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Background: The mortality rate of ovarian cancer (OC) ranks first among female genital tract malignant tumors, which seriously
threatens women’s life and health. Because of its insidious onset and poor prognosis, it has become a thorny problem in the clinic,
especially for patients with platinum-resistant recurrent ovarian cancer (PROC). In recent years, the medical treatment of OC has made
gratifying results, bringing hope to the patients.

Case Description: A 54-year-old OC patient who has failed previous neoadjuvant chemotherapy, cytoreductive surgery, and
postoperative chemotherapy was diagnosed with PROC. Then she received combination treatment of fuzuloparib (100mg PO BID),
apatinib (250mg PO QD), and camrelizumab (200mg IV Q3W) for every 3-week cycle in a Phase II study for PROC patients. In the
phase II study, her condition stabilized, responded well to treatment with a sharp decrease by 91.14% of target lesions and
disappearances of non-target lesions, and continued to receive regular treatment with progression-free survival exceeding 15 months
and no serious adverse events.

Conclusion: The present case proves PROC patients might have a sustained response to triplet combination with camrelizumab,
combined with fuzuloparib and apatinib.

Keywords: recurrent ovarian cancer, platinum resistance, PARP inhibitors, immunotherapy, antiangiogenic agents

Introduction

The mortality rate of ovarian cancer (OC) is first among female genital tract malignant tumors.'* Because of its insidious
onset and no specific clinical symptoms and signs, more than 70% of OC patients are diagnosed at an advanced stage and
have a poor overall prognosis.® Even if there is an opportunity to receive satisfactory cytoreductive surgery and adequate
first-line chemotherapy at the initial treatment, 80% of patients with epithelial ovarian cancer will relapse at different
time points, with a 5-year survival rate of 40%.>*

Based on the time from the end of the last platinum-based chemotherapy to disease progression, which is called
platinum-free interval (PFI), patients with recurrent OC are divided into two categories. Those with PFI > 6 months are
considered platinum-sensitive recurrence, and others with PFI <6 months are considered platinum resistance relapse. And
almost all patients with platinum-sensitive relapse ultimately develop platinum resistance. The 2021 NCCN guidelines
recommend that non-platinum single-agent chemotherapy or combined with targeted anti-angiogenesis drugs is the first
choice for platinum-resistant relapsed patients.

Apatinib is an oral and highly potent tyrosine-kinase inhibitor targeting vascular endothelial growth factor receptor 2
(VEGFR-2).” Efficacy and safety of apatinib in patients with platinum-resistant recurrent epithelial ovarian cancer

(PROC) were shown in phase II clinical trials.® Besides, apatinib combined with oral etoposide was proved to be
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effective and safe among patients with platinum-resistant or platinum-refractory OC in Phase II, single-arm, prospective
study.” Fuzuloparib is the first original PARP inhibitor to be developed in China. It has received its first approval in China
for the treatment of platinum-sensitive recurrent ovarian cancer in patients with germline BRCA mutation (gBRCAm)
who have undergone second-line or above chemotherapy.®

The focus of tumor treatment is to prolong overall survival and the patient’s quality of life as much as possible. The
treatment of PROC is still a difficult problem in clinical practice and lacks effective therapeutic measures. In recent years,
remarkable achievements have been made in the medical treatment of ovarian cancer, especially the new progress in
PARP inhibitors, immunotherapy, and anti-angiogenic drugs.’ Herein, we firstly present a Chinese patient with germline
BRCA1 mutated PROC who responded well to fuzuloparib in combination with camrelizumab and apatinib with
a review of the literature.

Case Presentation

On October 16th, 2018, a 54-year-old married female patient, who was postmenopausal for 7 years and had 2 children,
initially visited our hospital due to a pelvic mass accidentally found for 2 weeks. She underwent a resection of the left
temporal skin basal cell carcinoma in September 2018, and her father died of brain metastases from lung cancer. Except for
those, no other notable medical histories were present. Results of physical examinations were generally normal.
Transvaginal ultrasound in our hospital showed a heterogeneous hypoechoic mass with a size of 11.9x9.3 x 9.0 ¢cm in
the pelvic cavity, and an ultrasound-guided needle biopsy of the mass was performed. The carbohydrate antigen 125
(CA125) is 517.3 U/mL. The patient was primarily diagnosed with ovarian cancer based on a pathological report of
intrapelvic adenocarcinoma and results of immunohistochemistry. The results showed that ER(+), PMS2(+80%), MLH1
(+80%), MSH2(+90%), MSH6(+90%), PR(-), P16(+), WT-1(+), p53(+90%), Ki-67(+80%), HER-1(EGFR)(+), HER-2(1+),
CDX-2(small focal+), Villin(-).

On admission, gynecological examination suggested that the pelvic range of motion was poor and closely related to
the rectum, and the risk of rectal injury was greater, and there was ascites, it was difficult to achieve RO in surgery. After
adequate evaluation and discussion, the patient was given two-course neoadjuvant chemotherapy with paclitaxel and
cisplatin (TP). The neoadjuvant treatment time was October 30, 2018, and November 29, 2018 respectively. On
January 4, 2019, the patient underwent open abdominal cytoreductive surgery for ovarian cancer. Then she was
diagnosed with stage IIIC moderately differentiated ovarian endometrioid adenocarcinoma based on postoperative
pathology. The patient received satisfactory cytoreductive surgery and achieved RO. From January 13, 2019, to
June 20, 2019, the patient was given six-course TP chemotherapy after surgery. Due to tumor recurrence suggested by
imaging, bevacizumab, a monoclonal antibody targeting vascular endothelial growth factor, was combined since the 4th
course of TP chemotherapy. At the end of treatment in June 2019, the ultrasound showed a hypoechoic nodule with a size
of about 1.4 x 2.1 x 1.6 cm above the vagina. Follow-up regular reexaminations detected a slow growth of the vaginal
hypoechoic nodule to 3.2 x 2.6 x 3.3 cm and new multiple small nodules in the pelvic cavity. In combination with biopsy
pathology, it was considered to be tumor recurrence with metastasis, and the disease progressed. The patient was
diagnosed with PROC and unable to be treated promptly due to coronavirus outbreak, no maintenance treatment and
pelvic lesions persisted and progressed.

On August 9, 2020, the patient was enrolled in a phase II study for PROC patients (ChiCTR1900027114) and treated
with combination treatment of fuzuloparib (100mg PO BID), apatinib (250mg PO QD), and camrelizumab (200mg IV
Q3W) for every 3-week cycle. From August 9, 2020, to November 23, 2021, twenty-one cycles of therapy have been
administered. CT scans revealed a partial response. At baseline, the diameter of target lesions at the vaginal stump and in
front of rectum was 44 mm (Figure 1), and multiple lymph nodes below 8 mm in the internal iliac vessel region were
observed for non-target lesions (Figure 2). After the 4th cycle of treatment, non-target lesions disappeared and did not
recur (Figure 3). At the end of the 11th cycle, the diameter of target lesions reduced to 3.9 mm without significant change
thereafter (Figure 4). Target lesions sharply decrease by 91.14%. No new lesions were found.

The incidence of grade 3 and above adverse reactions was 0. After the 4th cycle of treatment (November 5, 2020), grade
2 hypothyroidism gradually occurred. The main symptoms included serum-free T4 level gradually decreased to a minimum
of 4.63 pmol/L, and serum thyroid-stimulating hormone level gradually increased to a maximum of 108.15 mU/L,
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Figure | Target lesions at baseline. Target lesions at the vaginal stump and in front of rectum was 44 mm in longest diameter at baseline (red arrow).

Figure 2 Non-target lesions at baseline. Multiple lymph nodes below 8 mm in the internal iliac vessel region were observed for non-target lesions at baseline (red arrow).

Figure 3 Non-target lesions at the end of the 4th cycle. Non-target lesions disappeared at the end of the 4th cycle of treatment and did not recur (red arrow).

accompanied by fatigue, weight gain, ECG ST-T changes, and other symptoms. The patient was given regular oral
administration of levothyroxine sodium tablets (75ug QD) till now. Related symptoms were gradually relieved with good
control. Reexamination of thyroid function was within the normal range. Another adverse reaction was a grade I red blood
cell count decreased, which was fluctuating between 3.38 x 10'%/L and 3.8 x 10'%/L. The patient had no subjective
symptoms and did not require clinical intervention. The hemoglobin, white blood cell count, and neutrophil count were
within the normal range. The above adverse reactions were considered related to anti-PD-1 antibody and PARP inhibitor
drugs, rather than the new adverse reactions due to the triplet combination therapy.
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Figure 4 Target lesions at the end of the | Ith cycle. Target lesions at the vaginal stump and in front of rectum reduced to 3.9 mm in longest diameter at the end of the | Ith
cycle (red arrow), which sharply decreased by 91.14%.

At baseline, the patient’s CA125 level was 33.35 U/mL. After the 2nd cycle of treatment, CA125 level decreased to 4.78 U/
mL, and was within the normal range on subsequent visits. Moreover, the patient underwent genetic testing and additional
immunohistochemical tests during treatment of triplet combination. Genetic testing revealed BRCA1 (+), which was
performed on September 22, 2021. Immunohistochemistry indicated PD-L1 (SP263), TC < 1%, CPS: 2, MLH1 (+>90%),
MSH2 (+>90%), MSH6 (+>90%), and PMS2 (+>90%), which was performed on October 10, 2021.

The patient is still receiving triplet combination treatment with stable vital signs, significantly improved mental status,
good appetite, and weight increased by 3 kg than before. Quality of life has been greatly improved, including
significantly improved physical condition and mental and psychological status compared with those before participating
in the clinical trial. The patient is self-sufficient in daily living with the eastern cooperative oncology group performance
status (ECOG PS) of 2.

Discussion

Remarkable progress has been made in the treatment of ovarian cancer in recent years. However, most patients with
advanced disease will develop tumor resistance to chemotherapy, particularly platinum resistance that ultimately results
in fatality.'® Exploring an effective and well-tolerated treatment strategy for patients with platinum-resistant ovarian
cancer (PROC) remains a challenge. Immune checkpoint inhibitors (ICI) have turned into a potent oncologic treatment
for patients with different solid tumors. Unfortunately, the efficacy of ICI monotherapy in ovarian cancer is limited.'"'?
To increase the proportion of patients who are likely to derive benefit, combination therapy was considered as a new
opportunity for immunotherapy in ovarian cancer.

Herein, we describe a case of platinum-resistant recurrent ovarian cancer that showed a favorable response to
camrelizumab, an anti-PD-1 antibody, combined with poly ADP-ribose polymerase inhibitor (PARPi) fuzuloparib and
apatinib, an inhibitor of vascular endothelial growth factor receptor 2 (VEGFR-2). To the best of our knowledge, this is
the first report that illustrates the efficacy and safety of the triplet combination in a Chinese patient with germline BRCA1
mutated PROC.

Poly ADP-ribose polymerase inhibitors targeting DNA repair (DDR) have greatly affected the ovarian cancer
treatment, especially for patients with homologous recombination repair deficiency (HRD). Several PARP inhibitors
have been developed and used in the clinical practice and clinical trials for ovarian cancer, such as olaparib, niraparib,
fuzuloparib and pamiparib. In the CLIO trial (NCT02822157)," olaparib monotherapy showed a favorable response rate
(18%) compared with non-platinum chemotherapy (6%), regardless of the gBRCA status in PROC patients. However, the
progression-free survival (PFS) was only 2.9 months for olaparib, compared with 3.4 months for chemotherapy, high-
lighting the need to develop alternative strategies.

Programmed death molecule-1 (PD-) is a protein receptor expressed on the surface of T cells and is involved in the
process of cell apoptosis. The humanized anti-PD1 monoclonal antibody can specifically bind to PD-1 and block the PD-
1/PD-L1 signaling pathway to enhance T cell killing activity. A phase II study (KEYNOTE-100) of pembrolizumab in
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patients with advanced ROC showed that the ORR rate was higher in the high PD-L1 expression group.'' Treatment-
related adverse reactions occurred in 73% of patients. Grade 3—5 adverse reactions occurred in 17% of subjects. Due to
the low response rate, only a limited number of ovarian cancer patients will benefit from anti-PD-1 /PD-L1 monotherapy
immune targeting.'> Reasonable combination therapy can overcome the problems of low response rate and immune
targeted therapy resistance.

PARPi has been found to enhance PD-L1 expression through several cellular pathways (eg, IFNY, STNG pathway,
GSK3B).'*!> At the same time, PARPi mediated DNA damage may enhance the anti-tumor immune response.'® D-1/PDLI
inhibitors are utilized to reduce the anti-tumor immune escape ability caused by PDL1 up-regulation, thereby improving the
sensitivity of patients to PARPi. The TOPACIO trial (NCT02657889)'” showed that niraparib combined with anti-PD-1
pembrolizumab is tolerable, with an ORR of 18% and a disease control rate (DCR) of 65% in platinum-resistant or
refractory recurrent ovarian cancer. Previous clinical trials of PARPi and anti-PD-L1 combination therapy for PROC did not
show significant improvement in clinical efficacy.

Preclinical studies suggest that anti-angiogenics and PARPi have synergistic effect likely due to overlaps between the
DDR pathways and angiogenesis, as the hypoxia induced by antiangiogenic treatment could repress homologous
recombination repair, and PARP inhibition may ameliorate HIFlo-mediated resistance to antiangiogenics.'®2°
Multiple clinical studies have been performed to investigate the clinical activity of PARP inhibitors in combination
with antiangiogenic agents (most targeting vascular endothelial growth factor (VEGF) signaling) for ovarian cancer.
Olaparib plus bevacizumab has been approved for maintenance treatment of OC in homologous recombination deficiency
(HRD)-positive tumors.>' The EVOLVE study assessed olaparib in combination with cediranib (a small molecule
receptor tyrosine kinase inhibitor targeting VEGF receptor 1-3 and mast/stem cell growth factor receptor c¢-KIT) after
progression on a PARPi. Among 34 heavily pretreated patients, objective responses were observed in 0 of 11 (0%)
platinum-sensitive patients, and 2 of 10 (20%) platinum-resistant patients. Sixteen-week PFS rates were 55% and 50%,
respectively.”

Moreover, evidences suggest that angiogenic and immunogenic pathways exhibit extensive crosstalk.?? %
Angiogenic factors like VEGF could create an immunosuppressive environment by the release of inhibitory cytokines
and the recruitment of immunosuppressive cell types.”® Thus, the combined targeting of angiogenesis and immune
checkpoints is deemed to facilitate a more robust immune response to therapy. Nevertheless, only a few of ongoing trials
of dual inhibition of angiogenic and immune checkpoint pathways in PROC, with limited data thus far. In a single arm
phase II trial (NCT02873962) of the combination of bevacizumab and the anti-PD-1 antibody nivolumab, the ORR
across 38 women enrolled was 28.9%, and the ORR was 16.7% (3/18) in the platinum-resistant participants.>’

Considering that the combination of immunotherapy, PARPi and antiangiogenic agents may enhance the efficacy of
each treatment, several clinical trials are under way to investigate the efficacy of triplet combination in the treatment of
ovarian cancer. Notably, preliminary results of bevacizumab, olaparib, and durvalumab within the GINECO BOLD study
showed promising results in patients with PROC: median PFS was 4.1 [3.5-5.9] months, median overall survival (mOS)
was 18.8 [9.6 — NR] months, DCR at 3 months and 6-months were 70% and 30%, respectively.*® In this case, our patient
has sustained a response for more than 15 months, longer than the mPFS in the GINECO BOLD study.

In our case, the patient achieved considerable clinical response with a sharp decrease of 91.14% of the target lesions
after receiving camrelizumab, combined with fuzuloparib and apatinib. As we know, BRCA1/2 deficient or HRD-
positive tumor cells are more sensitive to PARPi,? the great benefit from the triplet combination therapy our patient has
gained may largely lie in the functional loss of BRCA1, which contributes to the synthetic lethality induced by
fuzuloparib. The limitation is that this is just one individual case As mentioned above, recent studies suggest the
existence of overlaps between PARP inhibition, anti-angiogenesis, and the PD-1/PD-L1 axis. The synergistic effect of
this combined treatment on PROC warrants further investigation in a large sample.

In conclusion, our case suggests that the triplet combination with camrelizumab, combined with fuzuloparib and
apatinib maybe a new option for PROC patient with manageable adverse reaction.
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