrent OCCC in a patient with an ARID1A mutation. Treatment with the
triplet combination of the PARP inhibitor, olaparib; the PD-1 monoclonal antibody, pembrolizumab; and bevacizumab
was successful.

Case Presentation
On December 9, 2020, a 32-year-old female patient was admitted to our hospital presenting with a soft mass in the lower
left lung. The treatment timeline is shown in Figure 1. The patient had received primary cytoreductive surgery and was
diagnosed with FIGO stage IIB OCCC at another hospital on September 28, 2018. She denied any family history of
cancer. The patient then received six cycles of adjuvant paclitaxel plus carboplatin chemotherapy. Four months after the
first-line chemotherapy, a follow-up computed tomography (CT) scan showed recurrence in the retroperitoneal lymph
nodes. The patient was then treated with four cycles of pegylated liposomal doxorubicin and achieved partial remission.
She then underwent secondary cytoreductive surgery of the retroperitoneal lymph nodes. The postoperative pathology
was consistent with the initial tumor. Immunohistochemistry staining demonstrated positive PAX8, CK7, NapsinA, and
HNF1β; Ki67 (Li: 15%); P53 (wild-type) and negative WT1. Tumor tissues and blood samples were sent for next-
generation sequencing using a 508-gene panel (Beijing Genomics institution, China). The results revealed a somatic
ARID1A exon 20 nonsense mutation (c.5161C>T, p.R1721*15.25%), HER2 copy number amplification, and homologous
recombination deficiency (HRD). Furthermore, next-generation sequencing results showed microsatellite stability, a low
tumor mutation burden (2.56 Muts/Mb), and a heterozygous germline CHEK2 mutation (Table 1).

From October 2019 to January 2020, the patient was treated with four additional cycles of liposomal doxorubicin
chemotherapy after secondary surgery. She then remained disease-free for 11 months. On December 4, 2020, a follow-up
CT scan showed a soft, 5.3×4.4 cm mass in the lower lobe of the left lung (Figure 2A). Furthermore, the serum cancer
antigen 125 (CA125) value was 625.8 U/mL, which was significantly higher than the reference value of 35 U/mL. After
discussion, the patient refused chemotherapy. Because the molecular pathology revealed HRD and a deleterious ARID1A
mutation, olaparib was considered a treatment option; however, single-agent PARP inhibitors have shown only modest
effects in patients with platinum-resistant ovarian cancer (PROC).11,12 Furthermore, accumulating evidence has shown
that a combination of PARP inhibitors with ICIs and antiangiogenic agents displays synergistic antitumor effects.13–15

Therefore, the triplet combination of olaparib with pembrolizumab and bevacizumab was administered on December 11,
2020. The patient received 200 mg of intravenous pembrolizumab with 7.5 mg/kg intravenous bevacizumab every three
weeks and 300 mg of oral olaparib twice daily. On January 4, 2021, the serum CA125 value was found to have decreased
to 143.7 U/mL after one cycle of treatment. After four cycles, CT imaging showed that the size of the tumor had reduced
to 3.0×2.5 cm (Figure 2B), and the serum CA125 level returned to be within the normal range. As a result, the patient
achieved partial remission according to RECIST v1.1 criteria. After eight treatment cycles, the tumor size reduced further
to 1.4×1.2 cm (Figure 2C). Later, a follow-up CT scan showed sustained partial remission 12 months after treatment
(Figure 2D). At the time of publishing this report, the patient is still in the partial remission stage and continuing
combination therapy. During treatment, the patient experienced common adverse events, including mild nausea and

Figure 1 Treatment timeline.
Abbreviations: CR, complete response; PR, partial response; *Means chemotherapy cycles.
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vomiting, which resolved with supportive treatment, and grade 1 hypothyroidism. Thus, 150 µg of oral levothyroxine
was administered daily, and the indices of thyroid function tests were restored. The patient maintained a good quality of
life during treatment.

Discussion
OCCC is an aggressive ovarian cancer characterized by insensitivity to chemotherapy, with a response rate of 25% to
first-line chemotherapy and <10% to second-line chemotherapy.16–18 This patient experienced a relapse four months after
first-line chemotherapy and was classified as having PROC. The treatment options for patients with PROC are currently
limited. The patient underwent liposomal doxorubicin chemotherapy, followed by secondary cytoreductive surgery, and
remained disease-free for 11 months until she suffered a second relapse.

Table 1 Next-Generation Sequencing Results

Characteristics Somatic Gene Germline Gene

ARID1A MAPK8IP1 HER2 PAX8 CHEK2

Genovariation c.5161C>T c.1117G>T Copy number amplification Copy number amplification c.1116_1117insC

Amino acid variation p.R1721* p.A373S / / p.K373Qfs*22

Gene region EX20 EX5 / / EX11

Frequency 15.25% 5.75% / / /

Transcript NM_006015.4 NM_005456.3 / / NM007194.3

Note: *Means termination codon.

Figure 2 Radiological imaging of the patient before and after the combination treatment of olaparib, pembrolizumab, and bevacizumab. (A) Computed tomography (CT)
performed on December 4, 2020, showing recurrence before treatment (baseline). (B and C) CT performed on March 17, 2021 (B) and May 31, 2021, (C) showing the
reduced tumor size after four and eight cycles of combination therapy, respectively. (D) CT performed on December 2, 2021, identified little residue of the tumor. The red
circle indicates the tumor.
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OCCC has unique biological profiles distinct from other histological subtypes of epithelial ovarian cancer. Multiple
driver mutations have been discovered in OCCC. The most frequent genomic alterations in OCCC are ARID1A
deleterious mutations in approximately 50% of cases.19,20 ARID1A is a tumor suppressor that plays an important role
in both non-homologous end-joining and homologous recombination repair of DNA double-strand breaks. Thus,
synthetic lethal strategies were widely investigated in ARID1A-mutant tumors.21 Preclinical research has demonstrated
that ARID1A deficient tumors are sensitive to PARP inhibitors.6 In this case, genomic sequencing revealed a deleterious
ARID1A mutation and HRD, which indicates that PARP inhibitors could be a promising therapeutic option. However,
PARP inhibitor monotherapy has exhibited only a modest effect in PROC.11,12 Therefore, PARP inhibitor-based
combination treatment was suggested.

Recently, ICIs have been gaining attention for the treatment of OCCC. Okamura et al reported that ARID1A
alterations predicted longer PFS after ICI treatment, independently of microsatellite instability or tumor mutation
burden.22 A Phase I study of patients with recurrent ovarian cancer who received the PD-L1 inhibitor, avelumab showed
that this treatment resulted in partial remission in two patients with OCCC.23 Another Phase II trial evaluated the PD-1
inhibitor, nivolumab, in patients with PROC. The results showed that two patients (10%) achieved complete remission,
one of whom had OCCC.24,25 In the KEYNOTE-100 study, pembrolizumab monotherapy demonstrated an increased
response rate of 15.8% for recurrent OCCC.26 Moreover, in a recent Phase III study of nivolumab compared with
chemotherapy for patients with PROC (NINJA), nivolumab induced a response rate of 7.6%. Subgroup analysis
demonstrated a numerically longer overall survival with nivolumab compared with chemotherapy among patients with
OCCC.27,28 Taken together, these findings suggest that ICI monotherapy can induce responses in only a small subset of
patients with OCCC. Several studies have proposed that PARP inhibitors can induce immunogenic tumor cell death,
increase tumor neoantigens, upregulate PD-L1 expression, and, therefore, enhance the response to ICIs.29–31 Thus, the
combination therapy of ICIs and PARP inhibitors is being explored. In a phase I study of the PD-L1 inhibitor,
durvalumab combined with olaparib for recurrent ovarian cancer, one patient with OCCC was recruited who achieved
partial remission.32

Angiogenesis plays a crucial role in tumor growth. High levels of VEGF expression have been detected in patients
with early and advanced stage OCCC and are associated with poor prognosis. In models of parental and cisplatin-
refractory clear cell carcinoma cell-derived tumors, bevacizumab, a humanized monoclonal antibody against VEGF,
markedly inhibited tumor growth.8 Furthermore, Lampert et al reported that the VEGF/VEGFR pathway might counter-
act the immunostimulatory effects of PARP inhibitors and act as a therapeutic target to further improve the efficacy of
PARP and PD-1 inhibitors.14 A clinical trial of the antiangiogenic agent, anlotinib combined with the PARP inhibitor,
niraparib for platinum-resistant OCCC is ongoing (NCT05130515, not yet recruiting). Moreover, in the MEDIOLA
phase II study, the triplet combination of olaparib plus durvalumab and bevacizumab achieved a significantly higher
progression-free survival and objective response rate than the doublet combination of olaparib plus durvalumab for
platinum-sensitive relapsed ovarian cancer.9

Based on the studies mentioned above, the triplet combination of olaparib, pembrolizumab, and bevacizumab was
administered. The patient achieved partial remission after four treatment cycles and continued to demonstrate a
remarkable and sustained remission after 12 months. This combination treatment was well-tolerated with few mild
adverse events that did not cause drug discontinuation or dose reduction. Recently, in the OPAL phase II study of
niraparib in combination with the PD-1 inhibitor, dostarlimab, and bevacizumab for PROC, the response rate was
17.9%.10 However, no patients with OCCC were enrolled in this study. The current study findings may indicate that this
triplet combination is effective for platinum-resistant, recurrent OCCC.

Conclusion
This case study provides the first clinical evidence that the combination of olaparib, pembrolizumab, and bevacizumab
could be an effective therapy in platinum-resistant, recurrent OCCC, especially in patients with ARID1A mutations.
Prospective clinical trials are warranted to further investigate the efficacy of this triple combination strategy in OCCC.
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Abbreviations
ARID1A, AT-rich interactive domain 1A; CA125, cancer antigen 125; CT, computed tomography; HRD, homologous
recombination deficiency; ICIs, immune checkpoint inhibitors; OCCC, ovarian clear cell carcinoma; PARP, poly (ADP-
ribose) polymerase; PIK3CA, phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit α; PROC, platinum-
resistant ovarian cancer.
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