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ABSTRACT
◥

Purpose: Phase I results of this phase I/II study showed that
pamiparib 60 mg twice a day had antitumor activity and an
acceptable safety profile in Chinese patients with advanced cancer,
including epithelial ovarian cancer.

Patients and Methods: This open-label phase II study was con-
ducted in China and enrolled adult (≥18 years) patients with plat-
inum-sensitive ovarian cancer (PSOC; disease progression occurring
≥6 months after last platinum treatment) or platinum-resistant
ovarian cancer (PROC; disease progression occurring <6 months
after last platinum treatment). Eligible patients had known or sus-
pected deleterious germline BRCA mutation (gBRCAmut) and had
previously received≥2 lines of therapy.Pamiparib 60mgorally twice a
day was administered until disease progression, toxicity, or patient
withdrawal. The primary endpointwas objective response rate (ORR)
assessed by independent review committee (IRC)perRECISTversion
1.1.

Results: In the total patient population (N ¼ 113; PSOC, n ¼
90; PROC, n ¼ 23), median age was 54 years (range, 34–79) and
25.6% of patients received ≥4 prior systemic chemotherapy lines.
Median study follow-up was 12.2 months (range, 0.2–21.5).
Eighty-two patients with PSOC and 19 patients with PROC were
evaluable for efficacy. In patients with PSOC, 8 achieved a
complete response (CR) and 45 achieved a partial response (PR);
ORR was 64.6% [95% confidence interval (CI), 53.3–74.9]. In
patients with PROC, 6 achieved a PR; ORR was 31.6% (95% CI,
12.6–56.6). Frequently reported grade ≥3 adverse events were
hematologic toxicities, including anemia and decreased neutro-
phil count.

Conclusions: Pamiparib 60 mg twice a day showed antitumor
activitywith durable responses in patients with PSOCorPROCwith
gBRCAmut, and had a manageable safety profile.
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Introduction
Poly(ADP-ribose) polymerase (PARP) 1/2 proteins are involved in

the repair of single- and double-strandDNAbreaks (1, 2). Normal cells
repair DNA breaks using base excision repair and homologous
recombination (HR) pathways; HR-deficient (HRD) cancer cells are
unable to repair double-strand DNA breaks (1). Tumor suppressor
proteins BRCA1/2 are involved in the repair of double-strand DNA
breaks (1), and loss of BRCA1/2 function leads to inhibition of HR-
mediated repair of double-strand DNA breaks, making cells suscep-
tible to DNA lesions caused by inhibition of PARP proteins (e.g.,
synthetic lethality; ref. 3).

Small-molecule PARP inhibitors are a class of therapeutic agents
used to treat various malignancies, including tumors harboring
BRCA1/2 mutations (4, 5). PARP inhibition impairs DNA repair and
traps PARP proteins on damagedDNA, resulting in cytotoxicity that is
exacerbated inHRDcells (5). Although PARP inhibitors have different
potencies for PARP trapping of DNA, the cytotoxic effects of PARP
inhibitors occur through modulation of the PARylation activity of
PARP and PARP–DNA complex trapping (2, 5). Results from several
randomized or single-arm clinical trials have shown that patients with
platinum-sensitive ovarian cancer (PSOC), including those with
tumors harboring BRCA1/2 mutations, can derive substantial clinical
benefit from PARP inhibitor therapy (5, 6).

Pamiparib is a potent, selective, oral PARP1/2 inhibitor. In pre-
clinical models, pamiparib demonstrated PARP–DNA complex trap-
ping, brain penetration, antitumor activity, and inhibition of PARyla-
tion (7). Results of the first-in-human (FIH) study (NCT02361723)
showed that pamiparib was generally well tolerated and had antitu-
mor activity, notably in patients with epithelial ovarian cancer (8). The
FIH phase I dose-escalation study defined the initial safety profile of
pamiparib and established a recommended phase II dose (RP2D) as
60mg orally twice a day and amaximum tolerated dose as 80mg orally
twice a day (8). The RP2Dof pamiparib 60mg twice a daywas based on
the overall adverse event (AE) profile and the lower incidence of nausea
compared with the 80mg twice a day dose (54.5% at 60mg vs. 80.0% at
80 mg) as well as the clinical response observed throughout dose levels
investigated in the FIH study (8). The phase I dose-escalation stage of

this phase I/II study enrolled Chinese patients with advanced non-
mucinous high-grade ovarian cancer or triple-negative breast cancer
whose disease progressed despite standard therapy, or for which there
is no standard therapy (NCT03333915; ref. 9). The phase I stage
demonstrated that pamiparib’s RP2D of 60 mg twice a day was well
tolerated and durable responses were observed in patients with non-
mucinous high-grade ovarian cancer (9). Here, we present primary
results of the phase II expansion stage in patients with germline
BRCA1/2 mutation–positive (gBRCA1/2mut) PSOC or platinum-
resistant ovarian cancer (PROC).

Patients and Methods
Study design and patient population

This phase I/II open-label, multicenter study in China assessed the
antitumor activity and safety of pamiparib in adult (≥18 years) female
patients with advanced solid tumors whose disease progressed despite
standard therapy or for which there is no standard therapy (Supple-
mentary Fig. S1). Phase I evaluated the safety/tolerability, pharmaco-
kinetic (PK) profile, and preliminary antitumor activity of pamiparib
and established the RP2D in Chinese patients (9). Phase II assessed
antitumor activity and further evaluated safety/tolerability of pami-
parib. Phase II enrolled patients with PSOC (disease progression that
occurred ≥6 months after last platinum treatment) or PROC (disease
progression that occurred <6 months after last platinum treatment)
and either known deleterious gBRCAmut or suspected deleterious
gBRCAmut identified by central testing. The study was conducted in
compliance with the protocol approved by the Institutional Review
Board (IRB) or Independent Ethics Committee (IEC) and in accor-
dance with Good Clinical Practice and all applicable regulatory
requirements, including the Declaration of Helsinki. All patients
provided written informed consent.

In phase II, eligible patients received 2 ormore lines of prior therapy.
Patients were required to have measurable disease per Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 (10), an
Eastern Cooperative Oncology Group (ECOG) performance status of
0–1, and adequate organ function. Patients were not permitted to have
received therapies targeting PARP, chemotherapy, biologic therapy,
immunotherapy, investigational agent, anticancer Chinese medi-
cine or anticancer herbal remedies, or to have undergone radio-
therapy for any cause within 14 days of the first dose of study drug.
Patients with untreated and/or active brain metastases were exclud-
ed; patients with treated brain metastases must not have received
corticosteroids for ≥14 days and have no signs or symptoms of the
progression of brain metastases.

Pamiparib 60mgwas administered orally twice a day starting onday
1 of cycle 1 (21-day cycle) and continuously in all subsequent cycles
until disease progression, toxicity, or patient withdrawal. Any devi-
ation from the prescribed dose frequency (e.g., one dose missed,
including a dose missed due to noncompliance) was classified as a
dose interruption. Any dose that was reduced from starting dose level
(60 mg) as determined by investigators was classified as a dose
reduction. Pamiparib was administered without food restrictions.

Endpoints and assessments
The phase II primary objective was to evaluate antitumor response;

the primary endpoint was objective response rate (ORR) by IRC.
Secondary endpoints were progression-free survival (PFS), duration of
response (DoR), disease control rate [DCR; complete response (CR)þ
partial response (PR) þ stable disease (SD)], best overall response
(BOR), and clinical benefit rate (CBR; CR þ PR þ SD ≥24 weeks) by

Translational Relevance

First-in-human (NCT02361723) results for the selective
oral PARP1/2 inhibitor pamiparib established a recommended
phase II dose of 60 mg twice a day. Phase I dose escalation of this
phase I/II study (NCT03333915) showed that adverse events with
pamiparib 60 mg twice a day were manageable/tolerable, and
durable responses were observed in patients with ovarian cancer.
Phase II dose expansion results, presented here, show that pami-
parib 60 mg twice a day has antitumor activity with durable
responses in platinum-sensitive or platinum-resistant ovarian
cancer (PSOC or PROC) with germline BRCA1/2 mutation.
Although PARP inhibitors are widely used asmaintenance therapy
for patients with PSOC, further investigation of rechallenge with
pamiparib in Chinese patients with PROCwho previously received
PARP inhibitor therapy warrants further investigation. Frequently
reported hematologic toxicities weremanageable and resolvedwith
medical intervention and laboratory monitoring during treatment.
Plasma drug exposure of pamiparib 60 mg twice a day in phase II
was consistent with that observed in phase I.
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IRC and investigator review; overall survival (OS) by investigator
review; CA-125 response rate; PK endpoints including area under the
concentration–time curve (AUC), maximal plasma concentration
(Cmax), and time to maximal plasma concentration Tmax; and safe-
ty/tolerability.

Assessments of tumor response and CA-125 response were per-
formed every 6 weeks after the first dose of pamiparib for the first
18 weeks, then every 9 weeks through the first year, and every 12 weeks
from the second year onward. Tumor response was assessed by IRC
based on RECIST version 1.1 and CA-125 responses were assessed by
Gynecologic Cancer Intergroup (GCIG) criteria (11). Serial blood
samples for pamiparib PK assessment were collected in 15 patients
at predose, 0.5, 1, 2, 4, 6, 9, and 12 hours postdose on cycle 1, day 1 and
on cycle 2, day 1; sparse blood samples were collected in 19 patients at
predose and 2 hours postdose on cycle 1, day 1 and on cycle 2, day 1.
Blood samples were analyzed using a validated liquid chromatogra-
phy–tandem mass spectrometry (LC/MS-MS) method.

Safety/tolerability assessments were based on monitoring of
AEs, as well as on vital signs, electrocardiograms, physical examina-
tions, and clinical laboratory results. The incidence of AEs, including
seriousAEs, overall and by severity, was assessed according toNational
Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.03. All dosemodifications were based on the worst preceding
toxicity, and all dose interruptions or treatment discontinuation were
based on treatment-related AEs; each patient was allowed up to 2 dose

reductions. A protocol amendment (protocol version 5.0) initiated a
more proactive dose-modification algorithm for instances of hema-
tologic AEs (Supplementary Table S1).

Analysis populations
Antitumor activity (RECIST v1.1) was assessed in all evaluable

patients; patients were considered efficacy evaluable if they had
measurable disease at baseline and had ≥1 postbaseline tumor
assessment, unless treatment had been discontinued due to clinical
progression or death prior to tumor assessment. Patients were
evaluated according to CA-125 only if they had a baseline sample
that was at least twice the upper limit of the reference range within
2 weeks before starting treatment. The PK population included all
patients for whom valid pamiparib PK parameters could be esti-
mated. Safety/tolerability was evaluated in all patients who received
≥1 dose of pamiparib.

Statistical analysis
Approximately 100 evaluable patients (n ¼ �80 PSOC; n ¼ �20

PROC) were planned for enrollment in the phase II stage of the study.
An ORR of 52% was assumed with pamiparib treatment of previously
treated patients with PSOC with BRCAmut. A total of 80 evaluable
patients with PSOCwere expected to give 98% power to demonstrate a
statistical difference versus a historical response rate of 30% (chemo-
therapy) using a binomial exact test at an alpha of 0.025 (1-sided). The

Table 1. Patient demographics and baseline characteristics.

Patient demographics/characteristics PSOC PROC Total
(n ¼ 90) (n ¼ 23) (N ¼ 113)

Median age, years (range) 54 (39–79) 54 (34–66) 54 (34–79)
<65 years, n (%) 80 (88.9) 21 (91.3) 101 (89.4)

ECOG score, n (%)
0 42 (46.7) 10 (43.5) 52 (46.0)
1 48 (53.3) 13 (56.5) 61 (54.0)

Number of prior lines of systemic chemotherapy (grouped), n (%)
2 52 (57.8) 3 (13.0) 55 (48.7)
3 19 (21.1) 10 (43.5) 29 (25.7)
4 8 (8.9) 6 (26.1) 14 (12.4)
5 4 (4.4) 1 (4.3) 5 (4.4)
≥6 7 (7.8) 3 (13.0) 10 (8.8)

gBRCA status, n (%)
BRCA1 mutation 79 (87.8) 19 (82.6) 98 (86.7)
BRCA2 mutation 11 (12.2) 4 (17.4) 15 (13.3)

Years from initial diagnosis, median (range) 3.9 (1.4–13.6) 3.6 (1.1–7.1) 3.9 (1.1–13.6)
Primary tumor location at initial diagnosis, n (%)

Ovary 81 (90.0) 20 (87.0) 101 (89.4)
Fallopian tube 7 (7.8) 3 (13.0) 10 (8.8)
Peritoneum 1 (1.1) 0 1 (0.9)
Undesignated 1 (1.1) 0 1 (0.9)

Histology, n (%)
Serous epithelial tumors 85 (94.4) 23 (100.0) 108 (95.6)
Endometrioid epithelial tumors 4 (4.4) 0 4 (3.5)
Mixed epithelial tumors 1 (1.1) 0 1 (0.9)

Target lesion diameter per IRC at study entry (mm), n (%)
<50 41 (45.6) 8 (34.8) 49 (43.4)
≥50 41 (45.6) 11 (47.8) 52 (46.0)
Missing 8 (8.9) 4 (17.4) 12 (10.6)

CA-125 value at study entry (kU/L), n (%)
<70 16 (17.8) 2 (8.7) 18 (15.9)
≥70 74 (82.2) 21 (91.3) 95 (84.1)

Abbreviations: BRCA, breast cancer susceptibility gene; ECOG, Eastern Cooperative Oncology Group.
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two-sided exact 95% CI is 40.5%–63.3% when the observed ORR is
52%. The planned number of patients with PROC was not based on
statistical design. The PROC cohort was exploratory and is summa-
rized descriptively.

Continuous variables were either reported as median and ranges
or dichotomized as categorical variables. Categorical variables were
summarized by their frequencies and percentages. Time-to-event
variables were estimated using the Kaplan–Meier method. Standard
PK parameters (AUC, Cmax, Tmax) were estimated using standard
noncompartmental methods with Phoenix WinNonlin (version 8.1
or higher).

Results
Patient disposition

Phase II enrolled 113 female patients (PSOC, n ¼ 90; PROC,
n ¼ 23). The efficacy-evaluable population included 101 patients
(PSOC, n¼ 82; PROC, n¼ 19) withmeasurable disease at baseline and
≥1 postbaseline tumor assessment at data cutoff. As of February 2,
2020, 74 patients had discontinued treatment due to progressive
disease (n ¼ 47), AEs (n ¼ 14), patient withdrawal (n ¼ 10), and
investigator’s decision (n ¼ 3). Median study follow-up was
12.2 months (range, 0.2–21.5). In the total population, median age
was 54 years (range, 34–79) and 89.4% of patients were younger than

65 years (Table 1). Overall, 25.6% of patients received ≥4 prior
systemic chemotherapy lines (21.1% in patients with PSOC; 43.4%
in patients with PROC) and 86.7% and 13.3% of patients had
gBRCA1mut and gBRCA2mut, respectively. Most patients (95.6%) had
serous epithelial tumors.

Clinical response
In both groups, most patients had a reduction in target lesions from

baseline (Fig. 1A and B). In the efficacy-evaluable population (PSOC,
n ¼ 82; PROC, n ¼ 19), by IRC assessment (RECIST v1.1), 8 patients
with PSOC achieved a CR and 45 achieved a PR, resulting in an
ORR of 64.6% (95% CI, 53.3–74.9; Table 2). Twenty-five patients
with PSOC achieved SD, yielding a DCR of 95.1% and a CBR of
74.4%. By IRC assessment, 6 patients with PROC achieved a confirm-
ed PR, resulting in an ORR of 31.6% (95% CI, 12.6–56.6). Twelve
patients with PROC achieved SD, which yielded a DCR of 94.7% and a
CBR of 52.6%. Responses for patients with PSOC and PROC occurred
at approximately the first tumor assessment; median time to response
was 1.68 months (range, 1.3–6.3) among PSOC responders (n ¼ 53)
and 1.38 months (range, 1.2–1.4) among PROC responders (n ¼ 6).
Clinical response (RECIST v1.1) was similar between IRC and inves-
tigator assessment (Table 2).

The CA-125 response rate was 79.7% (95% CI, 68.8–88.2) in
patients with PSOC and 38.1% (95% CI, 18.1–61.6) in patients with

Figure 1.

Clinical response per IRC assessment
(RECIST version 1.1) in patients with PSOC
(A) and PROC (B) in the efficacy-evaluable
population (n ¼ 101). Patients were con-
sidered efficacy-evaluable if they had
measurable disease at baseline and ≥1
postbaseline tumor assessment, unless
treatment had been discontinued due to
clinical progression or death prior to tumor
assessment.
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PROC (Supplementary Table S2). Median time to response was
1.4 months (range, 1.3–4.2) in patients with PSOC and 1.4 months
(range, 1.3–2.8) in patients with PROC.

Durable clinical responses were observed in patients with PSOC and
PROC.Median IRC-assessed DoRs were 14.5 months (95% CI, 11.10–
not reached) and 11.1months (95%CI, 4.21–not reached), respectively
(Table 3; Supplementary Fig. S2A and S2B); in both groups, the upper
limit of the 95% CI for median DoR was not reached. Median DoR
among responders in the PSOC population was 16.6 months (95% CI,
9.03–not estimable) for patients who achieved a CR (n ¼ 8) and
13.2months (95%CI, 9.00–20.73) for patients who achieved a PR (n¼
48). For patients with PSOC, the median follow-up was 12.25 months
with a censoring rate of 75.5%; among patients with PROC, themedian
follow-up was 11.63months with a censoring rate of 50.0%. Event-free
rates at 9 and 12 months were 76.9% and 66.3%, respectively, in
patients with PSOC, and 66.7% and 33.3%, respectively, in patients
with PROC.

Analysis of patients with PSOC showed that high level of response,
as assessed by the primary endpoint of ORR per IRC, was generally
consistent across all subgroups analyzed (Supplementary Fig. S3).
Because of limited sample size, no subgroup analyses were performed
in patients with PROC.

PFS and OS
In patients with PSOC (n¼ 90) andPROC (n¼ 23),medianPFS per

IRC assessment was 15.2 months (95% CI, 10.35–not estimable) and
6.2months (95%CI, 4.11–not estimable), respectively (Supplementary
Table S3; Supplementary Fig. S2C and S2D). Event-free rates for PFS at
6 and 12 months were 78.6% and 57.4%, respectively, in patients with
PSOC, and 51.2% and 38.4%, respectively, in patients with PROC.
While median OS was not mature at data cutoff for patients with
PSOC, median OS was estimated as 13.6 months (95% CI, 7.13–not
estimable) in patients with PROC (Supplementary Table S3). Event-

free rates for OS at 6 and 12 months were 93.2% and 83.5%, respec-
tively, in patients with PSOC, and 73.4% and 50.5%, respectively, in
patients with PROC.

Pharmacokinetic profile of pamiparib
Mean pamiparib plasma concentration–time profiles after a single

dose (cycle 1, day 1) and at steady-state (cycle 2, day 1) are presented in
Supplementary Fig. S4. A summary of pamiparib PK parameters is
presented in Supplementary Table S4.MedianTmaxwas approximately
2 hours; steady-state geometric mean (% coefficient of variation) AUC
from time of drug administration to 12 hours or to the last measurable
concentration and Cmax were 48,802.4 (24.3) ng/mL/h and 5,251.5
(22.7) ng/mL, respectively. The accumulation ratios based on AUC
and Cmax of pamiparib 60mg twice a day were 3.0 and 2.4, respectively
(Supplementary Table S5).

Safety/tolerability profile
Across PSOC (n ¼ 90) and PROC (n ¼ 23) groups, all patients

(100.0%) experienced at least one AE and 71.1% and 87.0% of patients,
respectively, experienced anAE of grade≥3 (Supplementary Table S6).
Among patients with PSOC and PROC, the most frequently reported
AEs of any grade were hematologic toxicities (anemia, decreased
neutrophil count, and decreased white blood cell count) and gastro-
intestinal disorders (nausea and vomiting; Table 4). The most fre-
quently reported grade ≥3 AEs were hematologic toxicities, including
anemia and decreased neutrophil count. There were no reports of
significant complications, such as grade ≥3 or serious hemorrhage or
infection potentially related to hematologic toxicity, myelodysplastic
syndrome or acute myeloid leukemia, or life-threatening or fatal
outcomes related to hematologic toxicity. There was one case of grade
3 febrile neutropenia unlikely related to study drug, which was
reported in a patient in the PSOC population. Most hematologic AEs
were manageable with medical intervention (e.g., dose modification
and/or supportive care). Treatment-emergent serious AEs were

Table 2. Tumor response by patient cohort in the efficacy-
evaluable population (N ¼ 101) by IRC and investigator
assessment based on RECIST version 1.1.

Tumor response PSOC (n ¼ 82) PROC (n ¼ 19)

IRC assessment
BOR, n (%)

CR (confirmed) 8 (9.8) 0
PR (confirmed) 45 (54.9) 6 (31.6)
SD 25 (30.5) 12 (63.2)
PD 4 (4.9) 1 (5.3)

ORR, % (95% CI) 64.6 (53.3–74.9) 31.6 (12.6–56.6)
DCR, % (95% CI) 95.1 (88.0–98.7) 94.7 (74.0–99.9)
CBR, % (95% CI) 74.4 (63.6–83.4) 52.6 (28.9–75.6)

Investigator assessment
BOR, n (%)

CR (confirmed) 5 (6.1) 0
PR (confirmed) 46 (56.1) 5 (26.3)
SD 28 (34.1) 10 (52.6)
PD 3 (3.7) 3 (15.8)

ORR, % (95% CI) 62.2 (50.8–72.7) 26.3 (9.1–51.2)
DCR, % (95% CI) 96.3 (89.7–99.2) 78.9 (54.4–93.9)
CBR, % (95% CI) 72.0 (60.9–81.3) 52.6 (28.9–75.6)

Note: ORR was based on IRC per RECIST version 1.1. Patients were considered
response-evaluable if they had measurable disease at baseline and had ≥1
postbaseline tumor assessment, unless treatment had been discontinued due
to clinical progression or death prior to tumor assessment.
CBR ¼ CR þ PR þ SD ≥24 weeks; DCR ¼ CR þ PR þ SD; ORR ¼ CR þ PR.

Table 3. Duration of response by IRC assessment in the efficacy-
evaluable population.

Duration of Response PSOC (n ¼ 82) PROC (n ¼ 19)

Responders, n 53 6
Duration of response per RECIST version 1.1, n (%)
Events 13 (24.5) 3 (50.0)

Disease progression 12 (22.6) 3 (50.0)
Death 1 (1.9) 0

Censored 40 (75.5) 3 (50.0)
New anticancer therapy 11 (20.8) 2 (33.3)
No disease progression or
death

29 (54.7) 1 (16.7)

Duration of response, months
Median (95% CI)a 14.5 (11.10–NE) 11.1 (4.21–NE)
Q1–Q3a 9.0–NR 4.9–NR

Event-free rateb (%, 95% CI) of responders at:
3 months 97.8 (85.55–99.69) 100.0 (NE–NE)
6 months 86.1 (71.61–93.53) 66.7 (19.46–90.44)
9 months 76.9 (59.87–87.41) 66.7 (19.46–90.44)
12 months 66.3 (45.08–80.94) 33.3 (1.37–75.48)

Note: Percentages were based on the number of responders.
Abbreviations: NE, not estimable; NR, not reached.
aMedians and other quartiles for DoR were estimated by Kaplan–Meier method
with 95% CIs estimated using the method of Brookmeyer and Crowley.
bEvent-free rates were estimated by Kaplan–Meier method with 95% CIs
estimated using the Greenwood’s formula.
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reported in 37.8% and 65.2% of patients with PSOC and PROC,
respectively (Supplementary Table S6). Across PSOC and PROC
groups, all patients (100.0%) experienced at least one treatment-
related AE and 67.8% and 82.6% of patients, respectively, experienced
a treatment-related AE of grade ≥3 (Supplementary Table S6).

Median treatment duration was 8.3 (range, 0.1–19.3) months in
patients with PSOC and 4.1 (range, 0.1–19.9) months in patients with
PROC, with median relative dose intensities of 91.2% (range, 41.9–
100.0) and 90.9% (range, 54.8–100.0), respectively. Dose interruptions
were reported in 93.3% of patients with PSOC and 91.3% of patients
with PROC; subsequent dose reductions were reported in 76.7% and
47.8% of patients, respectively. Management of AEs was the primary
reason for dose modifications (dose reductions: 68.9%, PSOC; 47.8%,
PROC; and dose interruptions: 75.6%, PSOC; 69.6%, PROC). Anemia
was the most frequently reported AE that led to dose modifications
(72.2%, PSOC; 56.5%, PROC). In the total population, 65.8% (73/111)
of patients required dose reductions tomanage anemia. OtherAEs that
led to dose reductions were decreased neutrophil count (n ¼ 12);
decreasedwhite blood cell count (n¼ 5); leukopenia (n¼ 4); decreased
platelet count, nausea, thrombocytopenia, and vomiting (each n¼ 2);
and asthenia, decreased lymphocyte count, fatigue, hypokalemia,
intestinal obstruction, increased gamma-glutamyl transferase,malaise,
neutropenia, and pancytopenia (each n ¼ 1). Most of these AEs
resolved with dose reductions (91.9%, n ¼ 102/111). Six cases of
anemia (grade 2, n ¼ 5 and grade 3, n ¼ 1) and one case each of
decreased lymphocyte count (grade 3), malaise (grade 2), and throm-
bocytopenia (grade 3) were ongoing at the time of analysis.

To improve the safety of pamiparib in this study, a more proactive
dose-management algorithm with closer hematologic monitoring was
instituted via a protocol amendment to be more consistent with
hematologic toxicity management employed with other PARP inhi-
bitors. Subsequently, the percentage of patients who experienced grade
≥3 AEs of anemia, decreased white blood cell count, decreased
lymphocyte count, and leukopenia was lower in the postprotocol
amendment subgroup than in the preprotocol amendment subgroup
(Table 4). In addition, the percentage of patients who experienced
serious hematologic AEs was lower in the postprotocol amendment
subgroup than in the preprotocol amendment subgroup (7.7% vs.

35.1%), as was the percentage of patients who received erythropoietin
(58.1% vs. 33.3%) and red blood cell transfusion (37.8% vs. 12.8%). No
patient in the postprotocol amendment subgroup experienced a
hematologic AE that led to treatment discontinuation. There were
two fatal AEs; both were unlikely to be related to study treatment.

Impact of dose reduction on efficacy
Of the 82 efficacy-evaluable patients with PSOC, 52 (63.4%)

required a pamiparib one-level dose reduction to 40 mg twice a day,
and 12 (14.6%) patients required a two-level dose reduction to 20 mg
twice a day. Eighteen (22.0%) patients did not require a reduction from
the starting dose of 60mg twice a day during the study.Median time to
first dose reduction was 9.1 and 10.1 weeks for patients with PSOC and
PROC, respectively. ConfirmedORRwas 74.5% (95%CI, 60.4–85.7) in
patients with PSOCwho required a dose reduction to 40mg twice a day
and 69.2% (95% CI, 38.6–90.9) in patients whose dose was reduced to
20 mg twice a day. Given the relatively limited sample size in each
subgroup and the overlapping CIs, the ORRs among patients who
required dose reductions were generally consistent with the ORRs of
patients who did not require a dose reduction [ORR for 60 mg twice a
day, 50.0% (95%CI, 26.0–74.0)]. Clinical activity, as measured by DoR
and PFS, was generally consistent in the PSOC groupwith andwithout
a dose reduction (Supplementary Fig. S5A and S5B). Because of limited
sample size, analyses of the impact of dose reduction on clinical activity
was not performed in the PROC group.

Discussion
These phase II results demonstrated that pamiparib is highly active,

with durable responses observed in BRCAmut patients with PSOC and
PROC. Activity observed in Chinese patients with PROC is particu-
larly notable, as this population has not been studied extensively in
trials of PARP inhibitors. Although PARP inhibitors are widely used as
maintenance therapy for patients with PSOC, further investigation of
rechallenge with pamiparib in Chinese patients with PROC who
previously received PARP inhibitor therapy warrants further investi-
gation. The ORRs observed with pamiparib (31.6%) are comparable
with ORRs observed with current treatment options for patients with

Table 4. Treatment-emergent adverse events of any grade (≥10% in the total population) and of grade ≥3 by PSOC and PROC cohorts
and by preprotocol amendment and postprotocol amendment subgroups.

PSOC PROC Total
Preprotocol
amendment

Postprotocol
amendment

(n ¼ 90) (n ¼ 23) (N ¼ 113) (n ¼ 74) (n ¼ 39)
Adverse event All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

Anemia 80 (88.9) 34 (37.8) 21 (91.3) 13 (56.5) 101 (89.4) 47 (41.6) 65 (87.8) 37 (50.0) 36 (92.3) 10 (25.6)
Nausea 61 (67.8) 1 (1.1) 16 (69.6) 0 77 (68.1) 1 (0.9) 48 (64.9) 1 (1.4) 29 (74.4) 0
Decreased neutrophil count 56 (62.2) 28 (31.1) 13 (56.5) 10 (43.5) 69 (61.1) 38 (33.6) 46 (62.2) 29 (39.2) 23 (59.0) 9 (23.1)
Decreased white blood cell
count

54 (60.0) 17 (18.9) 14 (60.9) 5 (21.7) 68 (60.2) 22 (19.5) 44 (59.5) 16 (21.6) 24 (61.5) 6 (15.4)

Vomiting 46 (51.1) 4 (4.4) 11 (47.8) 1 (4.3) 57 (50.4) 5 (4.4) 42 (56.8) 5 (6.8) 15 (38.5) 0
Decreased platelet count 25 (27.8) 4 (4.4) 10 (43.5) 1 (4.3) 35 (31.0) 5 (4.4) 22 (29.7) 2 (2.7) 13 (33.3) 3 (7.7)
Decreased appetite 29 (32.2) 0 5 (21.7) 0 34 (30.1) 0 21 (28.4) 0 13 (33.3) 0
Asthenia 26 (28.9) 1 (1.1) 6 (26.1) 0 32 (28.3) 1 (0.9) 20 (27.0) 1 (1.4) 12 (30.8) 0
Diarrhea 19 (21.1) 3 (3.3) 6 (26.1) 0 25 (22.1) 3 (2.7) 19 (25.7) 1 (1.4) 6 (15.4) 2 (5.1)
Increased AST 20 (22.2) 0 4 (17.4) 1 (4.3) 24 (21.2) 1 (0.9) 15 (20.3) 1 (1.4) 9 (23.1) 0
Decreased lymphocyte count 19 (21.1) 6 (6.7) 5 (21.7) 2 (8.7) 24 (21.2) 8 (7.1) 19 (25.7) 7 (9.5) 5 (12.8) 1 (2.6)
Increased ALT 18 (20.0) 1 (1.1) 5 (21.7) 0 23 (20.4) 1 (0.9) 15 (20.3) 1 (1.4) 8 (20.5) 0
Leukopenia 20 (22.2) 9 (10.0) 3 (13.0) 3 (13.0) 23 (20.4) 12 (10.6) 17 (23.0) 11 (14.9) 6 (15.4) 1 (2.6)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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PROC (12). In addition, results of this study showed durability of
response (median DoR, 11.1 months) and PFS benefit (median PFS,
6.2 months) with pamiparib treatment of patients with PROC. It is
important to note that results of this study represent the first readout
for a PARP inhibitor used to treat Chinese patients with PROC. This is
also the first indication for PARP inhibitor use in this patient pop-
ulation. Although the number of patients with PROC in this study was
small, results of the study suggest that pamiparib may fill an unmet
medical need for this patient population. This is of particular impor-
tance as patients who were sensitive to platinum agents later progress
to becoming resistant to platinum agents, thus increasing the popu-
lation of patients with PROC.

Results of this study showed that pamiparib’s safety profile is similar
to those of other PARP inhibitors in phase II studies of the ovarian
cancer population (13–15). Gastrointestinal and hematologic toxicities
were themost commonly reportedAEs in this study. Anemia, themost
commonly reported hematologic toxicity in the current study, might
be an on-target effect related to PARP2 inhibition and erythrogen-
esis (16). Anemia was the most common reason for dose modification
(69.9%) and was considered related to pamiparib treatment. Although
the overall number of patients who required dose reduction (n¼ 73) or
dose interruption (n¼ 84) tomanage AEs was relatively high, few AEs
led to treatment discontinuation (n ¼ 13, 11.5%) and few patients
discontinued treatment because of anemia (n ¼ 5, 4.4%), indicating
that most patients continued to receive pamiparib while being
managed for hematologic AEs with dose modification or supportive
care. No life-threatening or fatal outcomes related to hematologic
toxicity were reported. Neither myelodysplastic syndrome nor acute
myeloid leukemia were reported, although these events have been
observed with other PARP inhibitors. As expected, most dose
reductions occurred in the first 3 months of treatment. Despite
the high rate of hematologic AEs observed during pamiparib
treatment, the median duration of treatment was 8.3 months (range,
0.1–26.0) and relative dose intensity was 91.2% (range, 41.9–100.0)
in the PSOC population, based on the prescribed dose level,
indicating that patients remained on treatment with high compli-
ance to study protocol.

The relatively high incidence of hematologic AEs was partially a
result of the current study being conducted entirely in China, where
PARP inhibitors for ovarian cancer were only approved in
2018 (17, 18) and medical management of PARP inhibitor–related
hematologic toxicities had become more of a standard practice fol-
lowing the initial 2014 approval of PARP inhibitors in the United
States (19). To better manage the hematologic AEs induced by
pamiparib, a protocol amendment was put into place to more proac-
tively assess and manage hematologic AEs in the current study. The
new dose modification plan required a mandatory dose interruption/
reduction at first occurrence of hemoglobin <9.0 g/dL. Of the total
safety population (N ¼ 113), 74 patients were assessed before the
protocol amendment and 39 patients were assessed after the protocol
amendment. After following this per-protocol proposed dose modi-
fication algorithm, the incidence of grade ≥3 hematologic AEs and
serious hematologic AEs was reduced, as was the use of erythropoietin
and red blood cell transfusions. No patient experienced a hematologic
AE leading to treatment discontinuation after the protocol amend-
ment was put into place. Although hematologic toxicities remained the
most significant safety events observed during study treatment, no
grade ≥3 or serious hemorrhage or infection potentially related to
hematologic toxicity was reported (only one reported case of grade 3
febrile neutropenia unlikely related to study drug). Most hematologic
toxicities were considered manageable and resolved with medical

intervention and close laboratorymonitoring during treatment, which
is also consistent with management of these toxicities that occur with
other PARP inhibitors. Overall, the management of hematologic AEs
was improvedwith amore proactive dosemodification plan and closer
hematologic monitoring.

Pamiparib single-dose and steady-state plasma exposure was
similar to plasma exposure observed in phase I of this study (9).
Plasma exposure after administration of a single dose of pamiparib
in the current study was also similar to plasma exposure observed
in the FIH study (20), but steady-state plasma exposure was
slightly higher.

Clinical studies of PARP inhibitors in patients with advanced
ovarian cancer who had received at least two prior therapies
reported ORRs ranging from 39% with niraparib to 80% with
rucaparib in patients with PSOC and 25% with rucaparib to 30%
with olaparib in patients with PROC (14, 21–25). In the current
study, patients with PSOC who received pamiparib achieved an
ORR of 64.6%, which falls within the range of ORRs reported with
other PARP inhibitors. However, patients with PROC in the current
study achieved an ORR of 31.6%, which falls above the higher end of
the range of ORRs reported with other PARP inhibitors. In the
current study, median PFS was 15.2 months in patients with
PSOC and 6.2 months in patients with PROC, which is in line
with median PFS values reported for the approved PARP inhibitors
(PSOC, 9.4–16.5 months; PROC, 5.5–7.4 months; refs. 14, 21–25).
In addition, patients with PROC who received pamiparib achieved a
DoR of 11.1 months, which also falls above the reported DoR for
other PARP inhibitors (14, 21, 23). This DoR is likely related to
pamiparib not serving as a substrate for P-glycoprotein (7). Of note,
outcomes of these studies cannot be directly compared because of
differences in patient populations and study designs. Hematologic
AEs, including anemia, neutropenia, and thrombocytopenia, were
frequently reported in studies of patients with advanced ovarian
cancer who received PARP inhibitor therapy (14, 21–25).

Pamiparib has potent PARP-trapping activity. Results of in vitro
studies showed that pamiparib inhibits the enzyme activity of PARP1/
2 with half-maximal inhibitory concentrations of 1.3 and 0.92 nmol/L,
respectively (7). The PARP-trapping activity of pamiparib (half-
maximal effective concentration, 13 nmol/L) is similar to that of
olaparib (half-maximal effective concentration, 16 nmol/L), and 30-
fold more potent than veliparib (7). Results of in vivo studies showed
that the antitumor activity against a BRCA1 mutant mouse xenograft
model was 16-fold more potent with pamiparib than with olaparib (7).
In addition, pamiparib has shown strong penetration of the blood–
brain barrier in nonclinical studies (7), which may lead to clinical
benefit for patients with BRCAmut. Results of a large retrospective
analysis of patients with ovarian cancer (N ¼ 4515) showed that a
higher percentage of patients with BRCAmut, compared with BRCA
wild-type, developed brain metastases (3.0% vs. 0.6%; ref. 26). Of note,
acquired resistance to PARP inhibitors has reportedly occurred in
most patients with advanced cancer who are treated with these
agents (4). The acquired resistance may, in part, result from a PARP
inhibitor being a substrate of P-gp (P-glycoprotein) and BCRP
(breast cancer resistance protein; refs. 27–29). Recently reported
evidence has shown that pamiparib is not a substrate of P-
glycoprotein or BCRP (7), thereby preventing potential drug resis-
tance mechanisms commonly observed in other PARP inhibi-
tors (30). An ongoing phase II study (NCT03933761, PRECISE,
ANZGOG 1721/2018) being conducted in Australia is investigating
pamiparib in patients with germline or somatic BRCA1/2-mutant
advanced ovarian cancer who have progressed on P-gp substrate
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PARP inhibitor or chemotherapy. In addition, the bioavailability of
pamiparib is high, with near complete absorption in humans (8, 9).
These prominent differentiation factors of pamiparib may increase
its utility in the treatment of patients with various solid tumors. As
PARP inhibitors are now proving to be useful for much broader
populations of patients with ovarian cancer and those with other
solid tumors, additional studies of pamiparib, including in the
maintenance setting for ovarian cancer (NCT03519230) and in
various other solid tumors, are now under way.
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