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ABSTRACT
Background: Ivonescimab (AK112) is a first-in-class bispecific antibody that simultaneously targets programmed death-1 (PD-
1) and vascular endothelial growth factor (VEGF) with cooperative binding. We report the safety, pharmacokinetics (PK), and 
pharmacodynamics (PD) profiles of ivonescimab in patients suffered from advanced solid tumors.
Methods: A multicenter, open-label, dose-escalation, phase I study was conducted in five hospitals in China. Ivonescimab was 
used as a monotherapy. The dose of ivonescimab intravenously administered was 3, 5, 10, 20, and 30 mg/kg every 2 weeks (Q2W), 
and 10 and 20 mg/kg every 3 weeks (Q3W). Safety, PK, and PD of ivonescimab were evaluated.
Results: A total of 59 patients treated in the study. Only one dose-limiting toxicity (DLT) occurred in 1 out of 9 patients in the 
10 mg/kg Q2W cohort, indicating that no maximum tolerated dose was reached. Among the participants, 53 patients (89.8%) 
experienced treatment-related adverse events (TRAEs), with the most common being proteinuria (33.9%), aspartate aminotrans-
ferase elevation (27.1%), white blood cell count decrease (22.0%), alanine aminotransferase elevation (20.3%), and anemia (20.3%). 
Fourteen patients (23.7%) had ≥ Grade 3 TRAEs, and 7 patients (11.9%) experienced serious TRAEs. Notably, there were no 
reported deaths associated with the TRAEs, and no dose-dependent increase in adverse events was observed. The half-life of 
ivonescimab ranged from 5.0 to 7.3 days following single-dose administration across all dose levels. The serum concentrations 
of ivonescimab increased with escalating doses in an approximately dose-proportional manner. Following multiple doses, the 
accumulation ratio ranged from 1.1 to 1.7, suggesting mild accumulation of ivonescimab. The steady state was achieved after 5 
doses. Ivonescimab occupancy on PD-1 sustained over 80% across the treatment period. Serum VEGF level was rapidly down-
regulated after each administration.
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Conclusions: In patients with advanced solid tumors, ivonescimab monotherapy was well-tolerated and demonstrated a linear 
PK characteristics. PD profiles showed the promising potential of ivonescimab for the management of advanced solid tumors.
Trial Registration: Clini​calTr​ials.​gov (NCT04597541)

1   |   Introduction

The mechanism of tumor growth is complicated, angiogenesis 
pathways and immune-escape pathways were found to be involved 
[1–3]. Angiogenesis refers to the growth of new blood vessels from 
existing ones, and this process is essential to the proliferation and 
survival of tumor cells. Vascular endothelial growth factor (VEGF) 
plays a key role in tumor angiogenesis and is overexpressed in 
many solid tumors [4, 5]. Programmed death-1 (PD-1), an inhib-
itory receptor on activated T cells, suppresses T cells activation by 
binding with programmed death-ligand 1 (PD-L1). Tumor tissue 
expressing PD-L1 leads to tumor immune evasion [6]. A combina-
tion of anti-PD-1/L1 antibody and anti-VEGF antibody is expected 
to exert complementary and synergistic anti-tumor effects.

A number of clinical trials have been developed to explore 
the clinical benefits of such combinatory approach. A Phase 
2 study demonstrates that combining bevacizumab, an anti-
VEGF agent, and nivolumab, a PD-1 inhibitor, has potential 
anti-tumor efficacy in women with relapsed ovarian cancer 
[7]. Bevacizumab combined with atezolizumab (a PD-L1 in-
hibitor) is considered as a first-line treatment option for un-
treated metastatic renal cell carcinoma [8–10]. While the 
prognosis for non-small cell lung cancer (NSCLC) treated with 
anti-PD-1 plus platinum-doublet chemotherapy remains poor, 
a phase 3 study concludes that adding bevacizumab results in 
improved outcomes, with the combination of bevacizumab 
and atezolizumab proving more effective than bevacizumab 
alone [11]. This combination also shows anti-tumor activity in 
hepatocellular carcinoma [12] and metastatic colorectal can-
cer [13]. These findings strongly indicate that the combination 
of anti-PD-1/L1 and anti-VEGF therapies represents a promis-
ing anti-tumor strategy.

Ivonescimab (AK112) is a groundbreaking bispecific antibody en-
gineered to specifically target both PD-1 and VEGF in a cooperative 
manner such that the binding of each target enhances the binding 
of the other target. Unlike the traditional approach of combining 
separate anti-PD-1/L1 and anti-VEGF antibodies, ivonescimab 
alone can simultaneously achieve anti-PD-1 and anti-VEGF ef-
fects, and the ability to cooperatively bind the targets enhances 
this therapeutic outcome, offering a more efficient and convenient 
therapeutic option. Besides, VEGF, apart from its role in stimulat-
ing tumor angiogenesis, also serves as a key immunosuppressive 
factor in the tumor microenvironment. It is known that VEGF 
stimulates PD-1 expression in tumor-infiltrating CD8+ T cells [14]. 
The expression of VEGF and PD-1 is strongly correlated within 
the tumor microenvironment. Therefore, blocking both PD-1 and 
VEGF simultaneously with ivonescimab might offer a more tar-
geted enrichment of drug in the tumor microenvironment.

Based on the preclinical pharmacodynamics and toxicological 
study data for ivonescimab [15] and the promising evidence of 
clinical efficacy with manageable safety profile that have been 

observed for the combination of anti-PD-1/L1 and anti-VEGF 
drugs across a range of tumor types in early or late-stage clinical 
trials, we have sound scientific rationales for clinical investiga-
tion of ivonescimab in patients with solid tumors.

The first-in-human study of ivonescimab (AK112-101) was con-
ducted in Australia, and findings on its safety, anti-tumor ac-
tivity, pharmacokinetics (PK), and pharmacodynamics (PD) in 
Australian patients with advanced solid tumors have been recently 
published [16]. It is recognized that drug responses may be differ-
ent across ethnic groups. This study (AK112-102) was therefore 
conducted to investigate ivonescimab in Chinese patients. A phase 
II study (AK112-201) on ivonescimab combined with chemother-
apy for advanced NSCLC, a phase Ib/II study (AK112-202) on 
ivonescimab as first- or second-line therapy for advanced NSCLC, 
and a phase III study (AK112-301) of ivonescimab plus chemother-
apy for advanced NSCLC with epidermal growth factor receptor 
variant were also conducted in China and have been published 
[17–19]. However, these publications did not cover PK and PD 
of ivonescimab. Here we report the phase I study of AK112-102. 
Safety, PK, PD, and immunogenicity of ivonescimab in Chinese 
patients are described.

2   |   Methods

2.1   |   Study Design

AK112-102 was designed as a multicenter, open-label, phase I/
II study. Phase I was focused on dose-escalation and phase II 
was a dose-expansion phase. The dose-expansion phase was not 
undertaken owing to a decision that unrelated to patient safety 
issues made by the sponsor.

The primary endpoint was safety. The secondary endpoints in-
cluded anti-tumor activity (data not shown), PK, and immuno-
genicity. The exploratory endpoint was PD.

In the dose-escalation phase, patients received the following 
doses of ivonescimab: 3, 5, 10, 20, and 30 mg/kg every 2 weeks 
(Q2W) in a 3 + 3 + 3 design to determine the maximum-
tolerated dose (MTD). Moreover, to explore an alternative 
dosing schedule of every 3 weeks (Q3W), dose levels of 10 mg/
kg Q3W and 20 mg/kg Q3W were also investigated. Each dose 
level's safety was monitored for 28 days before progressing to 
the next dose level. If a dose level did not exceed the MTD, 
it could be expanded to a maximum of 18 subjects. Dose es-
calation would be terminated if dose-limiting toxicity (DLT) 
was observed in ≥ 33% of patients or even if the MTD was not 
reached by the end of the per-protocol dose-escalation phase.

MTD was identified as the highest dose level where < 33% of 
patients experienced a DLT within the initial 28 days (the DLT 
observation period). A DLT was defined based on the frequency 
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and severity of treatment-related adverse events (AEs) during 
this observation period. The detailed definitions of DLTs evalu-
ated to be related to ivonescimab are listed in Table S1.

2.2   |   Study Treatment

Ivonescimab was used as a monotherapy in the dose-escalation 
phase. It was administered via intravenous infusion over a 
period of 60–120 min (± 10 min) on day 1 and day 15 of each 
28-day treatment cycle for Q2W cohorts, and on day 1 of each 
21-day treatment cycle for Q3W cohorts. The administration 
of ivonescimab continued until a maximum of 24 months, the 
development of unacceptable toxicity, radiographic disease pro-
gression, death, loss to follow-up, sponsor termination of the 
study, subject withdrawal of consent, or other termination cri-
teria in the protocol were met. The safety follow-up period was 
30 days after the end of treatment. Patients were followed up 
every 12 weeks for survival.

2.3   |   Patients

AK112-102 was conducted at five sites in China. Approval 
was obtained from independent ethics committee at each site. 
Prior to enrolling in the study, all patients provided their writ-
ten informed consent. The study was performed in accordance 
with the Good Clinical Practice guidelines and the Declaration 
of Helsinki. The study is registered on Clini​calTr​ials.​gov 
(NCT04597541).

Eligible patients participating in the study were 18–75 years old 
and had histologically or cytologically confirmed advanced or 
metastatic solid tumors. These patients have experienced treat-
ment failure with at least one prior standard therapy, or had no 
effective standard therapy available, or were unable to tolerate 
or refused to receive standard therapy. Patients were required 
to have at least one measurable lesion for tumor assessment. A 
performance status of 0 or 1 according to Eastern Cooperative 
Oncology Group performance status (ECOG PS), a life expec-
tancy of minimum 12 weeks, and satisfactory bone marrow, 
liver, and renal function were also required.

Patients were excluded if they reported known severe hypersen-
sitivity reactions to other monoclonal or bispecific antibodies; 
active malignancy within the past 5 years except for the tumor 
for which a subject was enrolled in the study and locally curable 
cancers that have been apparently cured; concurrent enrollment 
in another clinical study; receipt of systemic anti-tumor therapy 
within 3 weeks or treatment with small-molecule tyrosine ki-
nase inhibitor within 2 weeks before the first dose of investiga-
tional product; known brainstem or leptomeningeal metastases, 
or spinal cord metastasis or compression, or active central ner-
vous system metastases; pleural effusion, pericardial effusion, or 
ascites with clinical symptoms or requiring repeated drainage. 
Patients were also excluded if the imaging at screening showed 
that tumors surrounded important blood vessels or had obvious 
necrosis or cavities, and the investigator determined that par-
ticipation in the study would cause a risk of bleeding during the 
study period. Additional exclusion criteria included history and/

or current evidence of gastrointestinal perforation, surgical and 
wound healing complications, and bleeding events; current ev-
idence of clinically significant cardiac disease or uncontrolled 
diseases; receipt of any PD-1/PD-L1/CTLA-4 inhibitors or any 
immunotherapy ever. The full inclusion and exclusion criteria 
are outlined in Table S2.

2.4   |   Assessments

Safety was assessed through AEs, lab values, physical exams, 
vital signs, electrocardiogram, and anti-drug antibodies (ADAs) 
positivity. A treatment-emergent AE (TEAE) referred to an AE 
that either newly appeared or worsening from the first dose of 
investigational product up to the safety follow-up. A treatment-
related AE (TRAE) was defined as a TEAE that was related to 
or possibly related to the investigational product as per the in-
vestigator, or a TEAE with missing assessment of the causality. 
Severity of AEs was graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(NCI CTCAE) version 5.0.

ADA blood samples were collected before ivonescimab infusion 
on day 1 of Cycles 1, 2, 3, 4, 6, 8, 10, 12, and every 2 cycles thereaf-
ter; as well as 30 and 90 days after the last ivonescimab infusion. 
ADAs were measured using an electrochemiluminescent im-
munoassay using Meso Scale Discovery technology (Rockville, 
Maryland, USA). A screening assay was followed by a confirma-
tory assay. If both assays returned a positive result, the sample 
was categorized as ADA positive and the titer evaluation was 
applied. Samples that presented treatment-emergent ADA posi-
tive were further assayed for their neutralizing activity.

PK and PD blood samples were obtained at specified time points 
detailed in Tables S3 and S4, respectively. Serum concentrations 
of ivonescimab for PK analysis were determined by a validated 
enzyme-linked immunosorbent assay (ELISA) with a lower 
limit of quantification of 0.01 μg/mL. PD assessments included 
receptor occupancy (RO) on PD-1 of peripheral blood CD3+ T 
cells and serum level of VEGF. RO was tested by qualified flow 
cytometry. Serum concentrations of VEGF were measured by 
ELISA with a lower limit of quantification of 15.6 pg/mL.

2.5   |   Statistical Analysis

No formal sample size estimation was performed. Fifty-four pa-
tients were planned for enrollment. Demographics and baseline 
characteristics, safety, drug concentration, PK, and PD were pre-
sented as descriptive statistics. PK parameters were estimated 
using non-compartmental analysis by Phoenix WinNonlin soft-
ware (version 8.2 or above; Certara USA Inc., Princeton, New 
Jersey, USA). The definitions of PK parameters can be found 
in Table  S5. Dose proportionality in Q2W cohorts was evalu-
ated using a power model on log-transformed PK parameters 
relative to log-transformed dose, which is described as log(pa-
rameter) = loga + β × log(dose) + error, where a represents the 
intercept and β represents the slope. All the statistical analyses 
were performed using SAS software (version 9.4 or above; SAS 
Institute Inc., Cary, North Carolina, USA).
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3   |   Results

3.1   |   Patients

Among 93 patients screened, a total of 59 patients were enrolled 
and received treatment with ivonescimab (Figure  1). The me-
dian age was 55 years (range: 24–73 years) and the majority were 
female (59.3%) (Table  1). Forty-three patients (72.9%) had an 
ECOG PS of 1. The most common tumor types were colorectal 
cancer (n = 10, 16.9%), epithelial ovarian cancer (n = 6, 10.2%), 
hepatocellular carcinoma (n = 6, 10.2%), cervical cancer (n = 6, 
10.2%), and breast cancer (n = 5, 8.5%). The median number of 
previous systemic therapy lines for metastatic disease was two 
(range: 0–6), with 39% of patients having received at least three 
systemic therapy lines for metastatic disease. Fifty-eight pa-
tients (98.3%) received prior chemotherapy, 19 patients (32.2%) 
received prior anti-PD-1 immunotherapy, 39 patients (66.1%) 
received prior VEGF-targeted therapy, and 14 patients (23.7%) 
received prior anti-PD-L1 plus anti-VEGF therapy.

As of data cutoff on July 30, 2023, the median follow-up was 
24.1 months (range: 1.7–30.3 months). Ivonescimab treatment 
was still ongoing for one of 6 patients in the 30 mg/kg Q2W cohort. 

The median duration of exposure to ivonescimab for all patients 
was 113 days (range: 14–716 days) and the median treatment fre-
quency was 5 times (range: 1–36 times). Table S8 summarizes the 
duration of exposure to ivonescimab in each dosage cohort.

3.2   |   Safety

One DLT occurred in one patient (< 33%) receiving one dose of 
10 mg/kg Q2W ivonescimab. The patient developed immune-
mediated cholangitis (CTCAE Grade 3) on Cycle 1 day 8, which 
the investigator deemed possibly related to ivonescimab. This 
patient discontinued ivonescimab treatment thereafter. No other 
DLTs were observed. Therefore, the MTD of ivonescimab was 
not identified within the 3–30 mg/kg dose range.

AEs are summarized in Table 2. Among 59 patients, 56 patients 
(94.9%) experienced at least one TEAE, with 53 patients (89.8%) ex-
periencing at least one TRAE. TRAEs that occurred in ≥ 20% of pa-
tients were proteinuria (33.9%), aspartate aminotransferase increase 
(27.1%), white blood cell count decrease (22.0%), alanine amino-
transferase increase (20.3%), and anemia (20.3%). Grade 3 or higher 
TRAEs were reported in 14 patients (23.7%), with hypertension 

FIGURE 1    |    Study flow and patient disposition. Patients who received at least one dose of ivonescimab were included in SS; patients who had at 
least one valid on-treatment PK variable were included in PKS; patients with baseline and at least one evaluable post-baseline PD data were included 
in PDS. i.v., intravenous; Q2W, every 2 weeks; Q3W, every 3 weeks; SS, safety analysis set; PK, pharmacokinetic; PKS, PK analysis set; PD, pharma-
codynamic; PDS, PD analysis set. *Patient disposition at the time of data cutoff.
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TABLE 1    |    Baseline characteristics of patients.

Characteristic
3 mg/kg 

Q2W (n = 10)
5 mg/kg 

Q2W (n = 10)
10 mg/kg 

Q2W (n = 9)
20 mg/kg 

Q2W (n = 12)
30 mg/kg 

Q2W (n = 6)
10 mg/kg 

Q3W (n = 6)
20 mg/kg 

Q3W (n = 6) Total (n = 59)

Age (years)

Median 54.0 51.5 57.0 59.5 47.5 56.0 54.5 55.0

Min, Max 37.0, 68.0 35.0, 68.0 52.0, 67.0 42.0, 73.0 24.0, 59.0 51.0, 58.0 28.0, 73.0 24.0, 73.0

≤ 65, n (%) 9 (90.0) 8 (80.0) 8 (88.9) 9 (75.0) 6 (100.0) 6 (100.0) 5 (83.3) 51 (86.4)

> 65, n (%) 1 (10.0) 2 (20.0) 1 (11.1) 3 (25.0) 0 0 1 (16.7) 8 (13.6)

Sex, n (%)

Male 6 (60.0) 1 (10.0) 3 (33.3) 5 (41.7) 4 (66.7) 2 (33.3) 3 (50.0) 24 (40.7)

Female 4 (40.0) 9 (90.0) 6 (66.7) 7 (58.3) 2 (33.3) 4 (66.7) 3 (50.0) 35 (59.3)

Race, n (%)

Asian 10 (100.0) 10 (100.0) 9 (100.0) 12 (100.0) 6 (100.0) 6 (100.0) 6 (100.0) 59 (100.0)

Weight (kg)

Median 60.0 50.5 58.0 56.4 56.0 57.9 62.7 56.0

Min, Max 49.6, 85.4 45.4, 68.0 43.0, 78.2 42.0, 68.8 45.0, 88.3 36.2, 81.2 46.6, 80.2 36.2, 88.3

BMI (kg/m2)

Median 23.5 20.6 22.3 22.3 20.3 22.2 24.0 22.2

Min, Max 19.9, 28.7 19.1, 28.7 19.2, 29.4 16.1, 26.3 18.3, 31.3 16.5, 28.8 17.9, 32.3 16.1, 32.3

ECOG PS, n (%)

0 6 (60.0) 1 (10.0) 4 (44.4) 2 (16.7) 2 (33.3) 1 (16.7) 0 16 (27.1)

1 4 (40.0) 9 (90.0) 5 (55.6) 10 (83.3) 4 (66.7) 5 (83.3) 6 (100.0) 43 (72.9)

Tumor histology, n (%)

Epithelial ovarian 1 (10.0) 3 (30.0) 1 (11.1) 1 (8.3) 0 0 0 6 (10.2)

Non-small cell lung 0 1 (10.0) 0 0 0 0 0 1 (1.7)

Hepatocellular 0 0 1 (11.1) 1 (8.3) 2 (33.3) 2 (33.3) 0 6 (10.2)

Colorectal 6 (60.0) 1 (10.0) 3 (33.3) 0 0 0 0 10 (16.9)

Gastric 0 0 1 (11.1) 2 (16.7) 1 (16.7) 0 0 4 (6.8)

Renal cell 0 0 0 0 1 (16.7) 0 2 (33.3) 3 (5.1)

Small cell lung 0 0 1 (11.1) 0 0 0 2 (33.3) 3 (5.1)

Cervical 2 (20.0) 2 (20.0) 1 (11.1) 0 1 (16.7) 0 0 6 (10.2)

Esophageal 0 1 (10.0) 0 0 0 0 0 1 (1.7)

Breast 0 0 0 1 (8.3) 0 3 (50.0) 1 (16.7) 5 (8.5)

Endometrial 0 1 (10.0) 1 (11.1) 0 0 0 0 2 (3.4)

Others 1 (10.0) 1 (10.0) 0 7 (58.3) 1 (16.7) 1 (16.7) 1 (16.7) 12 (20.3)

Lines of prior chemotherapy, n (%)

0 0 0 0 1 (8.3) 0 0 0 1 (1.7)

1 1 (10.0) 2 (20.0) 2 (22.2) 6 (50.0) 2 (33.3) 0 1 (16.7) 14 (23.7)

2 3 (30.0) 5 (50.0) 2 (22.2) 2 (16.7) 4 (66.7) 3 (50.0) 2 (33.3) 21 (35.6)

3 2 (20.0) 2 (20.0) 4 (44.4) 3 (25.0) 0 2 (33.3) 2 (33.3) 15 (25.4)

4 2 (20.0) 1 (10.0) 0 0 0 1 (16.7) 1 (16.7) 5 (8.5)

5 1 (10.0) 0 1 (11.1) 0 0 0 0 2 (3.4)

6 1 (10.0) 0 0 0 0 0 0 1 (1.7)

Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; Q2W, every 2 weeks; Q3W, every 3 weeks.
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(5.1%) being the most common (≥ 5% frequency). Serious TRAEs 
were reported in 7 patients (11.9%). Two patients (3.4%) discontin-
ued treatment due to a TRAE, which included Grade 2 immune-
mediated pneumonitis and Grade 3 immune-mediated cholangitis. 
No deaths were reported among all the TRAEs. In addition, a con-
sistent safety profile was found across the 7 dose cohorts.

The immunogenicity analysis excluded 4 patients because post-
baseline ADA results were not available for them. Table S6 summa-
rizes the incidence of immunogenicity in 55 patients. Post-baseline 
ADAs were detected in 8 out of 55 patients (14.5%). Among them, 
5 patients (9.1%) developed non-treatment-emergent ADAs, while 
treatment-emergent ADAs were found in 3 patients (5.5%) from the 
3 mg/kg Q2W (n = 2) and 5 mg/kg Q2W (n = 1) cohorts. Of these 
3 patients, 2 from the 3 mg/kg Q2W cohort developed anti-PD-1 
neutralizing antibodies, whereas all of them developed anti-VEGF 
neutralizing antibodies.

3.3   |   Pharmacokinetics

The serum concentration-time curves of ivonescimab following 
a single dose are presented in Figure 2A,B, showing an increase 
in serum concentrations with doses ranging from 3 to 30 mg/kg. 
Table 3 summarizes the PK parameters, including median time 
to reach the maximum concentration (Tmax), mean half-life (t1/2), 
and mean clearance (CL) across all dose cohorts, falling within 
the ranges of 1.10–3.95 h, 4.98–7.30 days, and 0.328–0.491 L/day, 
respectively. There was no apparent dose-dependence in Tmax, 
t1/2, and CL. Both maximum concentration (Cmax) and area under 
the concentration-time curve (AUC) increased in a dose-related 
manner in the range of 3 to 30 mg/kg (Figures S1A,B). The slopes 
(β) for Cmax, AUC0-t, and AUC0-∞ were 0.96 (90% confidence in-
terval [CI], 0.90–1.02), 0.99 (90% CI, 0.92–1.05), and 1.04 (90% CI, 
0.97–1.11), respectively (Table 4).

After multiple dosing, a similar PK profile was observed 
(Figure  2C,D). The median Tmax,ss ranged from 1.00 to 4.60 h 
and the mean CLss ranged from 0.307 to 0.414 L/day (Table 3). 
PK parameters such as Tmax,ss, t1/2,ss, and CLss were comparable 
among different dose levels. Cmax,ss and AUC0-τ,ss showed a dose-
proportional increase in the 3 to 30 mg/kg range (Figure S1C,D). 
The slopes (β) for Cmax,ss and AUC0-τ,ss were 1.06 (90% CI, 
0.97–1.16) and 1.03 (90% CI, 0.92–1.14), respectively (Table  4). 
Upon multiple dosing, the mean accumulation ratios of Cmax and 
AUC, namely Rac,Cmax and Rac,AUC0-τ, ranged between 1.16–1.49 
and 1.13–1.68, respectively, suggesting a mild accumulation of 
ivonescimab exposure at steady state (Table 3).

The serum trough concentrations of ivonescimab following 
multiple doses are listed in Table  S7 and the serum trough 
concentration-time curves are displayed in Figure 3. The find-
ings revealed a relatively constant mean trough concentration of 
ivonescimab after approximately 5 doses.

3.4   |   Pharmacodynamics

The results of PD analyses are presented in Figure 4 and Table 5. 
For all dose cohorts, the mean ivonescimab occupancy on PD-1 
rapidly increased to approximately 90% 1 day after the first dose, A
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and maintained over 80% throughout the treatment period 
(Figure 4A and Table 5).

Serum VEGF level decreased after the first dose in all cohorts 
except the 10 mg/kg Q3W cohort, compared to the baseline 
(Figure  4B and Table  5). The mean percentage changes from 
baseline for these cohorts within 1 day after the first dose were 

up to −63.3%, −95.9%, −96.4%, −80.2%, −94.2%, and − 89.1%, 
respectively. At Day 8, a gradual increase was observed, 
and the mean percentage changes from baseline elevated to 
−35.2%, −40.6%, −21.9%, −2.61%, −70.1%, and − 44.1%, respec-
tively. Before the second dose, the mean percentage changes 
from baseline were − 48.9%, −37.0%, −33.9%, 14.6%, −51.6%, 
and − 32.9%, respectively. The trend of initial decrease followed 

FIGURE 2    |    Serum concentrations of ivonescimab following single-dose and multiple-dose intravenous administrations. The serum concentration-
time curves of ivonescimab in (A) Q2W and (B) Q3W cohorts after a single dose, and the serum concentration-time curves of ivonescimab in (C) Q2W 
and (D) Q3W cohorts after multiple doses were displayed. Data were expressed as mean + SD. Q2W, every 2 weeks; Q3W, every 3 weeks.
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by gradual increase of serum VEGF level were observed after 
each ivonescimab administration. In addition, these changes in 
serum VEGF level were not associated with the escalating dose 
of ivonescimab.

However, serum VEGF level at 10 mg/kg Q3W increased from 
baseline after the first dose (Figure 4B and Table 5). At the end 
of the first dose, the mean percentage change from baseline was 
162%, and it remained higher than those of other cohorts at the 
first 3 cycles.

4   |   Discussion

In this study, ivonescimab was investigated for the first time 
in Chinese patients suffered from advanced solid tumors. The 
treatment was well-tolerated across all dose cohorts, with 
both single and multiple administrations. Only one patient in 
the 10 mg/kg Q2W cohort experienced possibly ivonescimab-
induced CTCAE Grade 3 immune-mediated cholangitis after 
one infusion, which was the only one DLT observed in this 
study. This patient died of respiratory failure that was not re-
lated to ivonescimab after withdrawing from the study. No more 
cases of immune-mediated cholangitis were reported in other 
patients, even at doses up to three times higher. As a result, the 
MTD of ivonescimab was not reached in this study.

Fifty-three patients (89.8%) reported at least one TRAE. The most 
common TRAEs were proteinuria and aspartate aminotrans-
ferase increased. No unexpected safety signals were identified, 
except for known AEs associated with other anti-PD-1/PD-L1/
VEGF antibodies. A lower incidence of ≥ Grade 3 TRAEs (23.7%) 
and serious TRAEs (11.9%) was observed compared with those 
in the IMbrave150 study (45.3% and 23.1%) [20], in which bevaci-
zumab (an anti-VEGF agent) plus atezolizumab (a PD-L1 inhibi-
tor) was used. The incidence of ≥ Grade 3 TRAEs (23.7%) in this 
study was comparable to that in a phase 2 study of bevacizumab 
plus nivolumab (a PD-1 inhibitor) [7]. Of all the TRAEs, no deaths 
were reported. Additionally, the safety profile remained consistent 

across ivonescimab doses in the range of 3–30 mg/kg, suggesting 
the incidence of AEs was not dose-dependent. The safety profile of 
ivonescimab in this study among Chinese patients was consistent 
with the known profile established in the first-in-human study 
(AK112-101) involving Australian patients [16]. Overall, no appar-
ent safety concerns were indicated for the further development of 
ivonescimab. The following phase Ib, phase II, and phase III stud-
ies of ivonescimab as monotherapy or in combination with che-
motherapy in patients with advanced NSCLC [17–19] have further 
demonstrated acceptable safety profiles in a larger sample size.

The ivonescimab was rapidly absorbed after a single dose with a 
median Tmax of 1.10–3.95 h. Thereafter, ivonescimab was slowly 
eliminated from the body with a mean t1/2 of 4.98–7.30 days and 
a mean CL of 0.328–0.491 L/day. Following multiple dosing, the 
median Tmax,ss and mean CLss were 1.00–4.60 h and 0.307–0.414 L/
day, respectively, suggesting similar PK characteristics to those 
after a single dose. No apparent dose-dependence was found in 
PK parameters, such as Tmax, t1/2, and CL between 3 and 30 mg/
kg. Nevertheless, the Cmax and AUC of ivonescimab increased 
in a dose-related manner from 3 to 30 mg/kg. Statistical analysis 
demonstrated that the slopes (β) for Cmax and AUC were near 1 and 
the 90% CI for β included 1, suggesting the relationship between 
exposure and dose was approximately proportional.

Recently published AK112-101 study reported PK profile of ivo-
nescimab following single-dose and multiple-dose administra-
tions in Australian patients [16]. After the first dosing, the mean 
Cmax for 3, 10, 20, and 30 mg/kg Q2W cohorts was 77.8, 240, 511, 
and 672 μg/mL, respectively; the mean AUC0-t was 409, 1220, 
2790, and 3580 day·μg/mL, respectively; and the mean t1/2 was 
4.53, 6.13, 6.60, and 6.03 days, respectively, which were simi-
lar to those reported in the current study in Chinese patients. 
This suggests that there is no evidence of PK differences be-
tween Chinese and non-Chinese populations for ivonescimab 
monotherapy.

The mean accumulation ratios of Cmax and AUC for all dose 
cohorts ranged between 1.16–1.49 and 1.13–1.68, respectively, 
indicating mild accumulation of ivonescimab. Furthermore, 
with administration every 2 or 3 weeks, the mean trough con-
centration of ivonescimab appeared to be relatively constant fol-
lowing approximately 5 doses, indicating that a steady state was 
achieved after the fifth dose during treatment.

Treatment-emergent ADAs were detected in three patients 
(5.5%), all with neutralizing potential. As expected, no correla-
tion was observed between ADA development and the dosage 
given. Due to the sample size of this study, the impact of neu-
tralizing ADAs on PK parameters will be explored in the future 
population PK model.

PD studies explored PD-1 occupancy and serum VEGF level 
as an indication of target engagement. The results showed 
that ivonescimab occupancy on PD-1 remained high (> 80%) 
throughout the treatment period and serum VEGF level quickly 
dropped to near zero after each ivonescimab administration. 
There were no dose-dependent changes in PD-1 occupancy and 
serum VEGF level. The PD data were consistent with that ob-
served in Australian patients [16]. These findings demonstrate 
that ivonescimab has a high affinity to PD-1 and VEGF, making 

TABLE 4    |    Dose proportionality assessment for pharmacokinetic 
parameters of ivonescimab.

Parameter

Dose 
range 

(mg/kg)
Estimate 

(β)

90% 
confidence 

interval

After a single dose

Cmax 3–30 0.96 [0.90, 1.02]

AUC0-t 3–30 0.99 [0.92, 1.05]

AUC0-∞ 3–30 1.04 [0.97, 1.11]

After multiple doses

Cmax,ss 3–30 1.06 [0.97, 1.16]

AUC0-τ,ss 3–30 1.03 [0.92, 1.14]

Abbreviations: AUC0-∞, the area under the concentration-time curve from 0 to 
infinity; AUC0-t, the area under the concentration-time curve from 0 to t days; 
AUC0-τ,ss, the area under the concentration-time curve during a dosing interval 
at steady state; Cmax, the maximum concentration; Cmax,ss, the maximum 
concentration at steady state.
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ivonescimab a promising treatment option for advanced solid 
tumors.

Interestingly, the serum VEGF level gradually came back up 
after decreasing prior to the next ivonescimab administration. 

It is well established that bleeding events are major AEs re-
ported in clinical trials of VEGF blocking agents. The disruption 
of the VEGF signaling pathway, leading to capillary integ-
rity loss in tissues, is a key mechanism behind such bleeding. 
Bevacizumab, a typical anti-VEGF agent, is known to maintain 

FIGURE 3    |    Serum trough concentrations of ivonescimab following multiple-dose intravenous administration. Linear plots of serum trough 
concentration-time profiles of ivonescimab in (A) Q2W and (B) Q3W cohorts after multiple doses were depicted. Semi-logarithmic plots of serum 
trough concentration-time profiles of ivonescimab in (C) Q2W and (D) Q3W cohorts after multiple doses were depicted. Data were expressed as 
mean + SD. Q2W, every 2 weeks; Q3W, every 3 weeks; semi-log, semi-logarithmic.
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constant suppression of VEGF in the serum [21], causing se-
vere hemorrhage-related events in cancer patients [22]. A meta-
analysis concludes that the incidence of all-grade hemorrhage 
in 1979 patients receiving bevacizumab is 30.4% (95% CI, 
21.5%–40.9%) [23]. In contrast, ivonescimab has a shorter half-
life compared to the 20-day half-life of bevacizumab and allows 
partial recovery of serum VEGF level at the later part of each 
treatment cycle, which may help to relieve the disruption of 
VEGF signaling pathway and potentially reduce the associated 
toxicities. In our study, ≥ Grade 3 TRAEs specifically related 
to the VEGF target included hypertension (5.1%), proteinuria 
(3.4%), and deep vein thrombosis (1.7%). There were no ≥ Grade 
3 hemorrhagic-related TRAEs. While in the bevacizumab label, 
Grade 3–4 hypertension incidence varied from 5% to 18%, Grade 
3–4 proteinuria incidence ranged from 0.7% to 7%, Grade 3–4 

venous thromboembolic events incidence ranged from 5% to 
11%, and Grade 3–5 hemorrhagic events incidence ranged from 
0.4% to 7% in clinical studies. Indeed, our results demonstrate 
that the incidence of adverse events specifically related to the 
VEGF target with ivonescimab is significantly lower than that 
with bevacizumab.

In addition, elevated serum VEGF levels were observed at the 
10 mg/kg Q3W cohort during the first 3 cycles, this phenomenon 
could be attributed to individual variation. One subject in this co-
hort had a baseline VEGF level below quantification limit (BQL; 
< 15.6 pg/mL). Normal tissue metabolism requires a certain level 
of VEGF, thus the feedback regulation increases VEGF level. 
Consequently, a high VEGF level of 241 pg/mL was manifested 
after the first dose in this subject. However, the baseline VEGF 

FIGURE 4    |    Pharmacodynamics of ivonescimab following multiple-dose intravenous administration. (A) Receptor occupancy on PD-1. Data were 
expressed as mean ± SD. (B) Percentage change from baseline in serum VEGF level. Data were expressed as mean + SD. Q2W, every 2 weeks; Q3W, 
every 3 weeks; VEGF, vascular endothelial growth factor; PD-1, programmed death-1.
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TABLE 5    |    Pharmacodynamic parameters of ivonescimab following multiple-dose intravenous administration.

Sampling time 
point

3 mg/kg 
Q2W (n = 10)

5 mg/kg 
Q2W (n = 10)

10 mg/
kg Q2W 
(n = 9)

20 mg/
kg Q2W 
(n = 12)

30 mg/
kg Q2W 
(n = 6)

10 mg/
kg Q3W 
(n = 6)

20 mg/
kg Q3W 
(n = 6)

Receptor occupancy on PD-1 (%)

Day 1 predose 23.6 (10.3) 26.9 (25.9) 29.2 (27.0) 36.7 (29.1) 47.9 (40.7) 44.1 (24.9) 56.2 (35.6)

Day 2 97.5 (3.00) 88.5 (16.4) 97.8 (4.29) 98.3 (3.47) 93.2 (10.9) 90.6 (17.3) 89.8 (11.6)

Day 8 93.1 (5.64) 96.6 (5.31) 96.1 (2.95) 97.9 (3.98) 99.8 (0.408) 97.9 (5.03) 97.8 (2.64)

Day 22 predose — — — — — 95.2 (5.98) 96.3 (4.38)

Day 29 predose 94.7 (6.18) 86.4 (10.3) 90.1 (9.46) 95.7 (5.74) 93.0 (5.62) — —

Day 43 predose — — — — — 92.1 (5.15) 95.9 (4.52)

Day 57 predose 90.9 (11.4) 90.9 (14.6) 99.2 (1.08) 90.9 (5.31) 93.2 (4.95) — —

Day 85 predose 88.3 (12.1) 96.2 (5.79) 93.8 (4.60) 97.1 (5.02) 97.3 (2.30) — 96.6 (6.11)

Day 127 predose 89.6 (13.4) 98.5 (2.95) 95.4 (5.37) 94.6 (0.283) 98.1 (3.46) 84.3 (−) 86.5 (10.9)

Day 169 predose 89.1 (10.2) 97.4 (4.50) 90.9 (5.37) 94.0 (2.46) 96.0 (6.87) 92.5 (−) 94.7 (3.11)

Day 211 predose 96.4 (2.31) 86.5 (6.93) 93.1 (2.14) 93.5 (3.54) 100 (0.00) 88.8 (−) 97.8 (−)

Day 253 predose 100 (0.00) 98.8 (1.77) — 97.3 (−) 91.3 (12.3) 100 (−) —

Percentage change from baseline in serum VEGF level (%)

Day 1 predose 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

Day 1 EOI — −95.9 (2.62) −96.4 (−) −48.6 (107) −94.2 (2.67) 162 (628) −89.1 (9.69)

Day 2 −63.3 (43.6) −61.1 (27.5) −75.7 (27.3) −80.2 (35.0) — — —

Day 8 −35.2 (63.9) −40.6 (46.9) −21.9 (85.5) −2.61 (158) −70.1 (10.8) 60.8 (324) −44.1 (37.5)

Day 22 predose — — — — — 57.8 (310) −32.9 (49.8)

Day 22 EOI — — — — — −74.6 
(46.5)

−88.5 (9.30)

Day 29 predose −48.9 (46.3) −37.0 (56.8) −33.9 (51.2) 14.6 (200) −51.6 (18.1) — —

Day 29 EOI −92.9 (−) −93.5 (3.09) −82.8 (−) −86.3 (14.5) −86.7 (5.36) — —

Day 43 predose −68.6 (−) −52.3 (53.8) −36.4 (74.7) −46.0 (53.0) −49.6 (17.9) 88.6 (340) −22.5 (55.1)

Day 43 EOI −90.7 (−) −93.9 (3.88) −85.0 (18.2) −83.6 (16.9) −85.1 (6.09) −72.1 
(47.4)

−84.3 (13.4)

Day 85 predose −66.5 (15.1) −42.5 (33.5) −19.3 (110) 4.88 (110) −61.3 (16.6) −66.0 (−) −20.5 (57.7)

Day 85 EOI −90.1 (2.31) −83.4 (9.46) −77.2 (26.9) −76.9 (16.3) −88.0 (7.42) −92.8 (−) −74.9 (33.5)

Day 127 predose −47.2 (38.8) −32.7 (35.5) −66.7 (10.5) −51.3 (28.8) −61.2 (21.2) −56.4 (−) 51.7 (141)

Day 127 EOI −85.6 (7.11) −79.9 (11.1) −89.9 (3.38) −85.1 (5.88) −87.7 (10.1) −92.3 (−) −65.5 (40.0)

Day 169 predose −60.0 (12.7) −31.8 (44.4) −73.8 (14.7) −55.3 (14.9) −67.6 (14.6) −57.6 (−) −40.0 (28.7)

Day 169 EOI −88.3 (3.38) −79.7 (11.5) −92.7 (5.42) −85.3 (4.68) −90.3 (6.08) −93.3 (−) −87.9 (3.10)

Day 211 predose −49.4 (32.2) −60.1 (39.9) −74.4 (11.4) −64.1 (6.58) −44.5 (31.3) −48.1 (−) −64.4 (−)

Day 211 EOI −85.5 (8.53) −49.0 (39.2) −92.9 (4.04) −89.6 (3.76) −86.2 (5.57) −89.0 (−) −91.6 (−)

Day 253 predose −49.7 (21.4) −73.5 (31.9) — −65.4 (−) 59.1 (118) −55.5 (−) —

Day 253 EOI −87.3 (0.426) −90.9 (6.487) — −92.2 (−) −84.6 (8.95) −90.9 (−) —

Note: Data were expressed as mean (SD).
Abbreviations: EOI, end of infusion; PD-1, programmed death-1; Q2W, every 2 weeks; Q3W, every 3 weeks; VEGF, vascular endothelial growth factor.
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levels of other 5 subjects in this cohort were greater than 100 pg/
mL, and then decreased to BQL after the first dose. As a result, 
the mean VEGF level of these 6 subjects in the 10 mg/kg Q3W 
cohort after the first dose showed an upward trend compared to 
baseline during the first 3 cycles.

Overall, the safety, PK, and PD profiles of ivonescimab in 
Chinese patients with advanced solid tumors are similar to those 
observed in patients in Australia in the AK112-101 study. This 
finding will bolster our understanding and support the efficacy 
of ivonescimab. It should be acknowledged that the results from 
current study have a few limitations. First, the small sample size 
with a variety of solid tumors could limit the interpretation of the 
findings. Second, the absence of a control group limits the ability 
to draw definitive conclusions regarding the safety and efficacy 
of ivonescimab. Third, this study only included Chinese popula-
tion, which limits the understanding of the safety, PK, and PD 
profiles of ivonescimab in solid tumors. Therefore, it is neces-
sary that future clinical studies address these uncertainties and 
provide a more comprehensive understanding of ivonescimab.

The efficacy data will be published in the future. We believe that 
these results will provide valuable insights into the PK, and PD 
profiles of ivonescimab in solid tumors.

5   |   Conclusions

In summary, ivonescimab monotherapy has a good safety pro-
file, demonstrates linear pharmacokinetic characteristics, and 
sustains high level of receptor occupancy in patients with ad-
vanced solid tumors. Ivonescimab represents a new, feasible, 
promising treatment option for advanced solid tumors.
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