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JS001, an anti-PD-1 mAb for advanced triple negative breast
cancer patients after multi-line systemic therapy in a phase | trial
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Background: Triple negative breast cancer (TNBC), as defined by ER, PR and HER2 negative expression
in tumor, has limited treatment options beyond conventional chemotherapy. JS001, a humanized IgG4
antibody for PD-1, has demonstrated acceptable safety profile and preliminary anti-tumor activity in solid
tumors.

Methods: This phase I open-label study is designed to evaluate the safety, tolerability, and antitumor
activity of JS001 in advanced TNBC patients who are refractory to standard systemic therapy. The study has
a 3+3 dose escalation design with planned cohorts at 1, 3, and 10 mg/kg Q2W followed by a dose expansion
cohort at 3 mg/kg. (Clinical Trial ID: NCT02838823).

Results: From August 04, 2016 to October 26, 2017, 20 heavily-pretreated advanced TNBC patients were
enrolled into three dose cohorts (6 in 1 mg/kg, 8 in 3 mg/kg and 6 in 10 mg/kg). As of August 30, 2018, no
DLT was observed and no MTD was reached. No AEs were grade 4 or 5. The most common treatment
related AEs were all grade 1/2. Treatment related grade 3 AEs (15%) included 1 hyponatremia, 1 rash and
1 bronchospasm (infusion related reaction). Among 20 evaluable subjects, the ORR was 5%. One patient in
10 mg/kg group obtained PR, who was PD-L1 strong positive (>50%) in tumor biopsy, with treatment
duration of 12.8 months as of data cutoff. As of follow-up on July 15, 2019, the patient continued PR with
treatment duration of 24 months and still ongoing. Six patients achieved SD, for a DCR of 35%. The
median PFS of all subjects was 1.8 months (95% CI, 1.4 to 4.6). 45% subjects are PD-L1 positive (>1%
cutoff), among whom a 11.1% ORR and a 22.2% DCR were observed.

Conclusions: JS001 exhibited a favorable safety profile in advanced TNBC patients who are refractory
to multi-line systemic therapy. JS001 also showed a moderate response in these TNBC patients who had

limited treatment options.
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Introduction

Triple negative breast cancer (TNBC) is defined by
ER, PR and HER?2 negative in tumor. TNBC is about
15-20% in all types of breast cancer in Asian (1) and more
common in younger women those with BRCA1/2 germline
mutations (2). As lack of specific therapy targets, the
main regimens for advanced TNBC are conventional
chemotherapy (3). The patients with TNBC usually
experienced the chemotherapy of anthracycline and taxane
in adjuvant and/or neoadjuvant stage and platinum-based
regimens as the preference in metastatic disease stage. It’s
lacking novel therapy drugs for these advanced TNBC
patients who is refractory and/or intolerant to standard
systemic therapy. The programmed death 1 (PD-1),
an immune checkpoint receptor expressed on activated
immunocyte, limits autoimmunity by regulating the activity
of effector T cells (4-6). The anti-PD-1 antibody, which
binds PD-1 and blocks the interaction between PD-1 and
its ligands, has demonstrated antitumor activity in multiple
tumor types including metastatic breast cancer, especially
TNBC (7-11). In the phase 1b KEYNOTE-012 trial,
the safety and anti-tumour activity of single-agent PD-1
inhibitor pembrolizumab given in advanced TNBC patients
were evaluated. The result showed an acceptable safety
profile and preliminary evidence of anti-tumour activity (12).

JS001 is the first monoclonal antibody (mAb) against
programmed cell death protein-1 (PD-1) approved
by the China Food and Drug Administration (CFDA)
into the clinical trials. Pre-clinical pharmacological and
pharmacokinetic (PK) data are encouraging and provide
a basis for the JS001 in clinical trials (13). In 2017 ASCO
Annual Meeting (Abstract 3067), a phase I clinical trial
(NCT02836795) about the safety and efficacy of JS001
in advanced solid tumors was reported. JSO01 exhibited a
favorable safety and tolerability profile and promising anti-
tumor activity, especially in previously under-evaluated
acral and mucosal melanomas. In this study, we present the
results from phase I study of single-agent JS001 for patients
with advanced TNBC.

Methods
Study design and population

This study was an open-label, single centre, phase I, dose
escalation study designed to evaluate the safety, tolerability,
and antitumor activity of JS001 in patients with advanced
TNBC (Clinical Trial ID: NCT02838823). The study has
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a 3+3 dose escalation design with planned cohorts at 1, 3,
and 10 mg/kg Q2W followed by a dose expansion cohort
at 3 mg/kg Q2W. Key eligibility requirements included:
age between 18 years and 70 years; estrogen receptor-
negative, progesterone receptor—negative, HER2-negative,
recurrent or metastatic breast cancer which is refractory to
standard systemic therapy; measurable disease according to
Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1; Eastern Cooperative Oncology Group (ECOG)
performance status of 0 to 1; patients were required to have
adequate organ function; any number of prior systemic
treatments. Key exclusion criteria included: prior therapy
with immunologic checkpoint inhibitor; use of anti-tumor
systemic therapy (including steroids and immunotherapy)
within 4 weeks of study entry; active brain metastases
(treated and stable brain metastases were allowed);active
autoimmune disease. The study protocol and all
amendments were approved by the ethics committees at the
institution. All patients signed written informed consent.
The study was conducted in accordance with the Good
Clinical Practice guidelines.

Treatment

Sequential cohorts of at least three and no more than six
patients received JS001 at 1, 3, or 10 mg/kg intravenously
every 2 weeks. Dose-limiting toxicity (DLT) was defined as
a treatment-related grade >3 AE or laboratory abnormality
occurring <28 days postdose. The MTD was the highest
dose at which no more than one of three or six patients
experienced a DLT. Then, after dose escalation period,
other no more than six patients were enrolled at a dose
expansion at 3 mg/kg to confirm safety. Patients without
DLT went on with JS001 therapy until unacceptable toxicity
or disease progression.

Assessments

All patients were evaluated for toxicities based on Common
Terminology Criteria for Adverse Events, version 4.0
(CTCAE4.0) during study treatment. All of Adverse Events
(AE) and Serious AEs were collected for up to 90 days after
the last JS001 dose. Antitumor activity of JS001 was assessed
according to Response Evaluation Criteria in Solid Tumors,
version 4.0 (RECIST 1.1) and immune-related response
criteria (irRC) every 8 weeks. If clinically stable, patients
with first imageology evidence of disease progression
were permitted to continue on JS001 until a second scan

Ann Transl Med 2019;7(18):435 | http://dx.doi.org/10.21037/atm.2019.09.08



Annals of Translational Medicine, Vol 7, No 18 September 2019

performed 4 weeks later confirmed progression. Overall
response rate (ORR), defined as percentage of patients with
a best overall response of complete response (CR) or partial
response (PR). Disease control rate (DCR), defined as the
sum of CR, PR and stable disease (SD). Progression-free
survival (PFS), defined as time from enrollment to disease
progression or death.

PD-L1 expression was assessed in formalin-fixed,
paraffin-embedded archival tumor samples at a central
laboratory using a prototype immunohistochemistry assay
and the antihuman PD-1 RM311 antibody (Cat No.
20171110, Suzhou Junmeng Bioscience Co., LTD, China).
PD-L1 positivity was defined as PD-L1 expression in >1%
tumor cells.

Circulating tumor cells (CTCs) was detected by the
CellCollector device (Cat No. PR11072017-001, GILUPI
GmbH, Germany). It enables a directly in vivo isolation
of CTCs from the vein of patients. The device is exposed
to approximately 1 L of blood during half an hour, which
technically increases the chance to capture CTCs. We used
CellCollector to dynamically collect CTCs and planned to
do CTC PD-L1 test.

Whole exome sequencing (WES) was performed with
Agilent SureSelectX'T" Human All Exon V6 kit (Cat No.
5190-8864, Agilent Technologies Inc, USA) on FFPE tumor
samples. In brief, sufficient amount of DNA was extracted
from unstained FFPE sections with tumor content no less
than 20%, and was fragmented to ~250 bp by sonication.
Library was constructed and hybridization capture was
performed following manufacturer’ instructions. Paired-end
sequencing (2x150 bp) was performed on Illunima NovaSeq
6000. The genomic alterations including single base
substitution, short and long indels, copy number variations,
and gene rearrangement and fusions were assessed. The
tumor mutation burden (TMB) was estimated by counting
somatic mutations including coding base substitution and
indels per megabase of the sequence examined. Driver gene
mutations and known germline alterations in dbSNP were
excluded from the TMB calculation.

Statistical analysis

The comparison of PFS between the two groups
(PD-L1 >21% vs. PD-L1 <1%) was analyzed using the
log-rank test. Statistical test was considered significant
with P<0.05. The Kaplan-Meier method was applied for
delineation of the PFS curve. Statistical analyses were
conducted with available data using SAS version 9.4 (SAS
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Institute Inc., Cary, NC).

Results

Patient characteristics

From August 04, 2016 to October 26, 2017, 20 heavily-
pretreated advanced TNBC patients were enrolled into
three dose cohorts [6 in 1 mg/kg, 8 in 3 mg/kg (3 in dose
escalation and 5 in dose expansion) and 6 in 10 mg/kg]
with median age of 48.5 years (range, 33 to 60 years). 70%
of patients have visceral metastases with poor prognosis.
Median systemic therapy line for metastatic disease prior
to JS001 is 2 (range 0 to 5), with 40% of patients having
received at least three lines. All patients have been treated
with taxanes and 18 patients (90%) have prior platinum-
based chemotherapy (7able 1). Nine patients (45%) had
PD-L1 positive expression (PD-L1 >1%) in tumor samples.

Safety and tolevability

In this study, no DLT was observed and no MTD was
reached. As of August 30, 2018, no AEs were grade 4 or
5. The emergence of AEs is not dose related. The adverse
events (AEs) occurred in at least two patients or > grade
2 occurred in at least one patient were summarized in
Table 2. The most common treatment related AEs were
all grade 1/2, including rash (40%), bone pain and/or
myalgia (30%), pruritus (25%), hypertriglyceridemia (25%),
hypothyroidism (25%), anemia (25%), hyperthyroidism
(20%), AL'T increased (20%), AST increased (20%), flu like
symptoms (20%), decreased appetite (15%), pneumonitis
(10%), thyroid-stimulating hormone (T'SH) increased
(10%), hypertension (10%), hyperglycemia (10%),
thyroid-stimulating hormone (TSH) decreased (10%),
hypocalcemia (10%) and fatigue (10%). Treatment related
grade 3 AEs (15%) included 1 hyponatremia, 1 rash and
1 bronchospasm (infusion related reaction). The patient
developed acute bronchospasm at about 15 seconds of the
first dose (3 mg/kg). Then JS001 infusion was stopped
immediately. About 5 minutes after dexamethasone 5 mg
combination with doxofylline 300 mg were administered,
the symptoms of the patient disappeared. The patient
received JSO01 re-treatment 3 days later with pre-treatment
of dexamethasone 5 mg combination with diphenhydramine
20 mg and didn’t develop bronchospasm again. Three
patients developed SAE. One case was the patient had grade
3 bronchospasm as before. One patient developed grade 2
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Table 1 Patient baseline characteristics
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Variable 1 mg/kg (h=6) 3 mg/kg (n=8) 10 mg/kg (n=6) Total (n=20) PD-L1=1% (n=9) PD-L1 <1% (n=11)
Median age [range] 45 [39-55] 53 [38-60] 50[33-60]  48.5[33-60] 44 [33-51] 53 [38-60]
ECOG PS (n, %)

0 3(50.0) 6 (75.0) 6 (100.0) 15 (75.0) 7(77.8) 8(72.7)

1 3 (50.0) 2 (25.0) 0 5 (25.0) 2 (22.2) 3(27.3)

Metastatic sites (n, %)

Visceral (= nonvisceral) 6 (100.0) 5 (62.5) 3(50.0) 14 (70.0) 7(77.8) 7 (63.6)
Liver 1(16.7) 2(25.0) 2(33.3) 5 (25.0) 3(33.3) 2(18.2)
Lung 5 (83.3) 3(37.5) 1(16.7) 9 (45.0) 3(33.3) 6 (54.5)
Bone 2(33.3) 3(37.5) 2 (33.3) 7 (35.0) 3(33.3) 4 (36.4)
Brain 0 0 0 0 0 0

Nonvisceral only 0 3 (37.5) 3(50.0) 6 (30.0) 2 (22.2) 4 (36.4)

Number of systemic chemotherapy
lines for metastatic disease (n, %)

Median [range] 2.5 [1-5] 2.5 [1-4] 1.5 [0-3] 2 [0-5] 2 [1-4] 2 [0-5]
0 0 0 1(16.7) 1(5.0) 0 1(9.0)

1 2 (33.3) 2 (25.0) 2 (33.3) 6 (30.0) 4 (44.4) 2(18.2)

2 1(16.7) 2 (25.0) 2 (33.3) 5 (25.0) 2 (22.2) 3(27.3)

>3 3 (50.0) 4 (50.0) 1 (16.7) 8 (40.0) 3(33.3) 5 (45.5)
Previous therapy (n, %)

Taxanes 6 (100.0) 8 (100.0) 6 (100.0) 20 (100.0) 9 (100.0) 11 (100.0)

Anthracyclines 6 (100.0) 6 (75.0) 6 (100.0) 18 (90.0) 9 (100.0) 9 (81.8)

Platinum 6 (100.0) 7 (87.5) 5 (83.3) 18 (90.0) 8 (88.9) 10 (90.9)

Capecitabine 4 (66.7) 6 (75.0) 4 (66.7) 14 (70.0) 5 (55.6) 9(81.8)

Vinorelbine 4 (66.7) 4 (50.0) 1(16.7) 9 (45.0) 3(33.3) 6 (54.5)

Gemcitabine 4(66.7) 5 (62.5) 3 (50.0) 12 (60.0) 5 (55.6) 7 (63.6)

pneumonia following 7 doses (3 mg/kg) administered over Antitumor activity

3 months. The patient was treated with JS001 interruption
and steroids for 2 weeks, then pneumonia alleviated
but not disappeared. The other patient experienced
grade 3 rash, grade 2 ALT increased and AST increased,
grade 2 serum adrenocorticotropic hormone (ACTH)
decreased and cortisol decreased, grade 2 papilledema
and hypophosphatemia, grade 1 hypothyroidism and
pituitary involution in MRI following 4 doses (10 mg/kg)
administered about 1.5 months. After JS001 withdrawal
and hormone replacement, the levels of serum ACTH and
cortisol of this patient were improved.

© Annals of Translational Medicine. All rights reserved.

Among 20 evaluable subjects, the ORR was 5%. One
patient in 10 mg/kg group obtained PR with treatment
duration of 55.9 weeks (12.8 months) as of data cutoff. As
of follow-up on July 15, 2019, the patient continued PR
with treatment duration of 24 months and still ongoing.
Six patients achieved SD, for a DCR of 35% (Table 3).
Among these 6 patients, 3 had SD over 6 months, one in
1 mg/kg group discontinued treatment for progression
in lung lesions and the treatment duration of 35.7 weeks
(8.2 months). The other two SD gainers (in 10 mg/kg
group and 3 mg/kg group respectively) remained on study
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Table 2 Treatment-related adverse events that occurred in at least two patients or > grade 2 occurred in at least one patient
1 mg/kg (n=6) 3 mg/kg (n=8) 10 mg/kg (n=6) Total (n=20)

Variable

All grades Grade 3 All grades  Grade 3 All grades Grade 3 All grades  Grade 3
Rash 2 (33.3) 0 2 (25.0) 0 4 (66.7) 1(16.7) 8 (40.0) 1(5.0
Bone pain and/or Myalgia 1(16.7) 0 4 (50.0) 0 1(16.7) 0 6 (30.0) 0
Pruritus 2 (33.3) 0 1(12.5) 0 2 (33.3) 0 5 (25.0) 0
Hypertriglyceridemia 2 (33.3) 0 1(12.5) 0 2 (33.3) 0 5(25.0) 0
Hypothyroidism 0 0 3 (37.5) 0 2(33.3) 0 5(25.0) 0
Anemia 1(16.7) 0 3(37.5) 0 1(16.7) 0 5(25.0) 0
Hyperthyroidism 1(16.7) 0 2 (25.0) 0 1(16.7) 0 4 (20.0) 0
ALT increased 1(16.7) 0 0 0 3 (50.0) 0 4 (20.0) 0
AST increased 1(16.7) 0 0 0 3 (50.0) 0 4 (20.0) 0
Flu like symptoms 2 (33.3) 0 0 0 2(33.3) 0 4 (20.0) 0
Decreased appetite 0 0 1(12.5) 0 2(33.3) 0 3(15.0) 0
Pneumonitis 0 0 1(12.5) 0 1(16.7) 0 2(10.0) 0
Thyroid-stimulating hormone 0 0 1(12.5) 0 1(16.7) 0 2(10.0 0
(TSH) increased
Hypertension 0 0 1(12.5) 0 1(16.7) 0 2(10.0 0
Hyperglycemia 0 0 1(12.5) 0 1(16.7) 0 2 (10.0) 0
Thyroid-stimulating hormone 1(16.7) 0 1(12.5) 0 0 0 2(10.0) 0
(TSH) decreased
Hypocalcemia 1(16.7) 0 0 0 1(16.7) 0 2 (10.0) 0
Fatigue 0 0 1(12.5) 0 1(16.7) 0 2 (10.0) 0
Bronchospasm 0 0 1(12.5) 1(12.5) 0 0 1(5.0 1 (5.0
(Infusion related reaction)
Hyponatremia 0 0 0 0 1(16.7) 1(16.7) 1(5.0 1(5.0
Adrenocorticotropic hormone 0 0 0 0 1(16.7) 0 1(5.0 0
(ACTH) decreased
Cortisol decreased 0 0 0 0 1(16.7) 0 1(5.0 0
Hypophosphatemia 0 0 0 0 1(16.7) 0 1(5.0 0
Papilledema 0 0 0 0 1(16.7) 0 1(5.0 0
Cholesterol high 0 0 1(12.5) 0 0 0 1(5.0 0
White blood cell decreased 0 0 0 0 1(16.7) 0 1(5.0 0
Proteinuria 0 0 1(12.5) 0 0 0 1(5.0 0
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Table 3 Efficacy in patients with advanced TNBC treated with JS001
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Variable 1 mg/kg (n=6) 3 mg/kg (n=8) 10 mg/kg (n=6) Total (n=20) PD-L121% (n=9) PD-L1 <1% (n=11)
CR 0 0 0 0 0 0

PR 0 0 1(16.7) 1 (5.0) 1(11.1) 0

SD 2(33.9) 2(25.0) 2(33.9) 6 (30.0) 1(11.1) 5 (45.5)

PD 4 (66.7) 6 (75.0) 3 (50.0) 13 (65.0) 7(77.8) 6 (54.5)

ORR (%) (95% Cl) 0 (NE to NE) 0 (NE to NE) 16.7 (0.4 to 64.1) 5.0(0.1t024.9) 11.1(0.3t048.2) 0 (NE to NE)
DCR (%) (95% Cl) 33.3 (4.3t077.7) 25.0(3.2t065.1) 50.0(11.8t088.2) 35.0(15.4t059.2) 22.2(2.8t060.0) 45.5(16.7 to 76.6)

Median PFS (95%
Cl, months)*

2.1(09t05.5) 1.7 (1.0to NE)

6-month PFS
rate (%) (95% ClI)

0.0(NEtoNE)  25.0 (3.7 to 55.8)

2.7 (1.8 to NE)

33.3 (4.6 t0 67.6)

18(1.4t04.6) 1.8(1.0t03.7) 2.9 (1.0 to NE)

18.0 (4.8t038.0) 11.1(0.6t038.8) 22.7 (3.8 t0 51.1)

*, group PD-L1 >1% vs. group PD-L1 <1%, P=0.327, HR =1.64 (0.6 to 4.46).

with treatment durations of 63.9 weeks (14.7 months) and
55.9 weeks (12.8 months) respectively as of data cutoff
(Figure I). The median PFS of all subjects was 1.8 months
(95% CI, 1.4 to 4.6), with a 6-month PFS rate of 18% (95%
CI, 4.8% to 38%) (Figure 24). 45% subjects are PD-L1
positive (21% cutoff), among whom a 11.1% ORR and a
22.2% DCR were observed. In PD-L1 positive subgroup,
the median PFS was 1.8 months (95% CI, 1.0 to 3.7), and
meanwhile the median PFS was 2.9 months (95% CI, 1.0 to
NE) in PD-L1 negative subgroup [P=0.327, HR =1.64 (0.6
to 4.46)] (Figure 2B).

The patient who experienced a PR had previously
received anthracycline and taxane as the neoadjuvant/
adjuvant therapy and docetaxel plus capecitabine follow
by single capecitabine for metastatic disease. She had
progress disease after the third cycle of single capecitabine
and then she received JS001 (10 mg/kg) treatment every
2 weeks from July 12, 2017. After 24 weeks, CT evaluation
revealed a remarkable reduction of the pleural metastasis
that reached PR. After 32 weeks CT showed a further
reduction of the disease that confirmed PR (Figure 3A4).
She was PD-L1 strong positive (>50%) in tumor biopsy
(Figure 3B). We used CellCollector to dynamically collect
CTCs from the patient (planned to do CTC PD-L1 test)
on July 12, 2017 and November 15, 2017, unexpectedly
we captured no CTCs from the patient. Tumor genomic
profiling by Agilent whole exome sequencing revealed no
significant single nucleotide variant (SNV) were found,
meanwhile, some significant copy number variants (CNV)
were detected. FBXW?7 gene deletion, CCND2 gene
amplification, FGF23 gene amplification and FGF6 gene

© Annals of Translational Medicine. All rights reserved.

amplification were identified and predominantly associated
with poor prognosis. The tumor sample from this patient
had a tumor mutation burden (TMB) at 4.7 mut/Mb

(Figure 3C).

Discussion

Triple negative breast cancer (TNBC) is a heterogeneous
disease. Different subgroups of TNBC have been identified
on the basis of genomic characteristics. Accordingly, new
targeted therapeutic strategies are developed (14,15). The
proportion of TNBC patients with PD-L1 expression
positive is the highest among all types of breast cancer.
TNBC patients have high concentrations of tumour-
infiltrating lymphocytes, which can induce the tumor-
specific immune response (16). Furthermore, TNBC has
the highest frequency of neoplastic mutations, which might
increase the chance of immunogenic mutations generating
neoantigens (17). All of these are the reasons why TNBC
is regarded as the optimal subtype of breast cancers for
immune checkpoint inhibition therapy. This phase I study is
evaluating the safety and efficacy of the immune checkpoint
inhibitor (anti-PD-1 mAb) JS001 in advanced TNBC
patients who are refractory to multi-line conventional
therapy.

Immune-related adverse events (irAEs) results from
blockade of these immune checkpoints. Common toxicities
involve the endocrine organs, lungs, liver and skin
(18-20). In KEYNOTE-012, the incidence of grade 3 to 5
treatment-related AEs from single-agent pembrolizumab
in advanced TNBC was 15.6% (12). In this study, we
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Figure 1 Tumour response to JS001 (n=20). (A) Change from baseline of target lesions over time. (B) The time on treatment for each

patient and duration of response. Length of bars equals time from treatment initiation to last imaging assessment.

found that JS001 demonstrated an acceptable safety and
tolerability profile. No DLT was observed and no MTD
was reached. No AEs were grade 4 or 5. The emergence
of AEs is not dose related. The most common treatment
related AEs were all grade 1/2. Treatment related grade 3
AEs included 1 hyponatremia, 1 rash and 1 bronchospasm
(infusion related reaction) (15%). All of the irAEs relieved
after JSO001 interruption and steroids treatment. In 2018
ESMO conference, the management of toxicities from
immunotherapy: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-up was issued,
which indicated immunotherapy should be discontinued
immediately, and immunosuppressive or immune
modulating drugs initiated promptly when the patient
developed irAEs (21).

The response of PD-1 inhibitor single-agent in
breast cancer is inferior to that in melanoma and lung

© Annals of Translational Medicine. All rights reserved.

cancer. Pembrolizumab demonstrated an ORR of 18.5%
in KEYNOTE-012 study for advanced TNBC (12).
In KEYNOTE-086 Cohort A study, ORR was 4.7%,
DCR was 7.6% and median PFS was 2 months for
pembrolizumab (22). In this study about JS001, among
20 evaluable subjects, the ORR was 5%. One patients in
10 mg/kg group obtained PR, who was PD-L1 strong
positive (>50%) in tumor biopsy, with treatment duration
of 12.8 months as of data cutoff. As of follow-up on July 15,
2019, the patient continued PR with treatment duration of
24 months and still ongoing. 6 patients achieved SD, for
a DCR of 35%. Among these 6 patients, 3 had SD over
6 months, with the longest at 14.7 months as of data cutoff
and still ongoing. In our study, the ORR of JS001 is lower
than pembrolizumab in KEYNOTE-012. We analyzed the
potential correlative factors including two points. First, all
20 enrolled patients are heavily pretreated. The median
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Figure 2 Kaplan-Meier curves of progression-free survival (PFS) in JS001 treated patients with advanced TNBC. (A) Analysis of three dose

cohorts and total patients. (B) Analysis of PD-L1 positive vs. negative expression patients.

systemic line of the chemotherapy for advanced disease
prior to JS001 is 2 and the most line is 5. All patients had
previously received a taxane, 90% had also been exposed
to platinum and anthracyclines, and the majority had also
been exposed to vinorelbine, capecitabine and gemcitabine.
Second, 70% enrolled patients have visceral disease with
poor prognosis. Without cytotoxic therapy for these
patients may be infeasible, because the disease frequently
progress while waiting for immune checkpoint blockade to
take effect. Nevertheless, we also see three patients have
long time of disease control, which suggest JS001 single
therapy is effective in suitable patient subgroup.

In our study, 45% subjects are PD-L1 positive (>1%
cutoff), among whom a 11.1% ORR and a 22.2% DCR
were observed. The median PFS was 1.8 months in PD-L1

positive subgroup and 2.9 months in PD-L1 negative

© Annals of Translational Medicine. All rights reserved.

subgroup (P=0.327, HR =1.64). However, the patient
obtained PR is the only one with PD-L1 strong positive
(>50%) in tumor biopsy. Does this suggest we can identify
the response patients subgroup of JS001 through PD-L1
high expression? In a phase 3 trial CheckMate 057 (23),
patients with non-squamous NSCLC after failure of first-
line platinum doublet chemotherapy received nivolumab
versus docetaxel. A test for interaction suggested a strong
predictive association between PD-L1 expression and
clinical outcome at all expression levels for all efficacy end
points. Among patients whose tumors expressed PD-L1
(at the >1%, >5%, and >10% expression levels), nivolumab
nearly doubled median overall survival as compared with
docetaxel. In a phase 3 trial KEYNOTE-024 (24), 305
patients who had previously untreated advanced non-small
cell lung cancer INSCLC) with PD-L1 >50% expression
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Gene Alternation type Copy number
FBXW7 Gene deletion 0
CCND2 Gene amplification 6
FGF23 Gene amplification 5

FGF6 Gene amplification 6

TMB 4.7 mut/Mb

Figure 3 The advanced TNBC patient obtained partial response (PR) who received JS001 at a dose of 10 mg/kg, with treatment duration of

55.9 weeks (12.8 months) as of data cutoff. As of follow-up on July 15, 2019, the patient continued PR with treatment duration of 24 months

and still ongoing. (A) CT scan show the pleural metastasis (red arrow) at pretreatment, 24 weeks (PR), 32 weeks (PR confirmation) and

56 weeks (last imaging assessment) respectively. (B) PD-L1 strong positive (>50%) in tumor biopsy (10x) using a prototype

immunohistochemistry assay. (C) Whole exome sequencing (WES) revealed some significant copy number variants (CNV) were detected

and tumor mutation burden (TMB) at 4.7 mut/Mb.

received either pembrolizumab or the platinum-based
chemotherapy. Median PFS was 10.3 versus 6.0 months
(HR =0.50; P<0.001). The estimated rate of overall survival
at 6 months was 80.2% versus 72.4% (HR =0.60; P=0.005).
However, further studies are needed to explore the
correlation between PD-L1 high expression (for example
>50% even higher) and the response to PD-1 inhibitors in
TNBC.

Conclusions

In summary, JSO01 exhibited a favorable safety profile in
advanced TNBC patients who are refractory to multi-line
conventional therapy. JS001 also showed a moderate response
in these TNBC patients who had limited treatment options,
partial patients had disease control for a long time irrespective
of PD-L1 status. Combination of JS001 with chemotherapy
or anti-angiogenesis therapy are being evaluated for future
clinical development in advanced TNBC patients.
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