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Abstract
Background: The combination of anti-PD-1 antibody serplulimab and
chemotherapy is considered standard first-line therapy for advanced esophageal
squamous cell carcinoma (ESCC), but few later-line treatments are available.
Here we evaluated the therapeutic efficacy of the recombinant, humanized
anti-EGFR antibody HLX07 when used alone or together with serplulimab and
chemotherapy against advanced ESCC.
Methods: This open-label, non-randomized, two-cohort, phase 2 trial involved
patients 18-75 years old with histologically or cytologically confirmed locally
advanced, unresectable, or metastatic ESCC, and an Eastern Cooperative
Oncology Group performance status of 0-1. Patients who had failed first-line
immuno-chemotherapy or at least two lines of other systemic therapy received
HLX07 monotherapy intravenously at a dose of 1,000 mg once every 2 weeks
(Q2W). Patients with no prior systemic therapy received HLX07 (1,000 mg, day
1) and serplulimab (200 mg, day 1) intravenously Q2W for up to 2 years, con-
currently with cisplatin (50mg/m2, day 1) for up to 8 cycles and 5-fluorouracil
(1,200mg/m2, days 1-2) for up to 12 cycles intravenously Q2W. The primary
endpoints were progression-free survival (PFS) and objective response rate
(ORR).
Results: Overall, 50 patients were enrolled. In the HLX07 monotherapy group,
ORRwas 15.0% (3/20), and themedian PFSwas 1.5months (95% confidence inter-
val [CI], 1.3 to 3.7). The median duration of response was not reached, and the
rate of patients showing an objective response lasting at least 6months was 66.7%
(95% CI, 5.4 to 94.5). Two (10.0%, 2/20) patients experienced grade 3-4 treatment-
related adverse events (TRAEs), including hypomagnesemia, hypocalcemia, and
fatigue. No patient experienced grade 5 TRAEs. In the HLX07 combination
group, the ORR was 60.0% (18/30), and the median PFS was 7.8 months (95% CI,
3.3 to 9.1). Fourteen (46.7%, 14/30) patients experienced grade 3-4 TRAEs, and
one (3.3%, 1/30) patient died due to serplulimab-related pneumonitis.
Conclusions: HLX07 monotherapy and its combination with serplulimab and
chemotherapy showed manageable toxicity and promising antitumor activity in
patients with recurrent or metastatic ESCC. Randomized controlled trials are
warranted to further establish the safety and efficacy of HLX07 against ESCC.
Trial registration: This trial was registered at Clinicaltrials.gov (NCT05221658).

KEYWORDS
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1 BACKGROUND

Esophageal cancer (EC) is the tenth most common can-
cer and sixth most common cause of cancer-related death
worldwide [1]. The predominant histological subtypes
are squamous cell carcinoma and adenocarcinoma, with
esophageal squamous cell carcinoma (ESCC) account-

ing for 85% of EC cases globally [2]. As the symptoms
of early-stage ESCC tend to be subtle, most patients
are diagnosed at an advanced stage, when the progno-
sis remains poor. Despite recent advances in systemic
therapy, treatment outcomes of ESCC remain dismal,
with an overall 5-year survival rate of approximately 20%
[3, 4].
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The standard first-line systemic therapy for previously
untreated recurrent or metastatic ESCC is the blockade
of programmed cell death protein 1 (PD-1) in combina-
tion with chemotherapy [5–7]. In a randomized phase 3
trial, we demonstrated the superiority of a first-line com-
bination of the anti-PD-1 antibody serplulimab (formerly
known as HLX10) with cisplatin and 5-fluorouracil (FP)
over placebo plus FP in terms of median progression-free
survival (PFS) (5.8 months vs. 5.3 months; hazard ratio
[HR]= 0.60; 95% confidence interval [CI], 0.48 to 0.75) and
median overall survival (OS) (15.3 months vs 11.8 months;
HR 0.68, 95% CI 0.53 to 0.87) [8]. However, patients with
recurrent or metastatic ESCC who do not respond to first-
line PD-1 inhibitors plus chemotherapy have few treatment
options. Investigations for more effective first-line and sal-
vage treatments are needed. Angiogenesis inhibitors such
as anlotinib and apatinib, which mainly target the vas-
cular endothelial growth factor receptor (VEGFR), have
been explored recently [9, 10]. However, these drugs have
not been proven to prolong OS in randomized phase 3 tri-
als involving patients with recurrent or metastatic ESCC.
Hence, they have not received clinical approval for this
patient population.
About 50-70% of ESCC cases overexpress the epider-

mal growth factor receptor (EGFR) protein, indicating that
targeting EGFR could be a promising strategy [11–14]. In
a randomized phase 3 trial, the EGFR tyrosine kinase
inhibitor gefitinib significantly improved PFS but did
not improve OS as a potential second-line therapy for
chemoresistant EC [15]. Regarding anti-EGFRmonoclonal
antibody treatment, only one phase 1b trial demonstrated
a moderate antitumor efficacy of the anti-human EGFR
monoclonal antibody SCT200 as monotherapy in patients
with recurrent or metastatic ESCC [16]. A randomized
phase 2 trial showed that cetuximab (an anti-EGFR anti-
body) with FP in first-line, compared with FP alone,
could improve response rate and median OS of advanced
ESCC patients [12]. Therefore, further investigation of
anti-EGFR monoclonal antibodies in ESCC patients is
warranted.
HLX07 is a novel, recombinant, humanized anti-EGFR

monoclonal antibody. In contrast to cetuximab, HLX07
is a mouse-human chimeric IgG1 monoclonal antibody
constructed using humanized germline variable regions
of heavy and light chains [17]. The complementarity-
determining region 2 on the heavy chain is less glyco-
sylated, which increases binding affinity to EGFR and
reduces immunogenicity. A phase 1 study showed that
HLX07 was safe and tolerable in patients with advanced
solid tumors [18]. In this report, we presented the results
from our phase 2 study involving patients with locally
advanced, unresectable or metastatic ESCC to evaluate
the preliminary efficacy and safety of HLX07 alone as

a later-line therapy and of HLX07 in combination with
serplulimab and chemotherapy as a first-line therapy.

2 MATERIALS ANDMETHODS

2.1 Study design and participants

This report described a multicenter, two-cohort, phase 2
trial of HLX07 alone or in combination with immunother-
apy and chemotherapy to treat advanced ESCC. The work
described in this report was conducted across 12 sites in
China between August 18, 2022 and January 13, 2023.
The trial continues but is no longer enrolling patients.
ESCC patients who failed at least one systemic treatment
were enrolled into the group receiving HLX07 monother-
apy. Treatment-naïve patients were assigned to the group
receiving the combination of HLX07 with serplulimab
and FP as first-line treatment. Specifically, patients had
to exhibit radiological progression or intolerance fol-
lowing a first-line combination of immunotherapy and
chemotherapy or, they had to have undergone at least
two lines of alternative systemic therapy to be enrolled in
the HLX07 monotherapy group. While patients were not
allowed to have had any prior treatment for unresectable
or metastatic ESCC, except neoadjuvant chemotherapy,
concurrent chemoradiotherapy or adjuvant chemotherapy
delivered at least sixmonths before enrollment in the study
to be enrolled in the HLX07 combination group.
The two groups had similar inclusion criteria: 1) age

between 18 and 75 years; 2) histologically or cytologically
confirmed locally advanced, unresectable or metastatic
ESCC; 3) an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1; 4) at least one measurable
lesion according to the Response Evaluation Criteria in
Solid Tumors criteria version 1.1 (RECIST v.1.1) [19]; 5) an
estimated life expectancy of 12 weeks or longer; and 6)
normal organ function as defined in the protocol synop-
sis (SupplementaryMethods). Patientswere excluded from
the study if they had previous or active autoimmune dis-
ease, other malignant disease (except curatively treated
skin basal cell carcinoma or cervical carcinoma in situ),
medical conditions requiring immunosuppressivemedica-
tion, active infection with hepatitis B or C virus, active
metastasis to the central nervous system, active infection,
uncontrolled cardiac disease, or previous treatment with
anti-EGFRmonoclonal antibody. Further details regarding
inclusion and exclusion criteria for this trial are outlined in
Supplementary Methods.
The trial was approved by the ethics committees of

the leading study site (National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Sciences, approval
number 21/534-3205) and all other study sites. The trial
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was conducted in accordance with the Declaration of
Helsinki and guidelines of Good Clinical Practice. Writ-
ten informed consent was obtained from subjects or their
legal guardians before enrollment. The trial was registered
at Clinicaltrials.gov (NCT05221658).

2.2 Procedures

In the HLX07 monotherapy group, previously treated
ESCC patients were administered with HLX07 at 1,000 mg
every 2 weeks on day 1 of each cycle. All eligible patients
were treated until disease progression, intolerable toxic-
ity, death, investigator’s decision to stop, or withdrawal
of informed consent. For patients experiencing reversible
toxicity of grade 3 or worse related to HLX07, subsequent
infusions at a low dose were allowed if the toxicity reverted
to grade 1 or baseline levels and the patients met the eli-
gibility criteria for adequate organ function. The minimal
HLX07 dose allowed in the study was 600 mg. If grade
3 or worse toxicity persisted even after administration of
600 mg of HLX07, infusion of HLX07 was temporarily sus-
pended and investigators decided whether to discontinue
it permanently.
In the HLX07 combination group, treatment-naïve

ESCC patients received serplulimab at 200 mg and HLX07
at 1000 mg once every 2weeks on day 1 of each cycle
for up to 2 years. Concurrently, patients received cisplatin
(50mg/m2) on day 1 for up to 8 cycles and continuous daily
administration of 5-FU (1,200mg/m2) on days 1 and 2 of
each cycle for up to 12 cycles. Both chemotherapeutic drugs
were administered intravenously every 2weeks. Patients
were treated until disease progression, death, unacceptable
toxicity, withdrawal of consent, or a decision by investi-
gators. Doses of HLX07, cisplatin and 5-FU were allowed
to be modified according to the occurrence and severity
of treatment-related adverse events (TRAEs). The dose of
serplulimab could not be modified.
All patients were assessed regularly for efficacy and

safety, including history and physical examinations, eval-
uations of adverse events, and routine bloodwork at study
entry and before each treatment cycle. Computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) were
performed every 6weeks for the first 48weeks from enroll-
ment and every 12weeks thereafter. The response was
assessed according to RECIST v.1.1 criteria by an inde-
pendent radiological review committee (IRRC) consisting
of six radiologists from medical centers that were not
involved in the study, and by local investigators. When
stable disease (SD) was assessed to be the best response,
it must also meet the present protocol-specified criteria
of a minimum period of 42 days from baseline. Other-
wise, that patient’s best response was evaluated based on

the subsequent assessments. During the follow-up period,
patients were contacted every 12weeks to assess their sur-
vival. Adverse events and abnormal laboratory findings
were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events ver-
sion 5.0 (NCI-CTCAE v.5.0) and attributed to each study
drug as appropriate. Adverse events of special interest
(infusion-related reaction, rash, hypomagnesemia, and
immune-related adverse events) related to the study drugs
were recorded. Serious adverse events were defined as
those that led to death, endangered patients’ lives, required
hospitalization or an extension of any current hospitaliza-
tion, led to permanent or severe disability/malfunction,
or caused congenital anomalies/birth defects. Serious
TRAEs were defined as serious adverse events that were
treatment-related.
Besides, patients in the HLX07 monotherapy group

had to provide tumor tissue for EGFR expression assess-
ment before enrolment. The expression of EGFR was
assessed by immunohistochemistry with the undiluted
rabbit monoclonal CONFIRM anti-EGFR (5B7) antibody
(catalog no. 790-4347, Ventana, USA) in a central labora-
tory. Immunohistochemical stainingwas semi-quantitated
as no staining (0), weak staining (1+), moderate staining
(2+), or strong staining (3+) according to the percentage
of EGFR-positive tumor cells. An EGFR H-score for each
assessable patient was calculated by multiplying the stain-
ing intensity by the percentage of positive cells, ranging
from 0 to 300, according to the described method [20]. We
classified patients as showing low EGFR expression if H-
score < 200, and as showing high expression if H-score
≥ 200 [20]. Patients enrolled in the HLX07 combination
group were assessed for their EGFR expression when their
tissue samples were provided later on during the study.

2.3 Outcomes

The two primary endpoints were objective response rate
(ORR), defined as the proportion of patients with par-
tial or complete response, and PFS, defined as the time
from study enrollment to disease progression or death from
any cause. Both endpoints were assessed by the IRRC
and by local investigators according to RECIST v.1.1 cri-
teria. Secondary endpoints included the disease control
rate (DCR), defined as the proportion of patients with an
overall response or stable disease; time to response (TTR),
defined as the time from enrollment to first documenta-
tion of an overall response; duration of response (DOR),
defined as the time from the first documentation of an
overall response to radiological disease progression; OS,
defined as the time from enrollment to death from any
cause; the 6-month PFS rate, defined as the proportion
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F IGURE 1 Flowchart of the enrollment and treatment of the advanced ESCC patients. All patients in the two arms were treated with at
least one dose of study medication and included in the analyses of efficacy and safety. Subject decision referred to the decision made by the
subjects to stop the study treatment while continuing to accept the survival follow-up.

of patients with PFS at 6 months; and safety, defined as
the occurrence of TRAEs according to NCI-CTCAE v.5.0.
An exploratory endpoint was the investigation of an asso-
ciation between treatment efficacy and H-score of EGFR
expression.

2.4 Statistical analyses

The data cutoff date for this present analysis was July 4,
2023. No statistical calculations were performed to esti-
mate theminimal sample sizes before enrollment. Instead,
sample sizes were selected because they were expected to
provide adequate data for assessing the preliminary effi-
cacy and safety of HLX07 regimens. Data in this trial
were analyzed statistically using SAS 9.4 (SAS Institute,
Cary, USA). Primary and secondary endpoints of efficacy
were reported as the number (percentage) of patients (n
[%]) together with two-sided 95% Clopper-Pearson exact
CIs. Endpoints were not compared statistically between
the HLX07monotherapy and combination groups because
this was not the objective of the trial. Efficacy endpoints
were calculated across the intention-to-treat population,
while safety endpoints were calculated across all patients
who received at least one dose of study medication. Sur-
vival curves for each group were estimated using the
Kaplan-Meier product limit method, and medians and

their two-sided 95% CIs were determined from the curves.
The Kaplan-Meier method was also used to estimate the
PFS rate at 6 months with corresponding 95% CIs. Safety
endpoints were reported in terms of n (%). No interim or
sensitivity analyses were planned or performed.

3 RESULTS

BetweenAugust 18, 2022 and January 13, 2023, 70 advanced
ESCC patients from 12 hospitals in China were screened
for eligibility (Figure 1). Ten failed to meet all inclusion
criteria, nine met at least one of the exclusion criteria,
and one withdrew consent. The remaining 50 patients
with advanced ESCCwere enrolled and assigned to receive
HLX07 monotherapy as later-line treatment (n = 20) and
HLX07 combination therapy as first-line treatment (n =

30), respectively (Table 1). The data cutoff date for the effi-
cacy and safety analyses presented here was July 4, 2023.
Unless otherwise noted, the outcomes reported belowwere
those assessed by the IRRC.

3.1 Treatment efficacy

The HLX07 monotherapy group was followed up for a
median of 7.4 months (95% CI, 5.8 to 9.3). Before the
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TABLE 1 Baseline characteristics of the enrolled advanced ESCC patients.

Characteristics
HLX07 monotherapy
(n = 20)

HLX07 combination therapy
(n = 30)

Age, median (range), years 59.5 (46-67) 64.5 (48-74)
Sex, n (%)
Male 20 (100.0) 26 (86.7)
Female 0 (0) 4 (13.3)

ECOG performance status, n (%)
0 8 (40.0) 12 (40.0)
1 12 (60.0) 18 (60.0)

Disease status, n (%)
Locally advanced, unresectable 0 (0) 5 (16.7)
Distantly metastatic 20 (100.0) 25 (83.3)

Metastasisa, n (%)
Lymph node 17 (85.0) 27 (90.0)
Liver 6 (30.0) 7 (23.3)
Lung 5 (25.0) 4 (13.3)
Bone 3 (15.0) 2 (6.7)
Other site 2 (10.0) 2 (6.7)

H-score for EGFR expression based on IHC, n (%)
≥ 200 7 (35.0) 5 (16.7)
< 200 13 (65.0) 24 (80.0)
Not determined 0 (0) 1 (3.3)

Semi-quantitation of EGFR expression based on IHC, n (%)
3+ 9 (45.0) 9 (30.0)
2+ 4 (20.0) 11 (36.7)
1+ 7 (35.0) 8 (26.7)
0 0 (0) 1 (3.3)
Not determined 0 (0) 1 (3.3)

Prior antitumor therapyb, n (%)
Chemotherapy 20 (100.0) 2 (6.7) c

Immunotherapy 19 (95.0) 0 (0)
Anlotinib 7 (35.0) 0 (0)
Apatinib 3 (15.0) 0 (0)
KC1036 1 (5.0) 0 (0)

Number of prior lines of therapy, n (%)
1 2 (10.0) 0 (0)
2 10 (50.0) 0 (0)
3 6 (30.0) 0 (0)
4 2 (10.0) 0 (0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; IHC, immunohistochemistry.
aSome patients were diagnosed with metastasis to more than one site.
bSome patients in the HLX07 monotherapy group had previously received more than one type of antitumor therapy.
cPatients received adjuvant chemotherapy.

first assessment of efficacy outcomes, four patients were
excluded including two patients who withdrew consent
and two whose ECOG performance statuses were down-
graded. ORR of the 20 patients was 15.0% (95% CI, 3.2 to
37.9), with two patients achieving a complete response and

one achieving a partial response (Table 2). Seven (35.0%)
patients achieved disease control, including twowith com-
plete response, one with partial response, and four with
stable disease (Table 2). Of the three patients showing an
objective response, themedianTTRwas 1.4months (range,
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TABLE 2 Tumor response of the enrolled advanced ESCC patientsa.

Assessed by IRRC Assessed by local investigators

Response

HLX07
monotherapy
(n = 20)

HLX07
combination
therapy
(n = 30)

HLX07
monotherapy
(n = 20)

HLX07
combination
therapy
(n = 30)

Best overall response, n (%)
Complete response 2 (10.0) 4 (13.3) 1 (5.0) 1 (3.3)
Partial response 1 (5.0) 14 (46.7) 2 (10.0) 16 (53.3)
Stable disease 4 (20.0) 3 (10.0) 4 (20.0) 4 (13.3)
Progressive disease 9 (45.0) 3 (10.0) 9 (45.0) 4 (13.3)
Not evaluable 4 (20.0) 6 (20.0)b 4 (20.0) 5 (16.7)

Objective response rates, n (%), 95% CI 3 (15.0), 3.2 to 37.9 18 (60.0), 40.6 to 77.3 3 (15.0), 3.2 to 37.9 17 (56.7), 37.4 to 74.5
Disease control rates, n (%), 95% CI 7 (35.0), 15.4 to 59.2 21 (70.0), 50.6 to 85.3 7 (35.0), 15.4 to 59.2 21 (70.0), 50.6 to 85.3
Median duration of response, months,
95% CI

NR, 1.4 to NE 7.2, 4.4 to NE NR, 2.0 to NE 7.2, 5.1 to NE

Median time to response, months, range 1.4, 1.3 to 1.4 1.4, 1.3 to 3.5 1.4, 1.3 to 1.4 1.4, 1.3 to 4.4

Abbreviations: CI, confidence interval; IRRC, independent radiological review committee; NE, not evaluable; NR, not reached.
aResponses were assessed in accordance with the Response Evaluation Criteria in Solid Tumours (version 1.1) [19].
bTwo patients had a first evaluation of stable disease that did not persist beyond the protocol-defined criterion of 42 days and these patients were not assessed
subsequently. Therefore their best response was classified as “not evaluable”.

1.3 to 1.4), and the median DOR was not reached. The
complete response was observed and lasting for at least 6
months in two patients (Supplementary Figure S1). Both
patients were continuing study treatment at the data cutoff
date.
The HLX07 combination group was followed up for a

median of 8.3 (95% CI, 8.0 to 8.5) months. ORR was 60.0%
(95% CI, 40.6 to 77.3), with four patients achieving com-
plete response and 14 achieving partial response (Table 2).
Disease controlwas achieved in 21 (70.0%) patients, includ-
ing four with complete response, 14 with partial response,
and three with stable disease (Table 2). Among the 18
patients showing an objective response, the median TTR
was 1.4 months (range, 1.3 to 3.5) and themedian DORwas
7.2 months (95% CI, 4.4 to not evaluable [NE]) (Table 2).
Among the 50 patients treated in the study, records of

responses during treatment for the two groupswere shown
in Figure 2. Seven (35.0%) patients had decreased lesion
size from baseline measurement in the HLX07 monother-
apy group (Figure 3A). Twenty-one (70.0%) patients had
decreased lesion size from baseline measurement in the
HLX07 combination group (Figure 3B).
Among the 20 patients in the HLX07 monotherapy

group, 16 (80.0%) experienced PFS events, including 11
cases of disease progression and five deaths. Median PFS
was 1.5months (95% CI, 1.3 to 3.7), the PFS rate at 6months
was 11.7% (95% CI, 2.0 to 30.9), and the median OS was 5.8
months (95% CI, 3.5 to NE) (Supplementary Figure S2-S3).
Sixteen (53.3%) patients in the HLX07 combination group
experienced PFS events including ten cases of disease pro-

gression and six deaths. PFS was 7.8 months (95% CI, 3.3 to
9.1) (Supplementary Figure S4), the PFS rate at 6 months
was 55.6% (95% CI, 35.0 to 72.0), while the median OS was
not reached. As of the data cutoff date, HLX07 combina-
tion treatmentwas ongoing in 11 patients, one ofwhomhad
experienced disease progression during the study.

3.2 Safety and tolerability

Among the 20 patients in the HLX07 monotherapy group,
18 (90.0%) experienced at least one TRAE, none of which
was serious TRAE (Table 3). Across all grades of sever-
ity, the most frequent TRAEs were rash (13 patients,
65.0%), hypomagnesemia (12 patients, 60.0%), hypocal-
cemia (6 patients, 30.0%), sinus tachycardia (5 patients,
25.0%), hyponatremia (4 patients, 20.0%), dry skin (4
patients, 20.0%), hypokalemia (3 patients, 15.0%), nausea
(3 patients, 15.0%), and fatigue (3 patients, 15.0%), respec-
tively. Two (10.0%) patients experienced grade 3 TRAEs
of hypocalcemia and fatigue, with one of them experienc-
ing a grade 4 TRAE of hypomagnesemia at the same time.
No patients discontinued HLX07 monotherapy because of
TRAEs. However, the study treatment for three patients
was temporarily interrupted because of COVID-19 infec-
tion, urinary tract stones, or acute kidney injury, none of
which was related to HLX07. All three patients resumed
HLX07 treatment after these events were resolved. No
patients experienced infusion-related reactions or died
during treatment.
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F IGURE 2 Treatment exposure and duration of responses in the HLX07 monotherapy and combination groups, as assessed by the
independent radiological review committee.

Among the 30 patients in the HLX07 combination
group, all but one (96.7%) patient experienced at least
one TRAE. The most frequent TRAEs were anemia
(21 patients, 70.0%), rash (18 patients, 60.0%), hypo-
magnesemia (18 patients, 60.0%), nausea (16 patients,
53.3%), hypocalcemia (11 patients, 36.7%), hyponatremia (11
patients, 36.7%), neutrophil count decreased (11 patients,
36.7%), and platelet count decreased (9 patients, 30.0%)
(Table 3). Only under half of the patients (n = 14, 46.7%)
experienced TRAEs that were grade 3, grade 4, and grade
5. Nevertheless, no patients discontinued HLX07 combi-
nation therapy because of TRAEs. However, the study
treatment was temporarily interrupted in six patients
because of rash, dermatitis acneiform, or conjunctivitis,
and they resumed HLX07 treatment after these events
resolved. No patients discontinued dual chemotherapy
because of TRAEs. Doses of FPwere reduced in six patients
who developed seven TRAEs including two (6.7%) with
decreased platelet count, one (3.3%) with decreased neu-
trophil count, one (3.3%) with anemia, one (3.3%) with
anorexia and nausea, and one (3.3%) with fatigue. Four
(13.3%) patients developed serious TRAEs: two events

were related to serplulimab, one to HLX07, and one to
chemotherapy. Two (6.7%) patients experienced a total of
three immune-related adverse events: decreased platelet
count (grade 1), hyperthyroidism (grade 1), and pneumoni-
tis (grade 5). Two (6.7%) patients experienced infusion-
related reactions.

3.3 Exploratory endpoint

Among the 20 patients in the HLX07 monotherapy group,
seven (35.0%) had an EGFR H-score of ≥ 200, while 13
(65.0%) had an EGFR H-score of < 200. ORR did not dif-
fer substantially between those with high H-scores (14.3%)
or those with low H-scores (15.4%) (Supplementary Table
S1). Median PFS was numerically slightly longer for those
with high H-scores (1.8 months [95% CI, 0.8 to NE] vs.
1.5 months [95% CI, 1.3 to 3.7]) (Supplementary Table S1).
Among the 30 patients in the HLX07 combination group,
EGFR expression in tumors was analyzed in 29 patients
because we lacked a suitable tumor tissue sample from one
patient. Five (17.2%) patients showed an H-score ≥ 200,
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LIU et al. 9

F IGURE 3 Best percentage change in target lesion size from the baseline measurement in the (A) HLX07 monotherapy group and (B)
HLX07 combination group. Four patients in each group were excluded from this analysis because their lesion sizes were not assessed after the
start of treatment. ★, Patient had a stable target lesion and developed a new lesion. ♦, Patient had a best response of “progressive disease”
because he/she did not maintain “stable disease” for longer than the protocol-defined duration of 42 days and subsequent classification was
“progressive disease”. ▲, Patient had a best response of “not evaluable” because he/she did not maintain “stable disease” for longer than the
protocol-defined duration of 42 days and there was no subsequent assessment. Dashed lines represent the cutoffs for evaluating the best
change in target lesion size from baseline as progressive disease (> 20%), stable disease (-30% to 20%), and partial or complete response
(< −30%).

while 24 (82.8%) showed an H-score < 200. Those with
high H-scores showed a numerically higher ORR (80.0 vs.
58.3%) and longer median PFS (9.1 months [95% CI, 0.3 to
NE] vs. 7.8 months [95% CI, 2.9 to NE]) (Supplementary
Table S1).

4 DISCUSSION

In this study, we explored the preliminary efficacy of
HLX07 monotherapy as a late-line treatment, or of
HLX07 in combination with serplulimab, cisplatin, and
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TABLE 3 Treatment-related adverse events during treatment with HLX07 monotherapy and combination therapya.

HLX07 monotherapy (n = 20) HLX07 combination therapy (n = 30)
TRAEs Grades 1-2 Grade 3 Grade 4 Totalb Grades 1-2 Grade 3 Grade 4 Totalb

Any TRAEs, n (%) 16 (80.0) 1 (5.0) 1 (5.0) 18 (90.0) 15 (50.0) 11 (36.7) 2 (6.7) 29 (96.7)c

Serious TRAEs 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (10.0)d 0 (0) 4 (13.3)c

Most common TRAEs (≥ 10%) in either group, n (%)
Rash 13 (65.0) 0 (0) 0 (0) 13 (65.0) 15 (50.0) 3 (10.0) 0 (0) 18 (60.0)
Hypomagnesemia 11 (55.0) 0 (0) 1 (5.0) 12 (60.0) 13 (43.3) 4 (13.3) 1 (3.3) 18 (60.0)
Hypocalcemia 5 (25.0) 1 (5.0) 0 (0) 6 (30.0) 10 (33.3) 0 (0) 1 (3.3) 11 (36.7)
Sinus tachycardia 5 (25.0) 0 (0) 0 (0) 5 (25.0) 3 (10.0) 0 (0) 0 (0) 3 (10.0)
Hyponatremia 4 (20.0) 0 (0) 0 (0) 4 (20.0) 11 (36.7) 0 (0) 0 (0) 11 (36.7)
Dry skin 4 (20.0) 0 (0) 0 (0) 4 (20.0) 6 (20.0) 0 (0) 0 (0) 6 (20.0)
Hypokalemia 3 (15.0) 0 (0) 0 (0) 3 (15.0) 3 (10.0) 1 (3.3) 0 (0) 4 (13.3)
Nausea 3 (15.0) 0 (0) 0 (0) 3 (15.0) 16 (53.3) 0 (0) 0 (0) 16 (53.3)
Fatigue 2 (10.0) 1 (5.0) 0 (0) 3 (15.0) 5 (16.7) 1 (3.3) 0 (0) 6 (20.0)
Hypoalbuminemia 2 (10.0) 0 (0) 0 (0) 2 (10.0) 6 (20.0) 0 (0) 0 (0) 6 (20.0)
Hyperkalemia 2 (10.0) 0 (0) 0 (0) 2 (10.0) 1 (3.3) 0 (0) 0 (0) 1 (3.3)
Itching 2 (10.0) 0 (0) 0 (0) 2 (10.0) 7 (23.3) 1 (3.3) 0 (0) 8 (26.7)
Decreased appetite 1 (5.0) 0 (0) 0 (0) 1 (5.0) 7 (23.3) 0 (0) 0 (0) 7 (23.3)
Dermatitis acneiform 1 (5.0) 0 (0) 0 (0) 1 (5.0) 2 (6.7) 3 (10.0) 0 (0) 5 (16.7)
Neutrophil count decreased 1 (5.0) 0 (0) 0 (0) 1 (5.0) 9 (30.0) 2 (6.7) 0 (0) 11 (36.7)
Platelet count decreased 1 (5.0) 0 (0) 0 (0) 1 (5.0) 9 (30.0) 0 (0) 0 (0) 9 (30.0)
White blood cell count decreased 1 (5.0) 0 (0) 0 (0) 1 (5.0) 7 (23.3) 1 (3.3) 0 (0) 8 (26.7)
Alanine aminotransferase increased 1 (5.0) 0 (0) 0 (0) 1 (5.0) 7 (23.3) 0 (0) 0 (0) 7 (23.3)
Aspartate aminotransferase
increased

1 (5.0) 0 (0) 0 (0) 1 (5.0) 7 (23.3) 0 (0) 0 (0) 7 (23.3)

Vomiting 1 (5.0) 0 (0) 0 (0) 1 (5.0) 6 (20.0) 0 (0) 0 (0) 6 (20.0)
Oral ulcer 1 (5.0) 0 (0) 0 (0) 1 (5.0) 4 (13.3) 0 (0) 0 (0) 4 (13.3)
Hyperthyroidism 1 (5.0) 0 (0) 0 (0) 1 (5.0) 4 (13.3) 0 (0) 0 (0) 4 (13.3)
Hypoproteinaemia 0 (0) 0 (0) 0 (0) 0 (0) 3 (10.0) 0 (0) 0 (0) 3 (10.0)
Lymphocyte count decreased 0 (0) 0 (0) 0 (0) 0 (0) 2 (6.7) 2 (6.7) 0 (0) 4 (13.3)
Anemia 0 (0) 0 (0) 0 (0) 0 (0) 20 (66.7) 1 (3.3) 0 (0) 21 (70.0)
Fever 0 (0) 0 (0) 0 (0) 0 (0) 3 (10.0) 0 (0) 0 (0) 3 (10.0)
Proteinuria 0 (0) 0 (0) 0 (0) 0 (0) 3 (10.0) 0 (0) 0 (0) 3 (10.0)

Abbreviations: TRAE, treatment-related adverse event.
aA grade 1-2 event is recorded if it occurred in at least 10% of patients in either group. Any grades 3-4 event is recorded.
bIncluded TRAEs of grades 1 to 5.
cIncluded one patient in the HLX07 combination group who experienced an event of grade 5 (serious), which was immune-related pneumonitis.
dOne was serplulimab-related, another was HLX07-related, and the other one was chemotherapy-related.

5-fluorouracil as a first-line treatment. Our findings show
that HLX07 monotherapy conferred encouraging antitu-
mor efficacy with a manageable toxicity profile in previ-
ously treated advanced ESCC patients. More importantly,
the addition of HLX07 to serplulimab and chemotherapy
for these patients also exhibited notable antitumor activity
in the first-line setting.
ESCC is known to be an immunocompetent tumor,

therefore a high proportion of patients with advanced
ESCC can achieve a response with immunotherapy plus
chemotherapy as a first-line treatment [21]. However,

those who are refractory or progress after the standard-
of-care therapy have limited treatment options; salvage
chemotherapy only produces moderate antitumor activ-
ity as a second-line or later option in this setting [22].
Thus, the development of targeted therapies may help to
provide alternative options for these subsets of patients.
To date, no approval has been granted for the use of tar-
geted drugs in advanced ESCC. In terms of anti-EGFR
monotherapy in ESCC, findings from the studies of anti-
EGFR TKIs and anti-EGFR monoclonal antibody SCT200
have been published. Previously, anti-EGFR TKIs showed
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modest activities with ORRs of 2.8% to 16.7%, including
gefitinib [23], erlotinib [24], and icotinib [25]. However, a
randomized phase 3 trial comparing second-line gefitinib
with placebo in esophageal cancer failed to meet the pri-
mary endpoint of a significant OS benefit with gefitinib
compared to placebo (3.7 months vs. 3.6 months; HR =

0.90; P= 0.293) [15]. SCT200 showed an encouraging ORR
of 16.7%with amedian DOR of 3.9 months as a second-line
treatment for ESCC [16]. Comparing the findings of the
HLX07 monotherapy group with that of anti-EGFR TKIs
and SCT200, the ORR was similar (15.0% versus 16.7%).
Moreover, the median DOR in the HLX07 monotherapy
groupwas longer than in the SCT200 trial (> 6.0months vs.
3.9 months). The results from anti-EGFR antibodies, espe-
cially HLX07 monotherapy treatment, provided further
evidence to support the targeting of the EGFR pathway as
a treatment strategy for advanced ESCC.
The results from our HLX07 combination group sup-

ported the combination of an anti-EGFR monoclonal
antibody and immunotherapy for treating advancedESCC.
Such a combination has been explored against other can-
cers as a way to overcome immunosuppression within the
tumor microenvironment, such as squamous cell carci-
noma of the head and neck as well as colorectal cancer
[26]. For example, the combination of cetuximab and
an anti-PD-1 inhibitor nivolumab or pembrolizumab has
shown promising efficacy against recurrent or metastatic
head and neck squamous cell carcinoma [27, 28]. Here
we found that the combination of HLX07, serplulimab,
and chemotherapy was effective as a first-line treatment
against advanced ESCC. Patients showed an ORR of 60.0%
and median PFS of 7.8 months (95% CI, 3.3 to 9.1), which
are comparable to, or potentially better than, the ORR of
58% and median PFS of 5.8 months (95% CI, 5.7 to 6.9)
for serplulimab in combination with chemotherapy. The
currently reported median PFS of 7.8 months is also bet-
ter than that reported for first-line combination therapies
of chemotherapy with pembrolizumab (6.3 months) [5],
nivolumab (5.8months) [6], or camrelizumab (5.7months)
[7]. The potentially longer median PFS in our study
may mean that HLX07 potentiates anti-tumor immune
responses within the tumor microenvironment, leading
to more durable clinical benefits in those patients who
respond to the treatment.
The TRAEs observed in our patients receiving late-line

HLX07 monotherapy, including rash and hypomagne-
semia, were consistent with those frequently experienced
by patients treated with EGFR inhibitors such as cetux-
imab and SCT200. However, the incidence of grade 3 or
worse TRAEs was lower with HLX07 in our study com-
pared to SCT200 in a previous trial (10.0% vs. 33.3%) [16].
Similarly, the safety profile of patients receiving first-line

HLX07 in combination with serplulimab and chemother-
apy in our study was consistent with that previously
reported for the individual therapeutic regimes. The inci-
dence of grade 3 or worse TRAEs was lower in our study
(46.7%) compared to trials involving first-line combina-
tions of chemotherapy with either pembrolizumab (71.9%)
or camrelizumab (63.4%) [5, 7].
In this study,we observed anumerically higherORRand

longer median PFS among those patients with high EGFR
H-scores who were treated with the HLX07 combination
therapy, but not for those with high EGFR H-scores who
were treatedwithHLX07monotherapy.Owing to the small
sample size of patients with high EGFR H-scores in both
treatment arms (n = 5 for the HLX07 combination group;
n = 7 for the HLX07 monotherapy group), our study was
not powered for a rigorous statistical comparison or corre-
lation analysis. The dependence of a PFS or clinical benefit
on tumor EGFR level therefore remains to be clarified.
Our findings should be interpreted with caution due

to the small, ethnically homogeneous sample size. Future
work should further explore the efficacy and safety of
HLX07, both asmonotherapy and in combinationwith ser-
plulimab and chemotherapy, in larger and more diverse
patient populations.

5 CONCLUSIONS

Our findings suggest encouraging efficacy andmanageable
safety of HLX07 as monotherapy or in combination with
serplulimab and chemotherapy. This trial supports the
need for larger investigations of these treatment regimens
as potential first- and later-line therapies for advanced
ESCC.
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