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ABSTRACT

Background: Poly (adenosine diphosphate)-ribose polymerase (PARP) inhibitors for tumors 
with homologous recombination deficiency (HRD), including pathogenic mutations 
in BRCA1/2, have been developed. Genomic analysis revealed that about 20% of uterine 
leiomyosarcoma (uLMS) have HRD, including 7.5%–10% of BRCA1/2 alterations and 4%–6% 
of carcinomas of the uterine corpus, and 2.5%–4% of the uterine cervix have alterations of 
BRCA1/2. Preclinical and clinical case reports suggest that PARP inhibitors may be effective 
against those targets. The Japanese Gynecologic Oncology Group (JGOG) is now planning to 
conduct a new investigator-initiated clinical trial, JGOG2052.
Methods: JGOG2052 is a single-arm, open-label, multi-center, phase 2 clinical trial to 
evaluate the efficacy and safety of niraparib monotherapy for a recurrent or persistent rare 
fraction of gynecologic malignancies with BRCA1/2 mutations except for ovarian cancers. 
We will independently consider the effect of niraparib for uLMS or other gynecologic 
malignancies with BRCA1/2 mutations (cohort A, C) and HRD positive uLMS without BRCA1/2 
mutations (cohort B). Participants must have 1–3 lines of previous chemotherapy and at least 
one measurable lesion according to RECIST (v.1.1). Niraparib will be orally administered 
once a day until lesion exacerbation or unacceptable adverse events occur. Efficacy will be 
evaluated by imaging through an additional computed tomography scan every 8 weeks. Safety 
will be measured weekly in cycle 1 and every 4 weeks after cycle 2 by blood tests and physical 
examinations. The sample size is 16–20 in each of cohort A and B, and 31 in cohort C. Primary 
endpoint is the objective response rate.
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INTRODUCTION

Recent advantages in genomic analysis using next-generation sequencing have revealed that 
molecular biological characteristics of various malignancies may be emerging therapeutic 
agents. Poly (adenosine diphosphate)-ribose polymerase (PARP) inhibitors for tumors with 
homologous recombination deficiency (HRD), including pathogenic mutations or likely 
pathogenic mutations in BRCA 1/2 genes have been developed. In gynecologic malignancies, 
olaparib and niraparib for ovarian cancer are covered by medical insurance in most countries 
in the US, EU, and Asian countries, including Japan, because of a high incidence of HRD 
in ovarian cancers. Olaparib is therapeutically effective as a maintenance therapy based on 
germline or somatic BRCA1/2 mutations, HRD, or platinum sensitivity [1,2]. Niraparib is 
also one of the PARP inhibitors with higher PARP-trapping potency [3]. In addition to being 
used as maintenance therapy for newly diagnosed ovarian cancers with or without HRD 
[4] and recurrent ovarian cancers with HRD [5], niraparib exhibited an antitumor effect 
when used as a single agent for recurrent ovarian cancers with HRD in tumor tissue as an 
index, independent of platinum sensitivity [6]. However, the incidence of HRD in non-
ovarian gynecologic malignancies is low, and the development of new treatments for these 
malignancies is difficult due to their rarity.

BRCA1/2 biallelic inactivation is one of the strongest biomarkers for the response of 
PARP inhibitors. Pan-cancer analysis revealed that uterine leiomyosarcoma (uLMS) has 
characteristic alterations in these genes and the major alterations in uLMS are somatic 
homozygous deletion in BRCA2, whereas germline pathogenic or likely pathogenic mutations 
along with loss of heterozygosity (LOH) are major biallelic inactivation of BRCA1/2 in other 
gynecologic malignancies, including ovarian cancer [7].

uLMS is located near the non-uterine LMS (nuLMS) in the phylogenetic tree of soft-tissue 
sarcomas (STS) [8], and it became clear that some of the uLMS have HRD, including 
alterations of BRCA1/2 and other homologous recombination repair (HRR)-related genes 
such as ATM and CDK11 [9]. Mutations of BRCA2 were observed more frequently in uLMS 
than in nuLMS (around 10% vs. 1%) [10,11]. In a study that conducted a cancer genome 
profile test on 80 cases of uLMS, Hensley et al. [11] reported that homozygous deletions 
and truncating mutations in BRCA2 were observed in 5% and 2.5% of the cases, respectively. 
Therefore, the mutation rate of BRCA1/2 in uLMS reported to date ranges from 7.5% to 10%, 
and abnormalities in the HRR gene are reported to be about 18% overall [12]. Choi et al. [13] 
reported that 25% (12 out of 48 samples) of uLMS showed clinically actionable mutation 
signatures of HRD. Furthermore, in an analysis of HRD score in 214 STS samples of The 
Cancer Genome Atlas database, which calculated an unweighted sum of LOH, telomeric 
allelic imbalance (TAI), and largescale state transitions (LST), the optimal cut-off value 
correlated with clinical HRD was 34.5 of HRD score [14]. Thus, HRD in uLMS may be 
estimated by scores based on LOH, TAI, and LST.

Genomic analysis in other gynecologic cancers revealed that mutations of BRCA1/2 were 
not limited to ovarian cancers and uLMS. The mutation rates of BRCA1/2 were estimated 
at 4%–6% in endometrial cancer and 2.5%–4% in cervical cancer. The BRCA1/2 mutations 
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were also reported in vulvar cancer [15]. Those pathogenic (or likely pathogenic) mutations 
(either germline or somatic) may result in HRD through biallelic loss of BRCA1/2 [16]. 
Especially, uterine serous carcinoma is morphologically and biologically similar to ovarian 
serous carcinoma [17], and the mutation rate of BRCA1/2 in uterine serous carcinoma has 
been reported to be 9.1% and 6.3% [18]. Moreover, clinical studies that searched for cancer-
related gene mutations in recurrent endometrial cancer in Japan were conducted in the 
medical institutions of the Japanese Gynecologic Oncology Group (JGOG), and the results 
were announced at American Society of Clinical Oncology in 2020 [19]. Among 102 cases 
of recurrent endometrial cancer, pathogenic or likely pathogenic variants of BRCA1/2 were 
detected in 8 cases (7.8%) (6 cases of the BRCA1 mutation, 2 cases of the BRCA2 mutation, 
and 2 duplicate cases). Therefore, BRCA1/2 mutated (i.e., a rare fraction of ) gynecologic 
malignancies may be good candidates for PARP inhibitors.

In preclinical studies, PARP inhibitors showed antitumor effects not only on ovarian cancers 
but also on uterine sarcoma cell lines with BRCA2 gene mutations (SK-UT-1 and SK-UT-1B) 
in a concentration-dependent manner [9]. Furthermore, in a report examining the efficacy 
of niraparib on cell lines of HRD positive (HRd) STS without BRCA1/2 pathogenic mutations, 
the concentration-dependent antitumor effect was also observed both in vitro and in vivo on 
fibrosarcoma cell line (HT-1080) and uLMS cell line (SK-LMS-1) [14]. The PDX model of HRd 
uLMS without BRCA1/2 pathogenic mutations exhibited significant suppression of tumor 
growth by olaparib [13]. Thus, the antitumor effect of niraparib can be expected for HRd 
uLMS with or without BRCA1/2 alterations. Among rare gynecologic malignancies other than 
uLMS, it has been suggested that HeLa cells that have acquired cisplatin (CDDP) resistance 
may have increased sensitivity to PARP inhibitors than CDDP-sensitive cells because they 
overexpressed PARP1, which is a target of PARP inhibitors [20].

A recent case report of dramatic tumor shrinkage for uLMS with alterations of BRCA2 by 
administration of PARP inhibitor was published [21]. She experienced disease recurrence 
after gemcitabine plus docetaxel therapy (GD therapy), doxorubicin (Dox) monotherapy, 
and temozolomide, and had deep deletions of somatic BRCA2, TP53, and PTEN. The partial 
response (PR) was achieved 6 weeks after olaparib administration, and the response was 
maintained for 8 months. Furthermore, 2 case series have reported that PARP inhibitors were 
clinically useful in uLMS with BRCA2 alterations [10,11]. In one case series, Seligson et al. 
[10] reported the experience of PARP inhibitors for a total of 4 uLMS patients with a previous 
history of at least 4 lines of chemotherapy. Three patients had deletion, one a truncating 
mutation in BRCA2, and PR was noted in 1 case, while all remaining cases maintained 
stable disease (SD) for a period of 12 months or longer [10]. Another group also reported 
the effect of PARP inhibitors in a total of 6 cases of uLMS with BRCA2 alterations (4 cases 
with homozygous deletion and 2 cases with truncating mutations accompanied by LOH). 
Complete response (CR) was noted in 1 case and PR was observed in 1 case. The treatment 
period of 6 cases was 6 to 28 months [11]. In addition, it was reported that the recurrent case 
of cervical small cell neuroendocrine carcinoma with BRCA2 mutation in tumor tissues had a 
long SD of 15 months upon administration of a PARP inhibitor [22].

Ewing sarcoma and osteosarcoma were highly sensitive to PARP inhibitors in vitro [23]. 
It may be because the fusion gene EWS–FLI1 that causes Ewing sarcoma suppressed the 
function of BRCA1 and might have conferred the characteristics similar to HRd tumors [24]. 
However, a PARP inhibitor alone did not obtain the expected efficacy in a clinical trial [25]. 
Unlike uLMS, BRCA1/2 pathogenic mutations themselves are rare in Ewing sarcoma and 
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osteosarcoma [7]. It may be necessary to consider clinical trials targeting genomic alterations 
of HRD, including BRCA1/2 pathogenic mutations.

Based on the aforementioned preclinical and clinical studies, JGOG is now planning to 
conduct a new investigator-initiated phase 2 clinical trial to evaluate the efficacy and safety of 
niraparib monotherapy for recurrent and persistent rare fraction of gynecologic malignancies 
with HRD except for ovarian cancers (i.e., uLMS with HRD and “rare fraction” of other 
gynecologic cancers with BRCA1/2 mutations) (JGOG2052, Japan Primary Registries Network 
- jRCT2031210264).

METHODS

1. Trial design
JGOG2052 is a single-arm, open-label, multi-center, phase 2 clinical trial conducted in 
14 medical centers in Japan. We prospectively evaluate each of the following 3 cohorts 
independently; cohort A, BRCA1/2-mutated uLMS; cohort B, HRd uLMS without BRCA1/2 
mutations; cohort C, BRCA1/2-mutated, rare fraction of gynecologic malignancies other 
than uLMS (Fig. 1). For uLMS patients, we will perform HRD testing of the tumor tissues 
using myChoice® CDx PLUS (Myriad, Salt Lake City, UT, USA) after confirming eligibility 
and obtaining written informed consent. uLMS with BRCA1/2 mutation in myChoice® CDx 
PLUS register into cohort A, and HRd uLMS without BRCA1/2 mutation into cohort B. We 
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HRD test

Niraparib monotherapy

Recurrent & persistent gynecologic malignancies
with a previous history of chemotherapy 

uLMS Other than uLMS

· Primary: Objective response rate in each cohort (evaluating independently)

· Exploratory: Correlation between the efficacy of niraparib and HRD score, etc.

· Secondary:
(Efficacy) Progression-free survival, overall survival, etc.
(Safety) Number and percentage of subjects with adverse events, etc.

Endpoints

BRCA-mutated uLMS
Cohort A: 16–20 patients

HRd uLMS
without BRCA mutation

Cohort B: 16–20 patients
BRCA-mutated other

gynecologic malignancies

Cohort C: 31 patients

Until the lesion exacerbation or
the onset of unacceptable adverse events

Fig. 1. Study design. For uLMS, myChoice® CDx PLUS is performed as an HRD test, and divided into cohort A and 
B; uLMS with BRCA1/2 mutation and HRd uLMS without BRCA1/2 mutation, respectively. Patients with BRCA1/2 
mutation in cancer genomic profiling tests can register cohort A and C. 
HRd, homologous recombination deficiency positive; uLMS, uterine leiomyosarcoma; HRD, homologous 
recombination deficiency.
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defined HRd uLMS as ≥33 of Genomic Instability Score in myChoice® CDx PLUS, calculated 
by LOH, TAI, and LST and correlated with HRD in STS [14]. This value is the same cut-off 
value as the VELIA study [26]. Patients in cohort A can be enrolled before obtaining the result 
of the HRD test if pathogenic or likely pathogenic mutations in BRCA1/2 are identified in the 
tumor tissue by the cancer genomic profiling tests (CGPs), covered by health insurance in 
Japan (FoundationOne® CDx, Foundation Medicine, Cambridge, MA; or OncoGuide™ NCC 
Oncopanel System, Sysmex Corporation, Kobe, Japan). As well, BRCA1/2 mutations must be 
confirmed by CGPs for registration in cohort C.

A 200 mg dose of niraparib will be orally administered once a day from the 1st day with 28 
days per cycle until lesion exacerbation or unacceptable adverse events (AEs) occur. If the 
body weight before the first administration of this drug is at least 77 kg and the platelet 
count is at least 150,000/μL, 300 mg of niraparib should be orally administered once a day. 
Efficacy will be evaluated by imaging through an additional computed tomography scan every 
8 weeks. Safety will be evaluated weekly in cycle 1 and every 4 weeks after cycle 2 by tests, 
including blood tests, and physical examinations.

2. Eligibility criteria
Patients who must meet all of the following inclusion criteria:

(1) Participants aged 20 years or older.
(2) �Voluntary written consent must be given before the performance of any study-related 

procedure.
(3) �Participants must have formalin-fixed, paraffin-embedded tumor samples available 

from the primary or recurrent lesions or agree to undergo fresh biopsy before study 
treatment initiation.

(4) �Participants with uLMS must agree to undergo tumor HRD testing, and the result must 
show BRCA1/2 mutation (cohort A) or HRd without BRCA1/2 mutation (cohort B).

(5) �Participants (in cohort C) must have been histologically diagnosed as gynecologic 
malignancies (except for uLMS, and primary ovarian, tubal and peritoneal 
carcinomas), whose tumors must have been genetically diagnosed as BRCA1/2-mutated 
(pathogenic or likely pathogenic).

(6) �Participants must have been previously treated with chemotherapy including adjuvant 
settings.

(7) �Participants must have at least one measurable lesion according to RECIST (v.1.1).
(8) �Participants must have completed their last chemotherapy regimen >4 weeks before 

protocol treatment initiation.
(9) �Participants must have a performance status of ≤1 on the Eastern Cooperative 

Oncology Group Performance Status Scale.
(10) �Participants must have adequate organ function as indicated by the following 

laboratory values
• Absolute neutrophil count ≥1,500/μL,
• Platelets ≥150,000/μL,
• Hemoglobin ≥10 g/dL,
• �Serum creatinine ≤1.5 × upper limit of normal (ULN) or calculated creatinine 

clearance ≥50 mL/min using the Cockcroft-Gault equation,
• Total bilirubin ≤1.5 × ULN or direct bilirubin ≤1 × ULN,
• �Aspartate aminotransferase and alanine aminotransferase ≤2.5 × ULN unless liver 

metastases are present, in which case they must be ≤5 × ULN).
(11) Participants must be able to take oral medications.

https://doi.org/10.3802/jgo.2022.33.e55
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(12) Female participants of childbearing potential must be negative for a pregnancy test.
(13) �Female participants of childbearing potential agree to practice an effective 

contraception from the time of signing the informed consent through 180 days after 
the last dose of study drug.

Subjects will be excluded from the trial if they meet any of the following exclusion criteria:
(1) Participants whose lesions can be completely resected.
(2) Participants who have had prior treatment with 4 and more regimens of chemotherapy.
(3) �Participants in cohort C who have recurrence with a last platinum-free interval (PFI) of 

6 months or more if the participants treated by platinum-based regimens.
(4) �Participants who have had palliative radiotherapy encompassing >20% of the bone 

marrow within 1 week of the study treatment.
(5) �Participants who have any known, persistent (>4 weeks), grade ≥3 hematologic toxicity 

from last cancer therapy.
(6) �Participants who have any known, persistent (>4 weeks), grade ≥3 fatigue during the 

last cancer therapy.
(7) Participants who have received pelvic radiotherapy as treatment within 1 year.
(8) Participants who have symptomatic, uncontrolled brain or leptomeningeal metastases.
(9) �Participants who have known hypersensitivity to the components of niraparib or other 

PARP inhibitors.
(10) Participants who have had treatment with any investigational products within 28 days.
(11) Participants who have had major surgery within 3 weeks.
(12) �Participants who have a diagnosis, detection, or treatment of invasive second 

primary malignancy other than the target cancer of this trial ≤24 months before study 
enrollment.

(13) �Participants who are considered a poor medical risk due to a serious, uncontrolled 
medical disorder, non-malignant systemic disease, or active, uncontrolled infection.

(14) Participants who have received a transfusion within 4 weeks.
(15) Participants who have received a live virus or bacterial vaccines within 4 weeks.
(16) �Participants who have a history or current evidence of any condition, therapy, or lab 

abnormality.
(17) Participants who are regular users or have a recent history of drug or alcohol abuse.
(18) �Participants who are pregnant or breast feeding or expecting to conceive within the 

planned duration of the study.
(19) Participants who are immunocompromised.
(20) Participants who have known human immunodeficiency virus positive.
(21) �Participants who have known hepatitis B surface antigen positive, or known or 

suspected active hepatitis C virus (HCV) infection. Participants who are positive for 
hepatitis B core antibody or hepatitis B surface antibody can be enrolled but must 
have an undetectable hepatitis B virus viral load. Participants who have positive HCV 
antibody must have an undetectable HCV viral load.

(22) �Participants who are judged inappropriate by the physician-in-charge to safely 
conduct this study.

3. Primary endpoint
The primary endpoint is the objective response rate (ORR), which will be evaluate 
independently in each cohort. ORR is defined as the percentage of subjects who achieved CR 
or PR in the evaluation of objective response according to RECIST (v1.1) evaluated by central 
image evaluation physicians.

https://doi.org/10.3802/jgo.2022.33.e55
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4. Secondary endpoints
Secondary endpoints include efficacy outcomes and safety outcomes. For efficacy outcomes, 
(1) Progression-free survival (PFS) rate at 6 months, which is defined as the percentage of 
subjects who have not experienced exacerbation or died 6 months after the date of enrollment 
in this trial; (2) Disease control rate, which is defined as the percentage of subjects whose 
therapeutic intervention has led to a CR, PR, or SD; (3) Duration of response, as the length 
of time that a tumor continues to respond to treatment without the lesions growing or 
spreading; (4) PFS, as the period starting from the date of enrollment in this study until the 
date of exacerbation or the date of death for any reason; and (5) Overall survival (OS), the 
period from the enrollment date until the date of death due to any cause in each cohort are 
evaluated. For safety outcomes, (1) Number and percentage of subjects with AE that occurred 
after administration of the investigational drug; (2) Number and percentage of subjects with 
grade 3 or higher AE; (3) Number and percentage of subjects with serious AE; (4) Number 
and percentage of subjects who had to discontinue the investigational drug due to AE; (5) 
Number and percentage of subjects who were suspended from the investigational drug due 
to AE; and (6) Number and percentage of subjects whose dose of the investigational drug was 
reduced due to AE are evaluated.

5. Exploratory endpoints
We investigate the following things exploratorily: (1) Correlation between the efficacy of 
niraparib and HRD score; (2) Incidence of BRCA1/2 alterations in uLMS, and the type of 
BRCA1/2 alterations; (3) Positive rate of Genomic Instability Score in myChoice® CDx PLUS, 
and the correlation between these scores and BRCA1/2 alterations in uLMS; and (4) Genomic 
analysis related to sensitivity and resistance to niraparib.

6. Sample size
The sample size was calculated independently for each cohort by an exact binomial test. A 
retrospective observational study examining the actual treatment of uLMS in Japan, JGOG 
2049s, revealed that 186/256 patients (71.8%) underwent complete resection as primary 
surgery, and 159/256 (62.1%) received adjuvant chemotherapy, of which the most frequent 
regimen was GD therapy [27]. Because Dox-based chemotherapy is the first-choice regimen 
in the recurrent setting [28], we assume that many of the participants in this trial will have a 
previous history of chemotherapy with adjuvant chemotherapy, including GD therapy, and 
Dox-based chemotherapy after their recurrence. There is no standard regimen for uLMS in 
this setting at present. Drugs covered by health insurance in Japan include pazopanib [29], 
trabectedin [30], and eribulin [31], but the therapeutic effects of these drugs in phase 3 trials 
for uLMS are not sufficient; the ORR is only 4% to 11%. In the post-marketing surveillance in 
Japan, only eribulin showed the tumor shrinkage effect on LMS patients, but both pazopanib 
and trabectedin did not [32-34]. Therefore, eribulin is considered the most effective drug 
for the study subjects. The ORR of eribulin in the phase 3 study was 4% for the entire study, 
but it was 5% in the subgroup analysis for LMS. At present, reports on the efficacy of PARP 
inhibitors for BRCA mutation-positive uLMS include a series of 4 cases in 2019 and 6 cases 
reported by another group in 2020, as described above. Even when considering off-label 
regimens in Japan, the ORR is around 25% for GD therapy [35] or gemcitabine (GEM) 
monotherapy [36] for patients with a history of only one regimen, and this value is deemed to 
be clinically effective. Therefore, the ORR is expected to improve by 20% from the threshold 
when the threshold ORR is set to 5% for cohort A and B. To have an 80% power to reject the 
null hypothesis of a threshold ORR of 5%, we needed to enroll 16 patients, assuming a one-
sided alpha level of 5%.
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In cohort C, based on the mutation rate of BRCA1/2, cases of endometrial and cervical cancer 
unresponsive to standard platinum-containing chemotherapy regimen are the main targets 
of this cohort. There is only limited data on the treatment results of endometrial and cervical 
cancer resistant or unresponsive to platinum-containing chemotherapy. In retrospective 
studies, the therapeutic effect of second-line platinum-based chemotherapies on the patients 
with a PFI <6 months was significantly worse in endometrial and cervical cancer other than 
ovarian cancer [37-39]. Thus, non-platinum regimens are used in this setting [28]. Recently, 
a randomized phase 3 trial of lenvatinib plus pembrolizumab for recurrent endometrial 
cancer reported that the ORR in chemotherapy arm (either Dox or paclitaxel monotherapy) 
was 14.7%. The phase 3 trial allowed only one prior platinum-based chemotherapy regimen 
after the recurrence, including endometrioid histology at 59% [40]. There was also a phase 2 
trial from Japan to evaluate the efficacy of non-platinum regimen for recurrent endometrial 
cancer with PFI of less than 6 months, presenting that the ORR was only 7.1% [41]. The ratio 
of BRCA1/2 mutations is higher in serous endometrial carcinomas (more aggressive and poor-
prognostic subtype), and 2 or 3 prior regimens are allowed in the eligibility criteria, including 
the lenvatinib plus pembrolizumab regimen after failure to platinum-based regimens. Thus, 
the ORR in this study setting (with heavily-treated, and more likely to be high-grade subtype) 
is expected to be lower than 10%. In recurrent cervical cancer, the response rate to second-
line CDDP based (or CDDP analogue based) chemotherapy was reported to be 11.4% (4/35) 
in platinum resistant patients, including the patients with PFI <12 months [39]. Although 
clinical trial data are minimal, the ORR in this setting was expected to be only about 10%, 
including a recent phase 2 trial investigating the effects of molecular-targeted drugs, for most 
participants with 2 or 3 prior regimens [42,43]. In addition, it was even less effective in a rare 
subtype of the cervix, such as neuroendocrine carcinoma [44]. In this study, all the patients 
in cohort C will be recruited after a CGP under health insurance coverage, which is applicable 
only for patients after the standardized treatment (i.e., heavily treated). Taken together, we 
assume that the ORR in cohort C (mainly composed of endometrial and cervical cancers) is 
10%. The test results for recurrent ovarian cancer unresponsive to platinum drugs can also 
be a reference. In the QUADRA trial [6], which is a phase 2 study that verified the efficacy 
and safety of niraparib for recurrent ovarian cancer, the ORR was 27% in platinum-resistant 
ovarian cancer with BRCA1/2 mutation. When the expected ORR is set to 25%, the required 
sample size was 27 patients for rejecting the null hypothesis of a threshold ORR of 10% with 
a 70% power, assuming a one-sided alpha-level of 10%. Assuming that 4 patients would drop 
out, the target total number of patients was set at 31.

7. Participating institutions
This trial will be conducted at the following 14 medical institutions: Hokkaido University 
Hospital, Tohoku University Hospital, Niigata University Medical & Dental Hospital, The 
University of Tokyo Hospital, Keio University Hospital, The Jikei University Hospital, Cancer 
Institute Hospital of JFCR, Shizuoka Cancer Center, Nagoya University Hospital, Osaka 
University Hospital, Kindai University Hospital, Hyogo Cancer Center, Shikoku Cancer 
Center, Kurume University Hospital.

8. Randomization and blinding
Not applicable.

9. Statistical methods
The Full Analysis Set is the main target of efficacy analysis. In addition, the Per Protocol Set 
conforming to the trial protocol will undergo secondary analysis to examine the robustness 
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of the conclusions. Safety analysis set is defined as the set of subjects enrolled in the trial 
excluding those who fall under any of the following: (1) Subjects who have never been treated 
with the investigational drug; and (2) Serious GCP violations (e.g., consent or serious trial 
violations). AE is graded according to common terminology criteria for adverse events 
version 5.0.

DISCUSSION

In JGOG2052, participants are selected by BRCA1/2 mutations or HRD, which are high-evidence 
biomarkers for PARP inhibitors, to examine the safety and efficacy of niraparib. This trial 
focuses on recurrent and intractable uLMS with a previous history of chemotherapy, and other 
rare gynecologic malignancies without platinum-drug sensitivity, who have a poor prognosis 
and limited effects of existing chemotherapy regimens. Considering that there is no standard 
chemotherapy regimen for these targets, precision medicine for targeting rare gynecologic 
malignancies with these genomic alterations is emerging as important therapeutic targets. 
Based on the preclinical and clinical studies of PARP inhibitors for those patients, prolongation 
of OS can be largely expected. Although randomized control trials for these targets are difficult 
to perform due to their rarity, it is expected that the effect of niraparib on rare fraction of 
gynecologic malignancies with a common genomic background can be clarified in this trial. 
Therefore, it is significant to verify the efficacy of PARP inhibitors for BRCA1/2 mutation-
positive cases or BRCA1/2 mutation-negative and HRd cases among chemotherapy-resistant, 
unresectable advanced or persistent rare fraction of gynecologic malignancies.

ACKNOWLEDGEMENTS

We thank the staff of Clinical Research and Medical Innovation Center, Promotion Unit, 
Institute of Health Science Innovation for Medical Care, Hokkaido University Hospital for 
assisting the study design, and at Medical Research Support limited for data management.

REFERENCES

	 1.	 Pujade-Lauraine E, Ledermann JA, Selle F, Gebski V, Penson RT, Oza AM, et al. Olaparib tablets as 
maintenance therapy in patients with platinum-sensitive, relapsed ovarian cancer and a BRCA1/2 
mutation (SOLO2/ENGOT-Ov21): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet 
Oncol 2017;18:1274-84. 
PUBMED | CROSSREF

	 2.	 Moore K, Colombo N, Scambia G, Kim BG, Oaknin A, Friedlander M, et al. Maintenance olaparib in 
patients with newly diagnosed advanced ovarian cancer. N Engl J Med 2018;379:2495-505. 
PUBMED | CROSSREF

	 3.	 Thomas A, Murai J, Pommier Y. The evolving landscape of predictive biomarkers of response to PARP 
inhibitors. J Clin Invest 2018;128:1727-30. 
PUBMED | CROSSREF

	 4.	 González-Martín A, Pothuri B, Vergote I, DePont Christensen R, Graybill W, Mirza MR, et al. Niraparib in 
patients with newly diagnosed advanced ovarian cancer. N Engl J Med 2019;381:2391-402. 
PUBMED | CROSSREF

	 5.	 Mirza MR, Monk BJ, Herrstedt J, Oza AM, Mahner S, Redondo A, et al. Niraparib maintenance therapy in 
platinum-sensitive, recurrent ovarian cancer. N Engl J Med 2016;375:2154-64. 
PUBMED | CROSSREF

https://doi.org/10.3802/jgo.2022.33.e55

JGOG2052 trial of niraparib in gynecologic cancer

http://www.ncbi.nlm.nih.gov/pubmed/28754483
https://doi.org/10.1016/S1470-2045(17)30469-2
http://www.ncbi.nlm.nih.gov/pubmed/30345884
https://doi.org/10.1056/NEJMoa1810858
http://www.ncbi.nlm.nih.gov/pubmed/29664016
https://doi.org/10.1172/JCI120388
http://www.ncbi.nlm.nih.gov/pubmed/31562799
https://doi.org/10.1056/NEJMoa1910962
http://www.ncbi.nlm.nih.gov/pubmed/27717299
https://doi.org/10.1056/NEJMoa1611310


10/12https://ejgo.org

	 6.	 Moore KN, Secord AA, Geller MA, Miller DS, Cloven N, Fleming GF, et al. Niraparib monotherapy for 
late-line treatment of ovarian cancer (QUADRA): a multicentre, open-label, single-arm, phase 2 trial. 
Lancet Oncol 2019;20:636-48. 
PUBMED | CROSSREF

	 7.	 Jonsson P, Bandlamudi C, Cheng ML, Srinivasan P, Chavan SS, Friedman ND, et al. Tumour lineage 
shapes BRCA-mediated phenotypes. Nature 2019;571:576-9. 
PUBMED | CROSSREF

	 8.	 Taylor BS, Barretina J, Maki RG, Antonescu CR, Singer S, Ladanyi M. Advances in sarcoma genomics and 
new therapeutic targets. Nat Rev Cancer 2011;11:541-57. 
PUBMED | CROSSREF

	 9.	 Chudasama P, Mughal SS, Sanders MA, Hübschmann D, Chung I, Deeg KI, et al. Integrative genomic and 
transcriptomic analysis of leiomyosarcoma. Nat Commun 2018;9:144. 
PUBMED | CROSSREF

	10.	 Seligson ND, Kautto EA, Passen EN, Stets C, Toland AE, Millis SZ, et al. BRCA1/2 functional loss defines a 
targetable subset in leiomyosarcoma. Oncologist 2019;24:973-9. 
PUBMED | CROSSREF

	11.	 Hensley ML, Chavan SS, Solit DB, Murali R, Soslow R, Chiang S, et al. Genomic landscape of uterine 
sarcomas defined through prospective clinical sequencing. Clin Cancer Res 2020;26:3881-8. 
PUBMED | CROSSREF

	12.	 Rosenbaum E, Jonsson P, Seier K, Chi P, Dickson MA, Gounder MM, et al. DNA damage response 
pathway alterations and clinical outcome in leiomyosarcoma. J Clin Oncol 2019;37:11048. 
CROSSREF

	13.	 Choi J, Manzano A, Dong W, Bellone S, Bonazzoli E, Zammataro L, et al. Integrated mutational landscape 
analysis of uterine leiomyosarcomas. Proc Natl Acad Sci U S A 2021;118:e2025182118. 
PUBMED | CROSSREF

	14.	 Li H, Tu J, Zhao Z, Chen L, Qu Y, Li H, et al. Molecular signatures of BRCAness analysis identifies 
PARP inhibitor niraparib as a novel targeted therapeutic strategy for soft tissue sarcomas. Theranostics 
2020;10:9477-94. 
PUBMED | CROSSREF

	15.	 Han MR, Shin S, Park HC, Kim MS, Lee SH, Jung SH, et al. Mutational signatures and chromosome 
alteration profiles of squamous cell carcinomas of the vulva. Exp Mol Med 2018;50:e442. 
PUBMED | CROSSREF

	16.	 Sokol ES, Pavlick D, Khiabanian H, Frampton GM, Ross JS, Gregg JP, et al. Pan-cancer analysis of BRCA1 
and BRCA2 genomic alterations and their association with genomic instability as measured by genome-
wide loss of heterozygosity. JCO Precis Oncol 2020;4:442-65. 
PUBMED | CROSSREF

	17.	 Hiramatsu K, Yoshino K, Serada S, Yoshihara K, Hori Y, Fujimoto M, et al. Similar protein expression 
profiles of ovarian and endometrial high-grade serous carcinomas. Br J Cancer 2016;114:554-61. 
PUBMED | CROSSREF

	18.	 Jones NL, Xiu J, Reddy SK, Burke WM, Tergas AI, Wright JD, et al. Identification of potential therapeutic 
targets by molecular profiling of 628 cases of uterine serous carcinoma. Gynecol Oncol 2015;138:620-6. 
PUBMED | CROSSREF

	19.	 Fujiwara H, Oda K, Takahashi N, Sakata J, Taneichi A, Ikeda M, et al. NGS-based molecular profiling 
(a multi-center collaborative, observation study in Japan) highlights pathogenic variants of DNA-repair 
genes in advanced or recurrent endometrial cancer. J Clin Oncol 2020;38:e13510. 
CROSSREF

	20.	 Michels J, Vitale I, Galluzzi L, Adam J, Olaussen KA, Kepp O, et al. Cisplatin resistance associated with 
PARP hyperactivation. Cancer Res 2013;73:2271-80. 
PUBMED | CROSSREF

	21.	 Pan M, Ganjoo K, Karam A. Rapid response of a BRCA2/TP53/PTEN-deleted metastatic uterine 
leiomyosarcoma to olaparib: a case report. Perm J 2021;25:251.
PUBMED

	22.	 Rose PG, Sierk A. Treatment of neuroendocrine carcinoma of the cervix with a PARP inhibitor based on 
next generation sequencing. Gynecol Oncol Rep 2019;30:100499. 
PUBMED | CROSSREF

	23.	 Garnett MJ, Edelman EJ, Heidorn SJ, Greenman CD, Dastur A, Lau KW, et al. Systematic identification of 
genomic markers of drug sensitivity in cancer cells. Nature 2012;483:570-5. 
PUBMED | CROSSREF

	24.	 Gorthi A, Romero JC, Loranc E, Cao L, Lawrence LA, Goodale E, et al. EWS-FLI1 increases transcription 
to cause R-loops and block BRCA1 repair in Ewing sarcoma. Nature 2018;555:387-91. 
PUBMED | CROSSREF

https://doi.org/10.3802/jgo.2022.33.e55

JGOG2052 trial of niraparib in gynecologic cancer

http://www.ncbi.nlm.nih.gov/pubmed/30948273
https://doi.org/10.1016/S1470-2045(19)30029-4
http://www.ncbi.nlm.nih.gov/pubmed/31292550
https://doi.org/10.1038/s41586-019-1382-1
http://www.ncbi.nlm.nih.gov/pubmed/21753790
https://doi.org/10.1038/nrc3087
http://www.ncbi.nlm.nih.gov/pubmed/29321523
https://doi.org/10.1038/s41467-017-02602-0
http://www.ncbi.nlm.nih.gov/pubmed/30541756
https://doi.org/10.1634/theoncologist.2018-0448
http://www.ncbi.nlm.nih.gov/pubmed/32299819
https://doi.org/10.1158/1078-0432.CCR-19-3959
https://doi.org/10.1200/JCO.2019.37.15_suppl.11048
http://www.ncbi.nlm.nih.gov/pubmed/33876771
https://doi.org/10.1073/pnas.2025182118
http://www.ncbi.nlm.nih.gov/pubmed/32863940
https://doi.org/10.7150/thno.45763
http://www.ncbi.nlm.nih.gov/pubmed/29422544
https://doi.org/10.1038/emm.2017.265
http://www.ncbi.nlm.nih.gov/pubmed/32903788
https://doi.org/10.1200/PO.19.00345
http://www.ncbi.nlm.nih.gov/pubmed/26889980
https://doi.org/10.1038/bjc.2016.27
http://www.ncbi.nlm.nih.gov/pubmed/26123645
https://doi.org/10.1016/j.ygyno.2015.06.034
https://doi.org/10.1200/JCO.2020.38.15_suppl.e13510
http://www.ncbi.nlm.nih.gov/pubmed/23554447
https://doi.org/10.1158/0008-5472.CAN-12-3000
http://www.ncbi.nlm.nih.gov/pubmed/33970096
http://www.ncbi.nlm.nih.gov/pubmed/31649992
https://doi.org/10.1016/j.gore.2019.100499
http://www.ncbi.nlm.nih.gov/pubmed/22460902
https://doi.org/10.1038/nature11005
http://www.ncbi.nlm.nih.gov/pubmed/29513652
https://doi.org/10.1038/nature25748


11/12https://ejgo.org

	25.	 Choy E, Butrynski JE, Harmon DC, Morgan JA, George S, Wagner AJ, et al. Phase II study of olaparib 
in patients with refractory Ewing sarcoma following failure of standard chemotherapy. BMC Cancer 
2014;14:813. 
PUBMED | CROSSREF

	26.	 Coleman RL, Fleming GF, Brady MF, Swisher EM, Steffensen KD, Friedlander M, et al. Veliparib with first-
line chemotherapy and as maintenance therapy in ovarian cancer. N Engl J Med 2019;381:2403-15. 
PUBMED | CROSSREF

	27.	 Takehara K, Yamashita N, Watanabe R, Teramoto N, Tsuda H, Motohashi T, et al. Clinical status and 
prognostic factors in Japanese patients with uterine leiomyosarcoma. Gynecol Oncol 2020;157:115-20. 
PUBMED | CROSSREF

	28.	 National Comprehensive Cancer Network (US). Uterine neoplasms. NCCN guidelines version 1, 2022 
[Internet]. Plymouth Meeting, PA: National Comprehensive Cancer Network; 2021 [cited 2021 Nov 4]. 
Available from: https://www.nccn.org/professionals/physician_gls/pdf/uterine.pdf.

	29.	 van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, Casali PG, et al. Pazopanib for metastatic 
soft-tissue sarcoma (PALETTE): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet 
2012;379:1879-86. 
PUBMED | CROSSREF

	30.	 Demetri GD, von Mehren M, Jones RL, Hensley ML, Schuetze SM, Staddon A, et al. Efficacy and safety of 
trabectedin or dacarbazine for metastatic liposarcoma or leiomyosarcoma after failure of conventional 
chemotherapy: results of a phase III randomized multicenter clinical trial. J Clin Oncol 2016;34:786-93. 
PUBMED | CROSSREF

	31.	 Schöffski P, Chawla S, Maki RG, Italiano A, Gelderblom H, Choy E, et al. Eribulin versus dacarbazine in 
previously treated patients with advanced liposarcoma or leiomyosarcoma: a randomised, open-label, 
multicentre, phase 3 trial. Lancet 2016;387:1629-37. 
PUBMED | CROSSREF

	32.	 Nakamura T, Matsumine A, Kawai A, Araki N, Goto T, Yonemoto T, et al. The clinical outcome of 
pazopanib treatment in Japanese patients with relapsed soft tissue sarcoma: a Japanese Musculoskeletal 
Oncology Group (JMOG) study. Cancer 2016;122:1408-16. 
PUBMED | CROSSREF

	33.	 Kobayashi E, Naito Y, Asano N, Maejima A, Endo M, Takahashi S, et al. Interim results of a real-
world observational study of eribulin in soft tissue sarcoma including rare subtypes. Jpn J Clin Oncol 
2019;49:938-46. 
PUBMED | CROSSREF

	34.	 Kobayashi H, Iwata S, Wakamatsu T, Hayakawa K, Yonemoto T, Wasa J, et al. Efficacy and safety 
of trabectedin for patients with unresectable and relapsed soft-tissue sarcoma in Japan: a Japanese 
Musculoskeletal Oncology Group study. Cancer 2020;126:1253-63. 
PUBMED | CROSSREF

	35.	 Hensley ML, Blessing JA, Degeest K, Abulafia O, Rose PG, Homesley HD. Fixed-dose rate gemcitabine 
plus docetaxel as second-line therapy for metastatic uterine leiomyosarcoma: a Gynecologic Oncology 
Group phase II study. Gynecol Oncol 2008;109:323-8. 
PUBMED | CROSSREF

	36.	 Pautier P, Floquet A, Penel N, Piperno-Neumann S, Isambert N, Rey A, et al. Randomized multicenter 
and stratified phase II study of gemcitabine alone versus gemcitabine and docetaxel in patients with 
metastatic or relapsed leiomyosarcomas: a Federation Nationale des Centres de Lutte Contre le Cancer 
(FNCLCC) French Sarcoma Group Study (TAXOGEM study). Oncologist 2012;17:1213-20. 
PUBMED | CROSSREF

	37.	 Nagao S, Nishio S, Michimae H, Tanabe H, Okada S, Otsuki T, et al. Applicability of the concept of 
“platinum sensitivity” to recurrent endometrial cancer: the SGSG-012/GOTIC-004/Intergroup study. 
Gynecol Oncol 2013;131:567-73. 
PUBMED | CROSSREF

	38.	 Ueda Y, Miyake T, Egawa-Takata T, Miyatake T, Matsuzaki S, Yokoyama T, et al. Second-line chemotherapy 
for advanced or recurrent endometrial carcinoma previously treated with paclitaxel and carboplatin, with 
or without epirubicin. Cancer Chemother Pharmacol 2011;67:829-35. 
PUBMED | CROSSREF

	39.	 Takekuma M, Kuji S, Tanaka A, Takahashi N, Abe M, Hirashima Y. Platinum sensitivity and non-cross-
resistance of cisplatin analogue with cisplatin in recurrent cervical cancer. J Gynecol Oncol 2015;26:185-92. 
PUBMED | CROSSREF

	40.	 Makker V, Colombo N, Casado Herráez A, Santin AD, Colomba E, Miller DS, et al. Lenvatinib plus 
pembrolizumab for advanced endometrial cancer. N Engl J Med 2022;386:437-48. 
PUBMED | CROSSREF

https://doi.org/10.3802/jgo.2022.33.e55

JGOG2052 trial of niraparib in gynecologic cancer

http://www.ncbi.nlm.nih.gov/pubmed/25374341
https://doi.org/10.1186/1471-2407-14-813
http://www.ncbi.nlm.nih.gov/pubmed/31562800
https://doi.org/10.1056/NEJMoa1909707
http://www.ncbi.nlm.nih.gov/pubmed/31983515
https://doi.org/10.1016/j.ygyno.2020.01.022
http://www.ncbi.nlm.nih.gov/pubmed/22595799
https://doi.org/10.1016/S0140-6736(12)60651-5
http://www.ncbi.nlm.nih.gov/pubmed/26371143
https://doi.org/10.1200/JCO.2015.62.4734
http://www.ncbi.nlm.nih.gov/pubmed/26874885
https://doi.org/10.1016/S0140-6736(15)01283-0
http://www.ncbi.nlm.nih.gov/pubmed/26970174
https://doi.org/10.1002/cncr.29961
http://www.ncbi.nlm.nih.gov/pubmed/31365116
https://doi.org/10.1093/jjco/hyz096
http://www.ncbi.nlm.nih.gov/pubmed/31825533
https://doi.org/10.1002/cncr.32661
http://www.ncbi.nlm.nih.gov/pubmed/18394689
https://doi.org/10.1016/j.ygyno.2008.02.024
http://www.ncbi.nlm.nih.gov/pubmed/22907974
https://doi.org/10.1634/theoncologist.2011-0467
http://www.ncbi.nlm.nih.gov/pubmed/24076450
https://doi.org/10.1016/j.ygyno.2013.09.021
http://www.ncbi.nlm.nih.gov/pubmed/20563809
https://doi.org/10.1007/s00280-010-1384-z
http://www.ncbi.nlm.nih.gov/pubmed/26197856
https://doi.org/10.3802/jgo.2015.26.3.185
http://www.ncbi.nlm.nih.gov/pubmed/35045221
https://doi.org/10.1056/NEJMoa2108330


12/12https://ejgo.org

	41.	 Tanaka Y, Ueda Y, Nakagawa S, Matsuzaki S, Kobayashi E, Shiki Y, et al. A phase I/II study of GLIF 
combination chemotherapy for taxane/platinum-refractory/resistant endometrial cancer (GOGO-EM2). 
Cancer Chemother Pharmacol 2018;82:585-92. 
PUBMED | CROSSREF

	42.	 Burotto M, Edgerly M, Poruchynsky M, Velarde M, Wilkerson J, Kotz H, et al. Phase II clinical trial of 
ixabepilone in metastatic cervical carcinoma. Oncologist 2015;20:725-6. 
PUBMED | CROSSREF

	43.	 Huh WK, Brady WE, Fracasso PM, Dizon DS, Powell MA, Monk BJ, et al. Phase II study of axalimogene 
filolisbac (ADXS-HPV) for platinum-refractory cervical carcinoma: An NRG oncology/gynecologic 
oncology group study. Gynecol Oncol 2020;158:562-9. 
PUBMED | CROSSREF

	44.	 Frumovitz M, Westin SN, Salvo G, Zarifa A, Xu M, Yap TA, et al. Phase II study of pembrolizumab efficacy 
and safety in women with recurrent small cell neuroendocrine carcinoma of the lower genital tract. 
Gynecol Oncol 2020;158:570-5. 
PUBMED | CROSSREF

https://doi.org/10.3802/jgo.2022.33.e55

JGOG2052 trial of niraparib in gynecologic cancer

http://www.ncbi.nlm.nih.gov/pubmed/30030584
https://doi.org/10.1007/s00280-018-3648-y
http://www.ncbi.nlm.nih.gov/pubmed/26040622
https://doi.org/10.1634/theoncologist.2015-0104
http://www.ncbi.nlm.nih.gov/pubmed/32641240
https://doi.org/10.1016/j.ygyno.2020.06.493
http://www.ncbi.nlm.nih.gov/pubmed/32534809
https://doi.org/10.1016/j.ygyno.2020.05.682

	Phase II study of niraparib in recurrent or persistent rare fraction of gynecologic malignancies with homologous recombination deficiency (JGOG2052)
	INTRODUCTION
	METHODS
	2. Eligibility criteria
	3. Primary endpoint
	4. Secondary endpoints
	5. Exploratory endpoints
	6. Sample size
	7. Participating institutions
	8. Randomization and blinding
	9. Statistical methods

	DISCUSSION
	REFERENCES


