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Abstract

Background: Strategies to improve activity of immune checkpoint inhibitors for triple-negative breast cancer (TNBC)
are needed. Preclinical studies showed that antiangiogenic agents and poly (ADP-ribose) polymerase (PARP) inhibitors
might sensitize tumors to immunotherapy. Here, we investigated the tolerability, safety, and preliminary antitumor
activity of camrelizumab, an anti-PD-1 antibody, in combination with apatinib, a vascular endothelial growth factor
receptor-2 inhibitor, and fuzuloparib, a PARP inhibitor, in patients with recurrent or metastatic TNBC.

Methods: This phase Ib study included a dose-finding part and a dose-expansion part. In the dose-finding part,

a 3+ 3 dose escalation scheme was introduced. Patients were given camrelizumab (200 mg every 2 weeks) plus
apatinib (375 mg or 500 mg once daily) and fuzuloparib (starting dose 100 mg twice daily) every 28-day cycle. After
evaluation of the tolerability and safety of the dosing regimens, a clinical recommended dose was determined for the
dose-expansion part. The primary endpoint was dose-limiting toxicity (DLT).

Results: A total of 32 patients were enrolled. Three patients received camrelizumab 200 mg + apatinib

375 mg+ fuzuloparib 100 mg, and 29 received camrelizumab 200 mg+ apatinib 500 mg 4+ fuzuloparib 100 mg
(clinical recommended dose). No DLTs were observed in either group. The most common grade > 3 treatment-
related adverse events were decreased white blood cell count (20.7%), hypertension (13.8%), decreased neutrophil
count (10.3%), and increased aspartate aminotransferase (10.3%). Two patients discontinued study treatment due

to immune-mediated hepatitis (n=1) and anemia, decreased platelet count, decreased white blood cell count,
increased alanine aminotransferase, increased aspartate aminotransferase, and increased y-glutamyltransferase (n=1).
One patient died of unknown cause. Two (6.9% [95% Cl, 0.9-22.8]) of 29 patients with camrelizumab 200 mg + apat-
inib 500 mg + fuzuloparib 100 mg had objective response. The disease control rate was 62.1% (95% Cl, 42.3-79.3). The
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median progression-free survival was 5.2 months (95% Cl, 3.6-7.3), and the 12-month overall survival rate was 64.2%

(95% Cl, 19.0-88.8).

Conclusions: Combination of camrelizumab plus apatinib and fuzuloparib showed manageable safety profile and
preliminary antitumor activity in patients with recurrent or metastatic TNBC.

Trial registration: ClinicalTrials.gov NCT03945604 (May 10, 2019).
Keywords: Camrelizumab, Apatinib, Fuzuloparib, TNBC, PARP, VEGFR, PD-1, Triple-negative breast cancer,

Immunotherapy

Background

Triple-negative breast cancer (TNBC), which is char-
acterized by negative expression of the estrogen recep-
tor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), accounts for
approximately 15% of all breast cancers [1]. TNBC is an
aggressive disease with higher rates of recurrence and
metastasis than other breast cancer subtypes [2].

Due to the lack of molecular biomarkers in TNBC,
taxane- and anthracycline-based chemotherapy remains
the major standard-of-care in the (neo)-adjuvant, recur-
rent or metastatic setting [3, 4]. New agents with better
therapeutic effects are greatly needed. The introduction
of immunotherapy has changed the treatment paradigm
in many cancer types [5]. However, immune checkpoint
inhibitors alone fail to prolong overall survival (OS) com-
pared with chemotherapy in previously treated meta-
static TNBC [6]. Tumor response to immune checkpoint
inhibitors depends on the tumor microenvironment, and
tumor angiogenesis contributes to the construction of
an immunosuppressive microenvironment by decreas-
ing the abundance and function of antitumor lympho-
cytes, inhibiting dendritic cell maturation, and activating
regulatory T cells [7-10]. Therefore, it is hypothesized
that inhibition of angiogenesis may sensitize tumors to
immunotherapy, and addition of antiangiogenic agents
to programmed cell death-1 (PD-1) inhibitors could
result in an improved antitumor response in breast can-
cer [11, 12]. A previous study showed that the combina-
tion of camrelizumab (a humanized anti-PD-1 antibody)
and apatinib (an oral vascular endothelial growth factor
receptor-2 [VEGFR-2] tyrosine kinase inhibitor) dem-
onstrated a favorable objective response rate (ORR)
compared with either as monotherapy in patients with
advanced TNBC [13].

Poly (ADP-ribose) polymerase-1 (PARP-1) is a central
enzyme that functions in the repair of DNA single-strand
breaks [14]. Breast cancers with germline BRCAI and/
or BRCA2 mutations have defects in the repair of DNA
double-strand breaks by means of homologous recom-
bination and are sensitive to PARP inhibitors through
synthetic lethality [15-17]. TNBC shares similar gene
expression characteristics with tumors derived from

germline BRCA1 mutation carriers, and deficiency in
DNA damage repair is considered a hallmark of some
triple-negative tumors [18—20]. However, PARP inhibi-
tor monotherapy has shown no evidence of benefit in
patients with late-stage metastatic TNBC [21]. On the
basis of the evidence above, we speculated that combin-
ing immune checkpoint inhibitor with antiangiogenic
agent and PARP inhibitor might have a synergistic effect
for the treatment of TNBC. Here, we report the toler-
ability, safety, preliminary antitumor activity, and phar-
macokinetics of camrelizumab in combination with
apatinib and fuzuloparib, an orally active PARP inhibitor,
in patients with recurrent or metastatic TNBC.

Methods

Study design and patients

This open-label, multicenter, dose-finding and dose-
expansion phase Ib study was conducted to investigate
the tolerability, safety, preliminary antitumor activity, and
pharmacokinetics of the combination therapy in patients
with recurrent or metastatic TNBC (ClinicalTrials.
gov identifier NCT03945604). Eligible patients were
female and 18 years of age or older and had histologi-
cally confirmed recurrent or metastatic TNBC (defined
as lack of ER and PR expression by immunohistochem-
istry [IHC positive tumor cells<1%] and HER2 negativ-
ity [IHC 0/14, or IHC 2+ but negative by fluorescence
in situ hybridization/chromogenic in situ hybridization]).
Patients had received previous taxane- or anthracycline-
based chemotherapy in the (neo)-adjuvant, recurrent, or
metastatic setting and had disease progression during or
after systemic treatment in the recurrent or metastatic
setting. Patients who had received taxane- or anthracy-
cline-based chemotherapy in the (neo)-adjuvant setting
and refused to receive chemotherapy for recurrent or
metastatic disease were allowed. No more than 2 prior
lines of chemotherapy in the recurrent or metastatic set-
ting were permitted. Previous platinum-based chemo-
therapy for recurrent or metastatic disease was allowed
if at least 4 cycles had been administered, with clear evi-
dence of tumor stability or regression during treatment.
Additional inclusion criteria included an Eastern Coop-
erative Oncology Group (ECOG) performance status
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of 0 or 1, at least one measurable lesion according to
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1, a life expectancy of at least 12 weeks, and
adequate organ function. Exclusion criteria were active
or history of autoimmune disease; use of systemic immu-
nosuppressive agents within 4 weeks before study entry;
allergy to other monoclonal antibodies; untreated active
brain metastases; prior treatment with anti-PD-1 anti-
body, anti-PD-L1 antibody, apatinib, or PARP inhibitors;
completion of prior chemotherapy or surgery within the
previous 4 weeks, palliative radiotherapy within the pre-
vious 2 weeks, or oral targeted therapy within 5 half-lives
before study entry, or adverse events from previous ther-
apy that had not resolved to grade <1.

The trial was performed in accordance with the Decla-
ration of Helsinki and the International Council for Har-
monization Good Clinical Practice. The study protocol
was approved by the independent ethics committee at
each site. All patients provided written informed consent
before enrollment.

Treatment and assessments

This study included a dose-finding part and a dose-
expansion part. In the dose-finding part, a 3+3 dose
escalation scheme was introduced. Patients were given
camrelizumab (fixed dose 200 mg intravenously every
2 weeks) plus apatinib (starting dose 375 mg orally once
daily) and fuzuloparib (starting dose 100 mg orally twice
daily) every 28-day cycle. If two or more out of the first
three to six patients experienced dose-limiting toxicity
(DLT) during cycle 1, dose de-escalation of fuzuloparib
(to 80 mg twice daily) or apatinib (to 250 mg once daily)
was planned after taking into consideration of the DLT
and apatinib plasma concentration observed in the first
cycle. If fewer than two of six patients experienced DLT
during cycle 1, this dosage was considered tolerable, and
the decision of whether to escalate the dose of apatinib
to 500 mg once daily was made on the basis of the DLT,
safety, and apatinib plasma concentration seen during the
first cycle. After comprehensive evaluation of the toler-
ability and safety of the dosing regimens, a clinical rec-
ommended dose was determined for the dose-expansion
part. In the dose-expansion part, 21 patients were admin-
istered the recommended dose. If four or more respond-
ers among the 21 patients were identified by imaging
assessment, enrollment would continue to 34 patients.
Treatment continued until disease progression, intoler-
able adverse events, start of new antitumor treatment,
withdrawal of consent, or loss to follow-up.

Adverse events were monitored throughout the study
treatment from informed consent until 90 days after the
last camrelizumab dose or 30 days after the last apatinib
or fuzuloparib dose, whichever occurred later, and were
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graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version
5.0. Radiographic assessment was performed by com-
puted tomography (CT) or magnetic resonance imaging
(MRI) according to RECIST version 1.1 at baseline and
every two cycles. Complete or partial responses were
confirmed 4 weeks later. Blood samples for pharmacoki-
netic analysis of apatinib and fuzuloparib were collected
in all patients enrolled in the dose-finding part and in six
to eight patients enrolled in the dose-expansion part. To
evaluate the pharmacokinetic data of single-agent apat-
inib, patients intended for pharmacokinetic analysis were
given apatinib alone 3 days before combination treatment
initiation. Blood samples were collected 30 min pre-dose,
30 min, 1 h,2h,3 h,4 h,8h, 12 h, and 24 h post-dose on
day — 3 of cycle 0 and day 1 of cycle 1.

Definition of DLT

DLT was defined as any of the following adverse events
related to the study medicines according to investigator
opinion and was documented during the first cycle in
the dose-finding part: grade 4 hematological toxicities,
grade >3 thrombocytopenia with bleeding, or grade >3
febrile neutropenia (38.5 °C); grade >3 non-hematolog-
ical toxicities (excluding laboratory abnormalities and
grade 3 hypertension, rash, diarrhea, nausea and vomit-
ing that were well controlled by treatment); grade > 3 lab-
oratory abnormalities leading to hospitalization lasting
7 days or longer; toxicities resulting in failure to complete
2 doses of camrelizumab during the first cycle or a cam-
relizumab administration delay of at least 3 days in cycle
2; and toxicities causing cumulative dose interruption of
apatinib or fuzuloparib for at least 7 days.

Endpoints

The primary endpoint was DLT in cycle 1. The secondary
endpoints were safety, antitumor activity (ORR, defined
as the percentage of patients achieving a confirmed com-
plete response or partial response per RECIST version
1.1; duration of response [DOR, defined as time from the
first documented confirmed objective response to pro-
gressive disease or death, whichever occurred earlier];
disease control rate [DCR, defined as the percentage of
patients with complete response, partial response, and
stable disease]; progression-free survival [PFS, defined as
the time from treatment initiation to documented pro-
gressive disease or death, whichever occurred earlier];
and 12-month OS rate), and pharmacokinetics of apat-
inib and fuzuloparib, including maximum plasma con-
centration (C,,,), time to C,,, (f,,.), and area under the

ax: max
plasma concentration time curve (AUC).
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Statistical analyses

The dose-finding part followed a 3+ 3 scheme. For the
dose-expansion part, Simon’s two-stage minimax design
was employed. Assuming an unacceptable ORR of 15%
and an expected ORR of 35%, with a two-sided alpha of
0.05 and 80% power, 21 patients (including those who
received the recommended dose in the dose-finding
part) were planned in the first stage. If four or more
responses were observed after the first tumor response
assessment, the study proceeded to stage 2 and enroll-
ment was expanded to 34 patients (including patients
who received the recommended dose in the dose-finding
part). The study would be deemed promising if 12 or
more responses were observed among the 34 patients.
Considering a dropout rate of 15%, a total of 40 patients
were required for the dose-expansion part.

Safety and antitumor activity analyses were performed
in all patients who received at least one dose of the study
treatment. Continuously distributed data were summa-
rized as mean (standard deviation) or median (range).
Categorical data were summarized by the number and
percentage of patients in each category. Adverse events
were summarized descriptively. Two-sided 95% confi-
dence intervals (CIs) for ORR and DCR were calculated
using the Clopper-Pearson method. The PFS, DOR, and
12-month OS rate and their corresponding 95% Cls were
estimated using the Kaplan—Meier method. Analyses of
safety and antitumor activity were performed with SAS
version 9.4. Pharmacokinetic parameters were descrip-
tively summarized with non-compartmental analysis
using WinNonlin (version 8.2).

Results

Patient baseline characteristics and distribution

Between June 04, 2019, and August 25, 2020, a total of
32 patients with recurrent or metastatic TNBC were
enrolled, with six patients in the dose-finding part and 26
in the dose-expansion part. In the dose-finding part, three
patients each received camrelizumab 200 mg- apat-
inib 375 mg+fuzuloparib 100 mg and camrelizumab
200 mg+apatinib 500 mg+ fuzuloparib 100 mg, respec-
tively, and no DLTs were recorded in either group. Thus,
camrelizumab 200 mg+ apatinib 500 mg+ fuzuloparib
100 mg dosing regimen was recommended for the dose-
expansion part. As of data cutoff on February 9, 2021,
the median follow-up duration was 7.7 months (range,
0.4-20.0) in all patients. Three patients with camreli-
zumab +apatinib 500 mg+ fuzuloparib remained on
study treatment. The baseline characteristics are summa-
rized in Table 1. The median age was 42 years in patients
with camrelizumab +apatinib 375 mg+ fuzuloparib
and 54 years in patients with camrelizumab + apatinib
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500 mg -+ fuzuloparib. Ten (31.3%) of the 32 patients had
an ECOG performance score of 1.

Safety

All patients were evaluable for safety. In the camre-
lizumab +apatinib 375 mg+ fuzuloparib group, the
median duration of exposure for camrelizumab was
2.4 months (range, 1.9-3.3), the median duration of
exposure for apatinib was 2.1 months (range, 1.9-3.2),
and the median duration of exposure for fuzuloparib was
2.1 months (range, 1.9-3.2). In the camrelizumab + apat-
inib 500 mg+ fuzuloparib group, the median duration
of exposure was 4.2 months for camrelizumab (range,
0.5-16.7), the median duration of exposure for apatinib
was 4.1 months (range, 0.3—-16.7), and the median dura-
tion of exposure for fuzuloparib was 4.1 months (range,
0.3-16.7). Adverse events of any cause were reported
in all patients. Grade>3 treatment-related adverse
events (TRAEs) occurred in one (vomiting) of three
patients in the camrelizumab + apatinib 375 mg+ fuzu-
loparib group and 17 (58.6%) of 29 patients in the cam-
relizumab + apatinib 500 mg+ fuzuloparib group. In the
camrelizumab + apatinib 500 mg+ fuzuloparib group,
the most common TRAEs of grade 3 or higher were
decreased white blood cell count (20.7%), hyperten-
sion (13.8%), decreased neutrophil count (10.3%), and
increased aspartate aminotransferase (10.3%) (Table 2).
Adverse events leading to discontinuation of study treat-
ment were reported in two patients (6.9%; immune-
mediated hepatitis in one patient and anemia, decreased
platelet count, decreased white blood cell count,
increased alanine aminotransferase, increased aspartate
aminotransferase, and increased y-glutamyltransferase
in the other patient) in the camrelizumab + apatinib
500 mg+ fuzuloparib group, and no patients discontin-
ued study treatment due to adverse events in the camre-
lizumab + apatinib 375 mg+ fuzuloparib group. Adverse
events led to dose modification in no patients with cam-
relizumab + apatinib 375 mg+ fuzuloparib and four
patients with camrelizumab + apatinib 500 mg+fuzulo-
parib (13.8%; decreased white blood cell count [n=2],
increased y-glutamyltransferase, decreased neutrophil
count, and left ventricular dysfunction [z=1 each]).
Dose interruption because of adverse events occurred in
one (33.3%) and 13 patients (44.8%) in the two groups,
respectively (Additional file 1: Table S1). One patient
(3.4%) in the camrelizumab + apatinib 500 mg+ fuzulo-
parib group died, but the cause of death was unknown,
which was deemed possibly related to the study treat-
ment. Immune-mediated adverse events were recorded
in one patient (33.3%) with camrelizumab + apatinib
375 mg+ fuzuloparib and 15 patients (51.7%) with cam-
relizumab + apatinib 500 mg+ fuzuloparib (Additional
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Camrelizumab + fuzuloparib + apatinib 375 mg Camrelizumab + fuzuloparib + apatinib

(n=3) 500 mg (n=29)

Age, median (range), years 42 (37-49) 54 (39-72)
ECOG performance status

0 2 (66.7) 20 (69.0)

1 1(333) 9(31.0)
Metastasis

Yes 0 4(13.8)

No 3(100.0) 22 (75.9)

Unknown 0 3(10.3)
Previous neo-(adjuvant) chemotherapy

Yes 3(100) 29 (100)

No 0 0
Previous palliative chemotherapy

Yes 3(100.0) 15(51.7)

No 0 14 (48.3)
No. of prior palliative therapies

1 2 (66.7) 9(31.0)

2 3(103)

3 1(33.3) 2(69)

4 0 1(34)
Previous taxane and anthracycline treatment

Taxane 3(100.0) 28 (96.6)

Anthracycline 3(100.0) 27 (93.1)

Data are n (%) or otherwise indicated. ECOG Eastern Cooperative Oncology Group

file 1: Table S2). Grade 3 or higher immune-mediated
adverse events occurred in 0 and three patients (10.3%;
immune-mediated hepatitis and death [#=1], immune-
mediated dermatitis [#=1], drug-induced liver injury
[n=1]), respectively.

Efficacy

All 29 patients who received camrelizumab + apatinib
500 mg+ fuzuloparib were included in the efficacy analy-
sis set. At data cutoff, two (6.9% [95% CI, 0.9-22.8]) of
29 patients had confirmed objective responses. The
study did not meet the criteria for further enrollment,
and recruitment was halted. Changes in tumor burden
are shown in Fig. 1A. At data cutoff, one responder had
a duration of response lasting 5.1 months, and the other
response lasted 3.7 months and remained ongoing. The
best percentage reductions in tumor size from baseline
of the two responders were 79% and 39%, respectively
(Fig. 1B). Two additional responses were unconfirmed,
and the unconfirmed objective response rate was 13.8%
(95% CI, 3.9-31.7). Sixteen patients had stable dis-
ease, and the DCR reached 62.1% (95% CI, 42.3-79.3).
The median PFS was 5.2 months (95% CI, 3.6-7.3)
(Fig. 2). Long-lasting PES was observed in two patients,

with one PFS lasting 20.4 months and the other lasting
13.0 months. Five patients died, and the median OS was
not reached. The 12-month OS rate was 64.2% (95% CI,
19.0-88.8). One patient in the camrelizumab + apatinib
500 mg+ fuzuloparib group had germline BRCAI muta-
tions, and the best overall response was stable disease.

Pharmacokinetics

The pharmacokinetic parameter analysis demonstrated
that the absorption of apatinib was fast, with a median
Lmax Of 2.0 h both after single dosing (day — 3 of cycle 0)
and combined dosing with fuzuloparib (day 1 of cycle
1). The median ¢, for fuzuloparib was 3.0 h. Apatinib
exposure (C,,, and AUC, ,,) increased as the dose level
increased from 375 to 500 mg after both single-agent
dosing and combined administration with fuzuloparib
(Table 3). Fuzuloparib exposure in terms of C,, and
AUC, ,, was similar between groups.

Discussion

This phase Ib study aimed to investigate the tolerabil-
ity, safety, preliminary antitumor activity, and pharma-
cokinetic parameters of camrelizumab plus apatinib
and fuzuloparib in patients with recurrent or metastatic
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Table 2 Treatment-related adverse events occurring in at least 10% of patients in either group

Preferred term

Camrelizumab -+ fuzuloparib + apatinib

Camrelizumab + fuzuloparib + apatinib

375mg (n=3) 500 mg (n=29)

All grade Grade>3 All grade Grade>3
White blood cell count decreased 2 (66.7) 0 17 (58.6) 6(20.7)
Neutrophil count decreased 1(33.3) 0 15(51.7) 3(103)
Platelet count decreased 0 0 13 (44.8) 2 (6.9)
Aspartate aminotransferase increased 2 (66.7) 0 12 (414) 3(10.3)
Hypertension 0 0 12 (414) 4(13.8)
Alanine aminotransferase increased 2(66.7) 0 10 (34.5) 1(34)
Blood bilirubin increased 0 0 9(31.0) 0
Nausea 1(33.3) 0 8(27.6) 0
Asthenia 1(33.3) 0 8(27.6) 0
Hypothyroidism 1(33.3) 0 7(24.1) 0
Anemia 0 0 7(24.1) 26
Blood pressure increased 1(33.3) 0 6 (20.7) 13
Vomiting 2(66.7) 1(33.3) 5(17.2) 0
Diarrhea 1(33.3) 0 4(13.8) 0
Blood creatinine increased 0 0 4(13.8) 0
Blood lactate dehydrogenase increased 0 0 4(13.8) 0
Sinus tachycardia 0 0 4(13.8) 0
Gamma-glutamyltransferase increased 1(33.3) 0 3(10.3) 1(34)
Blood thyroid stimulating hormone increased 0 0 3(103) 0
Blood creatine phosphokinase increased 0 0 3(103) 0
Tri-iodothyronine free decreased 0 0 3(10.3) 0
Decreased appetite 1(33.3) 0 3(103) 0
Rash 0 0 3(103) 0
Proteinuria 2 (66.7) 0 1(3.4) 0
Hypersensitivity 1(33.3) 0 1(34) 0
Tri-iodothyronine decreased 1(333) 0 134 0
Infusion related reaction 1(33.3) 0 0 0
Nasopharyngitis 1(333) 0 0 0
Eczema 1(33.3) 0 0 0

Data are n (%)

TNBC. To our knowledge, this is the first reported study
to evaluate the combined blockade of PD-1, VEGFR, and
PARP for TNBC. Among the two dosing regimens in the
dose-finding part, no DLTs were reported, and camreli-
zumab 200 mg+ apatinib 500 mg+ fuzuloparib 100 mg
was established as the clinical recommended dose.

The adverse events in our study were generally accept-
able. In a previous phase II trial, camrelizumab 200 mg
every 2 weeks combined with apatinib 250 mg once
daily showed a manageable safety profile in patients with
advanced TNBC [13]. In the present study, an escalated
dose of apatinib (500 mg vs. 250 mg) and the addition of
fuzuloparib elevated the risk of grade >3 TRAEs (58.6%
vs. 26.7%) compared with reports from the phase II trial.
However, the TRAE profile was similar between the two

trials, with no new safety signals observed [13]. In addi-
tion, only two patients discontinued study treatment
due to adverse events in the camrelizumab + apatinib
500 mg+ fuzuloparib group. Most of the TRAEs of grade
3 or higher were hematological adverse events, with the
most frequently reported ones being decreased white
blood cell count, hypertension, decreased neutrophil
count, and increased aspartate aminotransferase [13].
Notably, hand-foot syndrome and proteinuria, which
were among the most common TRAEs of apatinib, had
a low incidence in our trial. The underlying mechanism is
unknown, and this finding requires future investigation.
TNBC has a poor prognosis in the recurrent or meta-
static setting [2]. Immune checkpoint inhibitors alone
show limited efficacy [22]. Therefore, combination
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Fig. 1 Tumor response. A Best percentage change in sum of diameters of the target lesion from baseline in individual patients. B Treatment
duration and tumor response. Asterisk (*) symbol represents patients with a partial response

strategies urgently need to be developed to improve
the therapeutic outcomes of TNBC. PARP inhibitor-
mediated dysfunction in DNA damage repair may
result in increased mutation load and neoantigen bur-
den, which can increase PD-L1 expression and render
tumor cells response to immune checkpoint inhibitors
[23, 24]. Therefore, combining PARP inhibitors with
immune checkpoint inhibitors seems to be a reason-
able approach. In the phase I/II MEDIOLA trial, olapa-
rib plus durvalumab showed a DCR of 80% at week 12
and 50% at week 28 and an ORR of 63% at week 12 in
patients with germline BRCA-mutated metastatic HER2-
negative breast cancer [25]. In the phase II TOPACIO

trial, niraparib plus pembrolizumab showed clinical ben-
efit (ORR, 21%; DCR, 49%; median PFS, 2.3 months) in
patients with advanced or metastatic TNBC irrespective
of BRCA mutation status, although the antitumor activ-
ity was better in patients with BRCA mutation than in
those with BRCA wild-type tumors (ORR, 47% vs. 11%;
DCR, 80% vs. 33%; median PFS, 8.3 vs. 2.1 months) [26].
Mounting evidence has confirmed the antitumor activity
of PARP inhibitors plus anti-PD-1/PD-L1 antibodies in
various types of cancers.

Based on the preclinical rationale, we expected that the
combination of a VEGFR inhibitor with a PARP inhibi-
tor and an immune checkpoint inhibitor would further
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Fig. 2 Kaplan—Meier curve for progression-free survival in patients with camrelizumab plus apatinib 500 mg and fuzuloparib
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modulate the tumor microenvironment and activate
antitumor immunity. However, this combination showed
limited antitumor activity in patients with recurrent or
metastatic TNBC in the present study. Two of the 29
patients with camrelizumab + apatinib 500 mg+ fuzu-
loparib had an objective response. In contrast to our
results, the combination of camrelizumab 200 mg every
2 weeks with apatinib 250 mg once daily showed an ORR
of 43.3% (95% CI, 25.5-62.6) [13]. Previous research
showed that a low dose of anti-VEGF therapy resulted in
vascular normalization and improved antitumor immu-
nity, while a high dose induced hypoxia and an immu-
nosuppressive tumor microenvironment [11, 27, 28].
The low response rate in our study might be attributed
to the high dose level of apatinib. However, we observed
a comparable DCR (63.3% vs. 62.1%), longer median PFS

(5.2 months vs. 3.7 months), and higher 12-month OS
rate (64.2% vs. 42.2%) between our study and the study
with camrelizumab and low dose apatinib in patients
with advanced TNBC [13]. However, these data should
be interpreted cautiously given the difference in patient
selection and study design. Future studies are warranted
to investigate the optimal dosing regimen of this combi-
nation and better understand the molecular mechanisms.

In the present study, apatinib exposure increased
with increasing doses, which was consistent with pre-
vious reports [29]. Apatinib exposure was comparable
before and after co-administration with fuzuloparib.
However, due to the small sample size, future investiga-
tion is needed to further confirm this conclusion.

The major limitation of the study is the lack of bio-
marker analysis. Identification of biomarkers is

Table 3 Pharmacokinetic parameters of apatinib and fuzuloparib on day — 3 of cycle 0 and day 1 of cycle 1

Apatinib

Fuzuloparib

Camrelizumab + fuzuloparib  Camrelizumab + fuzuloparib
+ apatinib 500 mg (n=8)

+ apatinib 375 mg (n=3)

Camrelizumab + fuzuloparib
+ apatinib 375 mg (n=3)

Camrelizumab + fuzuloparib
+ apatinib 500 mg (n=28)

Day—3of cycle0

Conme NG/ML 291 (80.4) 576 (362)

fme D 2.0 (2.0-80) 20(1.0-8.0)

AUCq24/015 h X ng/mL? 2710 (109) 4120 (2140)
Day 1 of cycle 1

Conme NG/ML 420 (340) 709 (601)

frme D 2.0 (1.0-80) 20(1.0-8.0)

AUCy54/0.12 N X Ng/mL? 1510 (1630) 4220 (2730)

2720 (348) 3740 (1770)
3.0(2.0-3.0) 30(0-79)
21,200 (2330) 25,800 (17,900)

2 For apatinib, AUC,_,, was reported; for fuzuloparib, AUC,_;, was reported. Data are mean (standard deviation) or median (range)

Abbreviations: C,

‘max Maximum plasma concentration, t,,,, time to C .., AUC area under the plasma concentration time curve
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important for treatment strategy development. A
recently published biomarker analysis study showed
that famitinib (an angiogenesis inhibitor) plus camre-
lizumab and chemotherapy had an impressive clini-
cal benefit in patients with CD8-positive advanced
TNBC, with an ORR of 81.3% and a median PES of
13.6 months, and those with CD8- and PD-L1-positive
tumors benefit more from this regimen [30]. However,
combining anti-PD-1/PD-L1 antibody with anti-angi-
ogenesis agent showed clinical benefit irrespective of
PD-L1 expression in several other tumor types [31-—
33]. The prognostic value of PD-L1 in patients with
advanced TNBC who received immunotherapy plus
anti-angiogenesis needs further investigation. In addi-
tion, BRCA-mutant tumors are more likely to respond
to PARP inhibitors in combination with immune
checkpoint inhibitors [26]. However, the small num-
ber (only one patient) of BRCA-mutant patients in our
study precluded firm conclusions about the efficacy of
PARP inhibitor in BRCA-mutant patients. Future stud-
ies with biomarker analysis are warranted to identify
patients who would benefit most from this combination
regimen.

Conclusions

Camrelizumab plus apatinib and fuzuloparib showed
manageable safety profile in patients with recurrent or
metastatic TNBC. Although the ORR was low in this
study, the DCR and PFS were promising. Future stud-
ies are needed to optimize the dosing regimen of this
combination therapy.
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