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Abstract
Background  Serplulimab is a novel, recombinant, humanized, monoclonal, anti-programmed death 1 antibody with a similar 
or better affinity and pre-clinical antitumor activity than pembrolizumab and nivolumab.
Objective  This phase I, open-label, dose-escalation study evaluated serplulimab in patients with advanced solid tumors. The 
second interim analysis of the dose-finding phase is reported here.
Methods  Adult patients with histologically confirmed metastatic/recurrent solid tumors who had progressed on, or were 
intolerant to/clinically unsuitable for standard treatment, were enrolled. Four intravenous serplulimab dose levels were evalu-
ated: 0.3, 1.0, 3.0, and 10.0 mg/kg every 2 weeks in 28-day cycles for up to 2 years. Primary endpoints were the incidence 
of treatment-emergent adverse events and the maximum tolerated dose.
Results  By 27 July, 2020 (data cut-off), 29 patients with stage IV disease (34.5% with lung cancer) received one or more 
doses of serplulimab. One (3.4%) patient had completed treatment and 26 (89.7%) had discontinued from the study. The 
maximum tolerated dose was not reached. Twenty-two (75.9%) patients experienced treatment-emergent adverse events 
related to serplulimab, most frequently nausea (24.1%), with no notable differences in incidence between dose cohorts; of 
these, grade ≥ 3 events occurred in four (13.8%) patients. Pharmacokinetic data demonstrated minimal accumulation of 
serplulimab after repeated administration. Functional programmed death 1 blockade was observed across dose levels. Objec-
tive response and disease control rates were 8.0 and 60.0%, respectively.
Conclusions  Serplulimab was well tolerated and demonstrated antitumor activity. These data support further study of ser-
plulimab in larger patient populations.
Clinical Trial Registration  ClinicalTrials.gov NCT03468751 (19 March, 2018).

Key Points 

Serplulimab, a novel anti-programmed death 1 monoclo-
nal antibody, was well tolerated at doses of 0.3–10.0 mg/
kg every 2 weeks; preliminary efficacy findings indicated 
encouraging antitumor activity. Results from the current 
study warrant further investigation of serplulimab in 
larger patient cohorts.

Serplulimab has been approved by the China National 
Medical Products Administration for the treatment of 
microsatellite instability-high solid tumors, squamous 
non-small cell lung cancer, and extensive-stage small 
cell lung cancer. More clinical trials in various tumor 
types are being conducted, aiming to benefit a broader 
patient population.
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1  Introduction

The development of immune checkpoint inhibitors has 
driven dramatic advancements in cancer treatment over 
recent decades [1, 2]. Blockade of the programmed death 
1 (PD-1) pathway by these agents has been shown to con-
fer prolonged overall survival (OS) and reduced toxicity 
compared with traditional chemotherapies in a variety of 
solid tumors [3–7]. Despite the approval of multiple PD-1/
programmed death ligand 1 (PD-L1) inhibitors for the treat-
ment of cancers, the efficacy and safety of these approved 
anti-PD-1/PD-L1 agents vary in different diseases [8–10]. 
In the context of non-small-cell lung cancer, pembrolizumab 
plus chemotherapy significantly improved progression-free 
survival (PFS) and OS [11, 12], while a combination of 
nivolumab with an anti-cytotoxic T-lymphocyte antigen 4 
antibody was necessary to confer survival benefits [13]; 
PD-L1 inhibitors such as durvalumab improved PFS and 
OS but to a lower extent, or required a combination with a 
cytotoxic T-lymphocyte antigen 4 inhibitor [14]. Whereas in 
small cell lung cancer, pembrolizumab [15] and nivolumab 
[16, 17] both failed to improve OS; only two PD-L1 inhibi-
tors, atezolizumab [18] and durvalumab [19], were approved 
for extensive-stage small cell lung cancer. Furthermore, 
the improved survival benefits remained unsatisfactory for 
certain indications such as extensive-stage small cell lung 
cancer; the approved atezolizumab and durvalumab regi-
mens extended median OS by only around 2 months. Despite 
the many available options, the discrepancy in regulatory 
approvals in various geographical regions and the relatively 
high cost of treatment render these anti-PD-1/PD-L1 agents 
largely unaffordable or unavailable to most of the world’s 
population. Coupled with the room for further improvement 
in the clinical benefits seen with these immune checkpoint 
inhibitors, there is a need for alternative options that can 
increase the patients’ accessibility to effective treatments.

Serplulimab (formerly HLX10) is a novel, recombinant, 
humanized, anti-PD-1 IgG4 monoclonal antibody. Serpluli-
mab possesses a unique mode of PD-1 receptor recogni-
tion and has a higher affinity for human PD-1 than both 
pembrolizumab and nivolumab (KD 2.42 nM vs 8.04 nM 
vs 11.9 nM) [20, 21]. In pre-clinical studies, serplulimab 
demonstrated potent antitumor activity in vivo, which was 
at least as good as that observed with pembrolizumab and 
nivolumab. In addition, serplulimab was well tolerated in 
cynomolgus monkeys [20].

The safety and tolerability of serplulimab are being 
assessed in patients with advanced or metastatic solid tumors 
who were refractory to standard therapy, in a multicenter, 
prospective, phase I, open-label study (NCT03468751). At 
a previous analysis, serplulimab was found to be well toler-
ated, with promising signs of antitumor efficacy, including 

durable responses in several types of malignancy; the phar-
macokinetic characteristics of serplulimab were similar 
to those reported for pembrolizumab and nivolumab [22]. 
Here, we present the findings of the second interim analysis.

2 � Methods

2.1 � Patients and Study Design

The dose-finding phase of this open-label, phase I, dose-
escalation study was conducted at four sites in Taiwan. Eligi-
ble patients were adults (age ≥ 18 years) with histologically 
confirmed, measurable or evaluable advanced or metastatic 
solid tumors that were refractory to, intolerant to, or deemed 
clinically unsuitable for standard treatment, or had locally 
advanced disease that was not amenable to localized ther-
apy. Other key inclusion criteria were Eastern Cooperative 
Oncology Group performance status ≤ 2 and adequate organ 
function. Patients with unresolved grade ≥ 2 toxicities from 
prior therapies, or unstable or uncontrolled medical condi-
tions were excluded. A full account of the study eligibility 
criteria is provided in the Electronic Supplementary Mate-
rial (ESM).

The study comprised a dose-finding and a dose-expansion 
phase. An adaptive Bayesian optimal interval trial design 
[23] was adopted to determine the rule of dose finding and 
the maximum tolerated dose (MTD) of serplulimab (Fig. 
e1 and Methods of the ESM). Four serplulimab dose levels 
were planned for evaluation (0.3, 1.0, 3.0, and 10.0 mg/kg), 
administered intravenously every 2 weeks (Q2W) on day 
(D)1 and D15 of each 28-day cycle (C). The MTD was to 
be selected at trial completion based on isotonic regression 
(target toxicity rate of 30%; Table e1 of the ESM). Treatment 
with serplulimab continued at the assigned dose level for 
a maximum of 2 years, or until progressive disease, with-
drawal from the study, or death (whichever occurred first). 
Patients were followed for a minimum of 90 days after the 
last dose of serplulimab. For patients who experienced pro-
gressive disease and had not received additional anticancer 
therapy during the follow-up period, an option to re-initiate 
serplulimab treatment (at the same dose level) for another 12 
months was given, provided that the study eligibility criteria 
and submission of a baseline tumor assessment (within 6 
weeks prior to re-initiation of serplulimab treatment) were 
fulfilled.

The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki, Good Clinical Practice 
guidelines, and local regulatory requirements. The study 
protocol, any amendments, and informed consent were 
approved by a central or independent institutional review 
board/ethics committee at participating sites. All patients 
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provided written informed consent to participate prior to 
screening and enrollment.

2.2 � Study Endpoints and Assessments

Primary endpoints were the number and proportion of 
patients with treatment-emergent adverse events (TEAEs) 
and identification of the MTD. All adverse events were 
monitored from the time of the first dose of serplulimab up 
to 90 days after the last dose. Adverse events were coded 
using Medical Dictionary for Regulatory Activities version 
22.0 and graded for severity using National Cancer Institute 
Common Terminology Criteria for Adverse Events version 
4.03. Adverse events that were considered either probably or 
possibly related to serplulimab were recorded as treatment-
related adverse events (TRAEs).

Secondary endpoints were serum serplulimab pharmacoki-
netic parameters, immunogenicity, preliminary efficacy, phar-
macodynamics of serplulimab, and potential predictive and 
prognostic biomarkers. The blood sampling schedule for the 
measurements of pharmacokinetic parameters and serplulimab 
anti-drug antibodies (ADAs) was provided in Table e2 of the 
ESM. Serplulimab ADAs were assessed by an electrochemilu-
minescence immunoassay (Frontage Laboratories, Inc., Exton, 
PA, USA). Efficacy endpoints included objective response 
rate (ORR), disease control rate, time to response, duration 
of response, and PFS; definitions are provided in Table e3 of 
the ESM. Tumor response was assessed by the investigator 
per Response Evaluation Criteria in Solid Tumors version 
1.1 (RECIST v1.1) and immune-based RECIST, or modified 
RECIST for patients with hepatocellular carcinoma (HCC) 
[24–26]. Tumor assessments were conducted every 8 weeks 
for the first 24 weeks, and every 12 weeks thereafter.

Programmed death 1 receptor occupancy on circulating 
CD3+ T cells was measured using flow cytometry (FAC-
SCanto II Flow Cytometer; BD Biosciences, San Jose, 
CA, USA) and ex vivo interleukin-2 release was meas-
ured by an enzyme-linked immunosorbent assay (Human 
IL-2 ELISA Max Deluxe; BioLegend, San Diego, CA, 
USA). Tumor expression of PD-L1 was assessed by 
immunohistochemistry using fresh or archival (harvested 
≤ 6 months before the first dose of serplulimab) tumor 
biopsy specimens, by three different assays: PD-L1 IHC 
22C3 pharmDx (Agilent Technologies, Santa Clara, CA, 
USA), VENTANA PD-L1 SP142, and VENTANA PD-L1 
SP263 (Roche Diagnostics, Mannheim, Germany). The 
same tumor biopsy samples were used to evaluate the 
immunohistochemistry staining patterns on tumor cells 
of the DNA mismatch repair proteins MLH1, MSH2, 
PMS2 (Agilent Technologies), and MSH6 (Epitomics, 
Burlingame, CA, USA). Microsatellite instability (MSI) 
status was assessed in tumor and blood samples using the 

MSI Analysis System, version 1.2 (Promega, Madison, 
WI, USA). All biomarker assessments were conducted at 
a central laboratory.

2.3 � Statistical Analyses

The maximum sample size for the dose-finding cohort was 
30, with no more than ten cohorts (n = 3 per cohort). The trial 
would be terminated once the number of patients treated at a 
current dose reached 15. Statistical power was not employed 
to determine the maximum sample size.

Safety, immunogenicity, PFS, and biomarker data were 
evaluated in the all-treated population. Other efficacy end-
points and pharmacokinetics were analyzed using data from 
the response-evaluable set and pharmacokinetics data set, 
respectively; and pharmacodynamics were analyzed using 
the exploratory pharmacodynamic data set. Definitions of all 
analysis populations are provided in Table e4 of the ESM. 
The Kaplan–Meier method was used to analyze time-to-event 
variables; two-sided 95% confidence intervals (CIs) were cal-
culated for medians using the Brookmeyer–Crowley method. 
Survival rates at specific timepoints were derived from 
Kaplan–Meier estimates with corresponding two-sided 95% 
CIs derived based on Greenwood’s formula. All data analysis 
outputs were produced using Statistical Analysis Software ver-
sion 9.2 or later. The present interim analysis was implemented 
after at least 15 patients had received serplulimab 10.0 mg/
kg Q2W.

3 � Results

3.1 � Patients

As of the data cut-off for this interim analysis (27 July, 
2020), 49 patients were screened, and 29 were enrolled 
and received at least one dose of serplulimab (0.3 mg/kg, 
n = 3; 1.0 mg/kg, n = 4; 3.0 mg/kg, n = 6; 10.0 mg/kg, 
n = 16; Fig. e2 of the ESM). One (3.4%) patient had com-
pleted treatment and 26 (89.7%) had discontinued from the 
treatment; two (6.9%) patients remained on treatment. The 
most common reason for treatment discontinuation was 
adverse events (n = 8, 27.6%). The all-treated population 
and the pharmacokinetic data set included all 29 patients, 
the exploratory pharmacodynamic data set included 28 
patients, and the response-evaluable set included 25 
patients (Table e4 of the ESM).

Demographic and baseline characteristics were bal-
anced among the four dose cohorts (Table 1). All patients 
had stage IV disease at baseline, and most (n = 23, 79.3%) 
had metastatic disease. The most common primary tumor 
location was the lung (n = 10, 34.5%). All patients had 
received at least one line of chemotherapy; one patient 
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in the 3.0-mg/kg cohort, and one patient in the 10-mg/kg 
cohort received previous immunotherapy in the form of 
aldesleukin (a recombinant interleukin-2), and nivolumab, 
respectively. More than 58% of patients had received first, 
second, or third lines of treatment.

3.2 � Safety and Tolerability

The mean ± standard deviation duration of serplulimab 
exposure and cumulative dose across the dose cohorts was 
14.8 ± 12.9 weeks and 3122.8 ± 3807.9 mg, respectively. 
The mean relative dose intensity was similar across the 
four dose cohorts (0.3, 1, 3, and 10 mg/kg), at 97.2, 100, 
100.9, and 96.7%, respectively.

A summary of TEAEs (overall and by dose cohort) is pro-
vided in Table e5 of the ESM; a list of the most commonly 
occurring TEAEs is provided in Table 2. A total of 28 (96.6%) 
patients experienced at least one TEAE, with no notable dif-
ferences between the four dose cohorts. The most common 
TEAEs overall were decreased appetite (n = 12, 41.4%) and 
fatigue (n = 9, 31.0%). Among the grade ≥ 3 TEAEs reported 
in 15 (51.7%) patients, only anemia occurred in more than two 
patients (n = 3, 10.3%). Treatment-emergent adverse events led 
to death in five (17.2%) patients and to treatment discontinu-
ation in ten (34.5%) patients. Serious adverse events occurred 
in 20 (69.0%) patients.

Twenty-two (75.9%) patients experienced TRAEs, 
with no notable differences in incidence between the 
dose cohorts (Table e5 of the ESM). The most frequently 
occurring were nausea (n = 7, 24.1%) and fatigue (n = 6, 
20.7%). Treatment-related adverse events led to treatment 
discontinuation in two (6.9%) patients. Treatment-related 
adverse events were predominantly mild in severity; all 
of these 22 (75.9%) patients reported grade 1–2 TRAEs, 
while grade 3–4 and grade 5 TRAEs were reported for four 
(13.8%) and two (6.9%) patients, respectively. Treatment-
related adverse events leading to death were thrombocy-
topenia in one patient (1.0-mg/kg cohort), and acute pan-
creatitis, myocarditis, sepsis, acute cholangitis, and acute 
hepatitis in the other patient (3.0-mg/kg cohort).

Five (17.2%) patients overall reported at least one 
immune-related adverse event (irAE), one of whom expe-
rienced grade ≥ 3 events (3.0-mg/kg cohort). Pruritus and 
pyrexia were the only irAEs that occurred in more than 
one patient (n = 2, 6.9% for each; Table e6 of the ESM). 
The MTD was not reached by the data cut-off.

3.3 � Efficacy

Two (8.0%) patients achieved a partial response, one with 
malignant melanoma in the 3.0-mg/kg cohort and another 

with HCC in the 10.0-mg/kg cohort; there were no com-
plete responses (CRs), and 13 (52.0%) patients had stable 
disease. The ORR and disease control rate were therefore 
8.0 and 60.0%, respectively (Table 3). Time to response 
and duration of response were 1.8 months (56 days) and 
6.5 months (197 days), respectively, for the patient in the 
3.0-mg/kg cohort, and 8.3 months (253 days) and 2.8 
months (85 days), respectively, for the patient (patient was 
still in response at the last tumor assessment) in the 10.0-
mg/kg cohort. Best percentage reduction in tumor size for 
the two patients who achieved partial response was 42% 
(HCC) and 45% (malignant melanoma). The change from 
baseline in target lesion size over time is shown in Fig. 1.

At the time of this interim analysis, 21 (72.4%) patients 
in the all-treated population had either experienced pro-
gressive disease or had died, with a median PFS of 3.5 
months (107.0 days, 95% CI 58.0–170.0; Fig. e3 of the 
ESM). Median PFS was 1.7 months (51.0  days, 95% 
CI 39.0–107.0) in the 0.3-mg/kg cohort, 2.7 months 
(81.5 days, 95% CI 53.0–110.0) in the 1.0-mg/kg cohort, 
3.8 months (114.5 days, 95% CI 38.0–not evaluable) in 
the 3.0-mg/kg cohort, and 3.8 months (117.0 days, 95% 
CI 54.0–232.0) in the 10.0-mg/kg cohort. Kaplan–Meier 
estimates of PFS at 3, 6, and 9 months were 51.4, 30.0, 
and 15.0%, respectively.

3.4 � Pharmacokinetics and Immunogenicity

Summaries of key pharmacokinetic parameters by dose 
cohort after single administration (C1D1) and repeated 
administration (C3D1; steady state) are provided in 
Tables e9 and e10 of the ESM. Serplulimab serum concen-
tration increased with increasing dose, peaking at the end 
of or shortly after the infusion and decreasing gradually 
thereafter. Concentrations remained above the lower limit 
of quantitation for all patients through D15 for all doses 
(Fig. 2a). Steady state was reached by the fifth infusion 
(Fig. 2b). Exposure to serplulimab after the first adminis-
tration, as reflected by area under the concentration–time 
curve from time 0 to infinity and maximum concentration, 
increased in a generally dose-proportional manner (Fig. 2c). 
The pharmacokinetic profile of serplulimab showed a slow 
rate of clearance and a low volume of distribution at both 
C1D1 and C3D1. Elimination half-life was 118.9–180.4 h 
and 134.5–234.9 h at C1D1 and C3D1, respectively. The 
accumulation ratio based on maximum concentration and on 
the area under the concentration–time curve at steady state 
was low and generally consistent across the dose levels (geo-
metric mean 1.2–1.5 and 1.2–2.0, respectively), indicating 
minimal accumulation of serplulimab after the administra-
tion of multiple doses.

Of the 29 patients in the all-treated population, one 
(3.4%) patient (esophageal squamous cell carcinoma, 
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0.3-mg/kg cohort) developed serplulimab ADAs. Positive 
ADA test results were recorded for that patient from C2D1 
to C6D1 and at the follow-up visit 1, with a titer range of 
60–480. At C3D1, the pharmacokinetic parameters for this 
ADA-positive patient were substantially lower than that for 
their ADA-negative counterparts in the 0.3-mg/kg cohort.

3.5 � Potential Biomarkers

As assessed by DNA mismatch repair, one of the 29 patients 
(HCC, 10-mg/kg cohort) in the all-treated population 
showed a loss of nuclear expression on both MSH2 and 
MSH6, indicating an mismatch repair germline mutation; 

Table 1   Patient baseline and disease characteristics (all-treated population)

BMI body mass index, CPS combined positive score, ECOG PS Eastern Cooperative Oncology Group performance status, LVEF left-ventricular 
ejection fraction
a All other primary tumor locations occurred in just one patient each: anaplastic thyroid cancer, hepatocellular carcinoma, invasive ductal breast 
carcinoma, lip and/or oral cavity cancer, malignant melanoma, nasopharyngeal cancer, penile cancer, pleomorphic liposarcoma, renal cell carci-
noma, salivary gland cancer, sarcoma, thymoma
b Aldesleukin (a recombinant interleukin-2)
c Nivolumab (an anti-programmed death 1 antibody)

Characteristic Serplulimab dose cohort

0.3 mg/kg (n = 3) 1.0 mg/kg (n = 4) 3.0 mg/kg (n = 6) 10.0 mg/kg (n = 16) Total population (N = 29)

Age, median (range), years 61.0 (57–64) 60.0 (57–63) 59.0 (38–67) 60.5 (42–83) 60.0 (38–83)
Sex, n (%)
 Male 3 (100.0) 1 (25.0) 3 (50.0) 9 (56.3) 16 (55.2)
 Female 0 3 (75.0) 3 (50.0) 7 (43.8) 13 (44.8)

BMI, median (range), kg/m2 19.3 (17.1–22.8) 23.9 (20.3–33.6) 26.9 (23.2–28.9) 23.0 (18.5–38.3) 23.7 (17.1–38.3)
ECOG PS, n (%)
 0 0 3 (75.0) 5 (83.3) 10 (62.5) 18 (62.1)
 1 2 (66.7) 1 (25.0) 1 (16.7) 6 (37.5) 10 (34.5)
 2 1 (33.3) 0 0 0 1 (3.4)

LVEF, median (range), % 66.0 (53–71) 62.0 (56–66) 72.5 (50–77) 69.5 (57–83) 68.0 (50–83)
Primary tumor location, n (%)
 Lung 1 (33.3) 4 (100.0) 2 (33.3) 3 (18.8) 10 (34.5)
 Colon 1 (33.3) 0 0 2 (12.5) 3 (10.3)
 Tonsil 0 0 0 2 (12.5) 2 (6.9)
 Esophagus 1 (33.3) 0 0 1 (6.3) 2 (6.9)
 Othera 0 0 4 (66.7) 8 (50.0) 12 (41.4)

Tumor stage at baseline, n (%)
 IV 3 (100.0) 4 (100.0) 6 (100.0) 16 (100.0) 29 (100.0)

Disease status at diagnosis, n (%)
 Locally advanced 0 0 0 6 (37.5) 6 (20.7)
 Metastatic 3 (100.0) 4 (100.0) 6 (100.0) 10 (62.5) 23 (79.3)

Location of metastasis, n (%)
 Bone 1 (33.3) 2 (50.0) 0 1 (6.3) 4 (13.8)
 Brain 0 0 1 (16.7) 0 1 (3.4)
 Liver 0 0 0 1 (6.3) 1 (3.4)
 Lung 0 0 0 8 (50.0) 8 (27.6)
 Lymph node 0 0 1 (16.7) 0 1 (3.4)
 Other 2 (66.7) 2 (50.0) 4 (66.7) 0 8 (27.6)

Prior cancer-related therapy, n (%)
 Surgery or other procedure 3 (100.0) 3 (75.0) 6 (100.0) 15 (93.8) 27 (93.1)
 Radiotherapy 1 (33.3) 3 (75.0) 5 (83.3) 11 (68.8) 20 (69.0)
 Chemotherapy 3 (100.0) 4 (100.0) 6 (100.0) 16 (100.0) 29 (100.0)
 Immunotherapy 0 0 1 (16.7)b 1 (6.3)c 2 (6.9)
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Lynch syndrome was suspected, and was interpreted as being 
MSI-high. This patient was one of the two who achieved a 
partial response. Based on the MSI status assessed by the 
Promega MSI Analysis System, one (3.4%) patient had 
MSI-low (MSI-L) tumor cells (0.3 mg/kg cohort) and 21 
(72.4%) patients were MSI stable (Table e7 of the ESM). 
Rates of PD-L1 positivity varied from 13.8% to 31.0% 
according to the PD-L1 detection assay used; the highest 
rate was obtained with the PD-L1 IHC 22C3 pharmDx assay 
(Table e7 of the ESM). The two patients who achieved a par-
tial response were PD-L1 negative according to all three 
PD-L1 detection assays. No association was found between 
biomarker expression and the best percentage change from 
baseline in tumor burden (Fig. 3).

3.6 � Exploratory Pharmacodynamic Analyses

3.6.1 � Programmed Death 1 Receptor Occupancy

Programmed death 1 receptors on circulating CD3+ T cells 
were almost completely occupied by serplulimab from 
24 hours after the first dose (mean range 98.1–100.1%) and 
remained high throughout the study, irrespective of dose 
levels (Table e8 and Fig. e4a of the ESM). Target engage-
ment was observed even at the lowest dose (0.3 mg/kg), and 
PD-L1 occupancy was sustained at rates > 88% through-
out the study in that cohort. Changes in the PD-1 receptor 
occupancy of individual subjects within each dose cohort 
followed the same trend as the mean for that cohort.

Table 3   Summary of tumor response by Response Evaluation Criteria in Solid Tumors version 1.1 (response-evaluable set)

a Two patients in the 1.0-mg/kg cohort and two in 10.0-mg/kg cohort had no post-baseline tumor assessment, and thus were not included in the 
response-evaluable set
b Objective response rate was defined as proportion of patients achieving complete or partial response
c Disease control rate was defined as proportion of patients achieving complete or partial response, or stable disease

Serplulimab dose cohort

0.3 mg/kg (n = 3) 1.0 mg/kg (n = 2) 3.0 mg/kg (n = 6) 10.0 mg/kg 
(n = 14)

Total 
population 
(N = 25)a

Best overall response, n (%)
 Complete response 0 0 0 0 0
 Partial response 0 0 1 (16.7) 1 (7.1) 2 (8.0)
 Stable disease 2 (66.7) 1 (50.0) 2 (33.3) 8 (57.1) 13 (52.0)
 Progressive disease 1 (33.3) 1 (50.0) 2 (33.3) 2 (14.3) 6 (24.0)
 Not evaluable 0 0 0 1 (7.1) 1 (4.0)

Objective response rateb, n (%) 0 0 1 (16.7) 1 (7.1) 2 (8.0)
Disease control ratec, n (%) 2 (66.7) 1 (50.0) 3 (50.0) 9 (64.3) 15 (60.0)

Fig. 1   Percentage change from 
baseline in tumor burden over 
time (response-evaluable set)
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Fig. 2   Serum concentration–time profiles of serplulimab a after 
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3.6.2 � Interleukin‑2 Stimulation Ratio

The mean interleukin-2 stimulation ratio decreased between 
baseline and 24 hours post-dose, with values of around 1 
(range 0.9–1.2) in all dose cohorts, and remained stable until 
the end of the study, indicating a sustained and maximal 
functional blockade (Table e8 and Fig. e4b of the ESM).

4 � Discussion

The findings of this phase I study provide insight into the 
safety, antitumor activity, and pharmacokinetic and pharma-
codynamic characteristics of serplulimab in patients with 
advanced or metastatic solid tumors. Serplulimab was well 
tolerated at doses of 0.3–10.0 mg/kg Q2W, with no unex-
pected safety signals; the MTD was not reached. Serpluli-
mab demonstrated antitumor activity; two patients achieved 
a partial response and 13 had stable disease, yielding an 
ORR of 8.0% and a disease control rate of 60.0%.

The TRAEs reported for serplulimab were generally 
consistent with the safety profile of pembrolizumab in 
another phase I trial [27]. The irAEs reported for ser-
plulimab were similar to those of pembrolizumab and 
nivolumab [28–30]; in all but one patient they were grade 
1–2, with only pruritus and pyrexia occurring in more 
than one patient. Grade ≥ 3 irAEs occurred in one (3.4%) 
patient in the current trial, while they were reported in 
up to 24 and 11% of patients receiving nivolumab and 
pembrolizumab, respectively [31]. There were no cases of 
immune-mediated pneumonitis or hypothyroidism, which 
are known irAEs associated with immune checkpoint 
inhibitors. These findings should be interpreted in light 
of the known variation in irAEs according to tumor type, 
patient comorbidities, and prior treatment history, as well 
as certain lifestyle factors [30].

The pharmacokinetic profile of serplulimab demonstrated 
low clearance, limited volume of distribution, and a long 
elimination half-life; exposure increased approximately dose 
proportionately. These pharmacokinetic characteristics are 
also exhibited by pembrolizumab and nivolumab [31, 32]. 
The volume of distribution at steady state (3.3–3.7 L across 
doses) was comparable to those for nivolumab and pembroli-
zumab (central/peripheral volumes of distribution: 3.6/2.8 L 
and 3.5/4.1 L, respectively), as was clearance at steady state 
with serplulimab 1.0–10.0 mg/kg (0.01 L/h [0.24 L/day] vs 
0.22–0.25 L/day for pembrolizumab) [31]. Accumulation of 
serplulimab was minimal after repeated administration, with 
ratios similar or slightly lower than those reported for pem-
brolizumab and nivolumab (Rac 1.2–2.0 across doses for ser-
plulimab vs 2.1 for pembrolizumab and 3.7 for nivolumab, 
respectively) [28, 29]. Serplulimab, like other PD-1 inhibi-
tors, appears to have minimal potential for immunogenicity, 

with only one (3.4%) patient in the present study develop-
ing serplulimab ADAs (vs 11.2% [nivolumab] and 0.7–2.5% 
[pembrolizumab]) [31]. The small patient sample and differ-
ences in study design should be considered when interpret-
ing this difference.

The pharmacodynamic findings demonstrate that ser-
plulimab has a high affinity for the PD-1 receptor, and 
induced sustained target engagement throughout the study. 
Programmed death 1 binding was saturated and func-
tional blockade was induced at the lowest dose of 0.3 mg/
kg. Receptor occupancy may be greater with serpluli-
mab (median > 88% at 0.3 mg/kg) than with nivolumab 
(median > 65% at doses of 1–10 mg/kg) [33]. Moreover, 
there appeared to be no dose dependency, as PD-1 receptor 
occupancy remained high across dose groups until the end 
of the study regardless of fluctuations in the mean serum 
serplulimab concentration.

Tumor response in this study might be confounded by 
a small patient sample that was heterogeneous with regard 
to tumor type, biomarker status, and treatment history. 
Early phase I trials of nivolumab and pembrolizumab have 
demonstrated similarly low response rates, but subsequent 
investigations in larger populations or populations selected 
for tumor types or tumor biomarkers have revealed greater 
efficacy. Therefore, the present efficacy findings support 
further investigation of serplulimab in selected and larger 
patient populations.

There is increasing interest in biomarkers that may 
predict response to immunotherapy, and while there is 
currently a plethora of potential candidates [34], none 
has yet been declared robust or been clinically validated. 
Most of the present study population had PD-L1-negative 
tumors; therefore, the potential predictive and prognostic 
potential of PD-L1 expression for serplulimab efficacy 
requires further exploration. In this study, no association 
was found between the biomarkers tested (MSI status, 
PD-L1 expression) and the best percentage change from 
baseline in tumor burden.

Serplulimab was first approved by the China National 
Medical Products Administration for the treatment of 
adult patients with advanced, unresectable, or metastatic 
MSI-high solid tumors that have failed to respond to pre-
vious standard treatments [21, 35, 36]. The chosen reg-
istration dose of 3.0 mg/kg for the aforementioned first 
approval was selected based on a comprehensive analy-
sis of the predicted clinical efficacy dose of serplulimab 
from our pre-clinical data, its pharmacokinetic/pharmaco-
dynamic relationship, the safety and efficacy data of the 
dose escalation study, and comparisons of the activity and 
pharmacokinetic exposures with other drugs in the same 
class. In November 2022 and January 2023, serplulimab 
in combination with chemotherapy received additional 
National Medical Products Administration approvals for 
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the first-line treatment of squamous non-small cell lung 
cancer [37] and the first-line treatment of extensive-stage 
small cell lung cancer [38, 39], respectively. Recently 
published data have also shown promising antitumor 
activity and a manageable safety profile with serpluli-
mab administered in combination with chemotherapy in 
patients with esophageal squamous cell carcinoma [40], 
HCC [41], and cervical cancer [42].

Several limitations should be considered when inter-
preting the findings, including the phase I study design, 
the interim nature of the analyses, the small sample sizes 
for each cohort, and the variety of tumor types treated. 
Only Asian patients were enrolled in this study; however, 
serplulimab is currently being studied in more ethnically 
and racially diverse populations in international clinical 
trials. In addition, serplulimab dosing has yet to be opti-
mized; the efficacy findings may have been limited by the 
treatment of some evaluable patients at suboptimal doses. 
Further studies in larger patient populations are warranted 
to confirm these findings.

5 � Conclusions

Serplulimab was well tolerated at doses of 0.3–10.0 mg/
kg Q2W. The pharmacokinetic profile of serplulimab 
was favorable, with minimal accumulation after repeated 
administration. Pharmacodynamic studies revealed that 
saturated PD-1 binding/functional blockade occurred at all 
doses tested. The immunogenic potential of serplulimab 
was also minimal. Preliminary efficacy findings showed 
promising antitumor activity. Taken together, these data 
support further study of serplulimab in larger patient 
cohorts.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40259-​023-​00639-w.
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