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ABSTRACT
Background Studies showed that vascular endothelial 
growth factor (VEGF) inhibitors could improve therapeutic 
efficacy of PD- 1/PD- L1 antibodies by transforming the 
immunosuppressive tumor microenvironment (TME) into 
an immunoresponsive TME. Ivonescimab is a first- in- class, 
humanized tetravalent bispecific antibody targeting PD- 1 
and VEGF- A simultaneously. Here, we report the first- in- 
human, phase 1a study of ivonescimab in patients with 
advanced solid tumors.
Methods Patients with advanced solid tumors were 
treated with ivonescimab 0.3, 1, 3, 10, 20 or 30 mg/
kg intravenously every 2 weeks using a 3+3+3 dose 
escalation design. Dose expansion occurred at 10 and 
20 mg/kg in selected tumor types. The primary objective 
was to assess the safety and tolerability, and to determine 
the maximum tolerated dose (MTD). The secondary 
objectives included pharmacokinetics, pharmacodynamics 
and preliminary antitumor activity based on Response 
Evaluation Criteria in Solid Tumors V.1.1.
Results Between October 2, 2019 and January 14, 
2021, a total of 51 patients were enrolled and received 
ivonescimab. Two dose- limiting toxicities were reported 
at 30 mg/kg. The MTD of ivonescimab was 20 mg/kg 
every 2 weeks. Grade≥3 treatment- related adverse events 
(TRAEs) occurred in 14 patients (27.5%). The most common 
TRAEs of any grade were rash (29.4%), arthralgia (19.6%), 
hypertension (19.6%), fatigue (17.6%), diarrhea (15.7%) 
and pruritus (11.8%). The most common grade≥3 TRAEs 
were hypertension (7/51, 13.7%), alanine aminotransferase 
increased (3/51, 5.2%), aspartate aminotransferase 
increased (2/51, 3.9%) and colitis (2/51, 3.9%). Of 47 
patients who had at least one postbaseline assessment, the 
confirmed objective response rate was 25.5% (12/47) and 
disease control rate was 63.8% (30/47). Among 19 patients 
with platinum- resistant ovarian cancer, 5 patients (26.3%) 
achieved partial response (PR). Efficacy signals were 
also observed in patients with mismatch repair proficient 
(pMMR) colorectal cancer, non- small cell lung cancer, and 
both MMR deficient and pMMR endometrial cancer.
Conclusions Ivonescimab demonstrated manageable 
safety profiles and promising efficacy signals in multiple 
solid tumors. Exploration of alternative dosing regimens of 
ivonescimab monotherapy and combination therapies is 
warranted.

Trial registration number NCT04047290.

INTRODUCTION
Treatment strategies combining immune 
checkpoint inhibitors (ICIs) have become an 
increasingly common strategy to overcome 
the limited efficacy of ICI monotherapy.1 
Preclinical have shown that in addition to 
the known antiangiogenic effects, vascular 
endothelial growth factor (VEGF) inhibitors 
exhibit synergistic effects with ICIs in the 
tumor microenvironment (TME), and they 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ A combination of programmed death 1/programmed 
death ligand (PD- L1) inhibition and vascular endo-
thelial growth factor (VEGF) inhibition provides clini-
cal benefit but increases the risk of toxicity.

WHAT THIS STUDY ADDS
 ⇒ Ivonescimab (AK112) is a first- in- class, humanized 
tetravalent bispecific antibody targeting PD- 1 and 
VEGF- A simultaneously. This is the first- in- human 
phase 1a study demonstrating that ivonescimab is 
safe and tolerable. The maximum tolerated dose of 
20 mg/kg every 2 weeks was determined during 
dose escalation. Treatment- related adverse events 
(TRAEs) occurred in 38 patients (74.5%), and 
grade≥3 TRAEs occurred in 14 patients (27.5%). 
Efficacy signals were observed in several types of 
solid tumors, with a confirmed objective response 
rate of 25.5% and disease control rate of 63.8%.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study supports that ivonescimab has man-
ageable safety profiles, promising efficacy signals. 
Several studies with ivonescimab monotherapy or 
combination therapy with chemotherapy in a variety 
of solid cancers such as lung cancer, triple negative 
breast cancer, head and neck squamous cell carci-
noma, colorectal cancer are ongoing.
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can improve therapeutic efficacy of PD- 1/PD- L1 anti-
bodies by normalizing tumor blood vessels, increasing 
T- cell infiltration, and decreasing activity of immunosup-
pressive cells (myeloid- derived suppressor cells, Tregs 
and tumor- associated macrophages).2–4 These synergistic 
effects may improve the antitumor activity of ICIs by trans-
forming the immunosuppressive TME into an immunore-
sponsive TME.

The efficacy of combining anti- PD- 1/PD- L1 inhibitors 
with VEGF inhibitors has been evaluated in many studies. 
In the IMpower150 study, compared with bevacizumab plus 
chemotherapy (BCP), the combination of atezolizumab and 
BCP revealed survival improvement in patients with meta-
static non- squamous non- small cell lung cancer (NSCLC), 
while ACP failed to demonstrated overall survival (OS) 
improvement versus BCP.5 6 In the IMbrave 150 trial, the 
combination of atezolizumab plus bevacizumab improved 
OS and progression- free survival (PFS) over sorafenib 
in unresectable hepatocellular carcinoma (HCC).7 In a 
phase II trial, nivolumab and bevacizumab combination 
also showed promising activity with an objective response 
rate (ORR) of 28.9% in all patients with relapsed ovarian 
cancer, including 40.0% in platinum- sensitive and 16.7% in 
platinum- resistant patients.8 These studies suggest that the 
antitumor efficacy of a combination strategy is promising 
and possibly synergistic in various solid tumors.

However, despite this benefit, the overlapping toxicities 
of combining such agents should be carefully considered. 
An observational study which included 15,872 patients 
with NSCLC from the Food and Drug Administration 
adverse events (AEs) reporting system database showed 
that the combination of PD- (L)1 inhibitors with beva-
cizumab provided a survival benefit but significantly 
increased the risk of various toxicities, and combina-
tion therapy was an independent risk factor for fever, 
neutropenia, nephritis, and immune thrombocytopenic 
purpura.9 New approaches are, therefore, needed to 
facilitate enhanced blockade of PD- 1 and VEGF with a 
favorable toxicity profile. Given that there is significant 
coexpression of both VEGF and PD- 1 in the TME,4 simul-
taneous blockade of PD- 1 and VEGF with a bispecific 
antibody might offer a more targeted enrichment of the 
antibody.

Ivonescimab is a first- in- class, humanized tetravalent 
bispecific antibody targeting PD- 1 and VEGF- A simultane-
ously. Preclinical studies showed that ivonescimab could 
specifically bind to human PD- 1 and VEGF- A with high 
affinity.10 In vivo pharmacology studies demonstrated that 
ivonescimab could significantly inhibit tumor growth in 
a dose- dependent manner in HCC827 xenograft mouse 
model.10

Here, we reported the first- in- human (FIH) phase 1a 
study of ivonescimab, which evaluated the safety, pharma-
cokinetics (PK), pharmacodynamics and clinical activity 
of ivonescimab in patients with advanced solid tumors 
( ClinicalTrials. gov identifier: NCT04047290).

METHODS
Study design and patients
This was an FIH, phase 1a, multicenter trial which was 
conducted in six sites in Australia and included dose- 
escalation and dose- expansion portions. The primary 
objectives of this study were to assess the safety and toler-
ability, dose- limiting toxicities (DLTs), and to determine 
the maximum tolerated dose (MTD) or maximum admin-
istered dose. The secondary objectives included assessing 
the PK, pharmacodynamics as well as preliminary anti-
tumor activity of ivonescimab when administered as a 
single agent in patients with advanced solid tumors.

Eligible patients had histologically or cytologically 
confirmed advanced or metastatic solid tumors that were 
refractory or had relapsed after standard therapies, or 
for which no effective standard therapy was available. 
Key inclusion criteria were measurable disease according 
to Response Evaluation Criteria in Solid Tumors V.1.1, 
Eastern Cooperative Oncology Group performance 
status score of 0 or 1, adequate organ function, and life 
expectancy of ≥12 weeks. Key exclusion criteria included 
the presence of active brain metastases, active or prior 
documented autoimmune disease, clinically significant 
cardiovascular disease, history of gastrointestinal perfo-
ration, surgery and wound healing complications, and 
hemorrhagic events.

Study procedure
Ivonescimab was administered intravenously on day 1 
and day 15 of each 28- day treatment cycle until disease 
progression, consent withdrawal or intolerable toxicity 
occurred. A single- subject cohort was enrolled at the 
starting dose of 0.3 mg/kg, after which a 3+3+3 design 
was used in the dose escalation phase, with a minimum 
of three DLT- evaluable patients at each dose level and a 
maximum of nine patients at each dose level. The dose 
levels tested in the escalation phase were 0.3, 1, 3, 10, 
20 and 30 mg/kg administered every 2 weeks to deter-
mine the MTD. DLT was defined as grade≥3 drug- related 
toxicity that occurred within the 28- day DLT- evaluation 
period. Further specific DLT definitions and exceptions 
can be found in online supplemental data. The MTD was 
defined as the highest dose level with a DLT incidence of 
less than 33.3%. Based on the efficacy signals observed 
during dose escalation phase, two cohorts receiving doses 
of 10 and 20 mg/kg were expanded in selected tumor 
types including microsatellite stable (MSS)/proficient 
mismatch repair (pMMR) colorectal cancer, ovarian 
cancer, endometrial cancer (deficient MMR (dMMR) or 
pMMR) and mesothelioma.

Safety assessments mainly included the incidence and 
severity of AEs, serious AEs, DLTs, abnormal laboratory 
parameters. AEs were recorded during treatment period 
and up to 90 days after the last dose of ivonescimab. The 
grading of AEs was conducted according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Event V.5.0.
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Tumor response was evaluated every 8 weeks for the 
first 12 months, then every 12 weeks thereafter, until 
confirmed objective disease progression, initiation of 
new anticancer therapy, withdrawal of consent, or death. 
Following the completion of treatment, patients were 
followed up for survival every 3 months until death, with-
drawal of consent, lost to follow- up, or the end of study.

Pharmacokinetics
Blood samples for PK analysis were collected on day 1 
(predose, end of infusion (EOI), and 3 hours after the 
EOI on day 1, days 2, 3, 8 and 15 (predose) in cycles 1 
and 3. Predose and EOI PK samples were collected on 
day 1 and 15 in cycle 2, on day 1 in cycles 4 and 6. Predose 
samples were collected on day 1 of cycle 8 and every other 
cycles thereafter. Serum concentrations of ivonescimab 
were determined using ELISA method.

Pharmacodynamics
Pharmacodynamic biomarkers included PD- 1 receptor 
occupancy (RO) on peripheral circulating CD3+T 
cells and serum free VEGF. Blood samples for RO were 
collected on day 1 (predose), 2 and 8 in cycle 1, day 1 
(predose) of each cycle thereafter. Blood samples for RO 
were tested using flow cytometry analysis and the RO was 
calculated by mean fluorescence intensity. Blood samples 
for serum free VEGF (not ivonescimab bound VEGF) 
were collected on day 1 (predose), 2 and 8 in cycle 1, 

day 1 (predose) of every 2–3 cycles thereafter. All serum 
samples were tested using a human VEGF165 kits (R&D) to 
measure the levels of free VEGF.

Statistical analysis
The safety analysis population included all enrolled 
patients who received any amount of ivonescimab. 
Response- related endpoints for efficacy were analyzed 
in patients who received any amount of ivonescimab, 
had measurable disease at baseline, and had at least one 
postbaseline tumor assessment. Descriptive statistics were 
used to analyze demographic, safety, PK, PD biomarker, 
and response data.

RESULTS
Patient characteristics
Between October 2, 2019 and June 14, 2021, a total of 51 
patients were enrolled. As of the data cut- off on June 7, 
2022, the median duration of follow- up was 12.8 months 
and 12 patients (23.5%) were still on treatment. Given the 
efficacy signals and potential on- target toxicities observed 
at 10 mg/kg dose level, dose expansion was conducted at 
10 mg/kg and 20 mg/kg (figure 1).

The majority of enrolled patients had received exten-
sive prior treatment, with 62.7% of patients having 
received ≥3 lines of therapy. Among the patients, 35.3% 

Figure 1 Patient flow diagram. (A) In dose escalation phase, one patient each in 10 mg/kg and 20 mg/kg dropped off within 
the first cycle and thus deemed non- DLT evaluable. One patient in 10 mg/kg experienced recurrent colitis. Although the event 
did not meet the DLT definition; DEC deemed it as a notable TRAE and determined to enroll more patients in 10 mg/kg dose 
escalation cohort before further escalation. (B) In dose expansion phase, 10 mg/kg every 2 weeks was initially expanded for 
additional enrolment in patients with pMMR colorectal cancer given the one responder observed at 3 mg/kg. Considering the 
efficacy signal observed in dose escalation cohorts, ovarian cancer, endometrial cancer and mesothelioma was recommended 
for further expansion by DEC in both 20 mg/kg and 10 mg/kg to select the optimal dose moving forward. AE, adverse event; 
DLT, dose- limiting toxicity; pMMR, mismatch repair proficient; TRAE, treatment- related adverse event; DEC, dose escalation 
committee.
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had previously received antiangiogenic therapy, and 
29.4% had received immunotherapy (table 1). The 
enrolled patients represented a variety of tumor types, 
including epithelial ovarian cancer (37.3%), colorectal 
cancer (17.6%) and mesothelioma (7.8%).

Safety and tolerability
All 51 treated patients were included in the safety anal-
ysis. During dose escalation, no DLTs were observed at 
the first five dose levels. At the 30 mg/kg cohort, two DLTs 
were observed in six DLT- evaluable patients. One patient 
experienced a DLT of grade 1 myocarditis, characterized 
by an asymptomatic elevation of troponin I and led to 
study drug discontinuation. Troponin I level returned 
to normal range after corticosteroid treatment. The 
second DLT was a grade 3 hypertension which occurred 
in a patient with pre- existing history of hypertension. The 
patient recovered within 2 weeks after receiving antihy-
pertensive medication. The MTD for ivonescimab was 
20 mg/kg every 2 weeks.

Treatment- related AEs (TRAEs) occurred in 38 patients 
(74.5%). The most common TRAEs of any grade were 
rash (29.4%), arthralgia (19.6%), hypertension (19.6%), 
fatigue (17.6%), diarrhea (15.7%), pruritus (11.8%) and 
aspartate aminotransferase increased (11.8%). TRAEs 
of grade≥3 were reported in 14 patients (27.5%). No 
grade≥3 infusion- related reactions occurred. There were 
no TRAEs leading to death. The details of TRAEs can be 
found in table 2.

Immune- related toxicities and anti- VEGF related toxic-
ities were of special interest in this study. Pruritus, rash 
and hypothyroidism were the most commonly reported 
toxicities of potential immune- related cause, with 
all being grade 1 or 2 in severity. Five patients experi-
enced grade≥3 hepatotoxicity which was characterized 
by elevated transaminase levels and normal bilirubin. 
These events were effectively managed with corticoste-
roids. Four of them were successfully rechallenged and 
one patient was not retreated due to disease progression. 
Three patients experienced colitis (two grade 3 and one 
grade 2), which were all managed with corticosteroids 
but two cases had led to treatment discontinuation. One 
patient on 20 mg/kg experienced grade 3 glomerulo-
nephritis which was managed with corticosteroids and 
supportive therapy. No further doses of ivonescimab 
were given to this patient due to disease progression. 
One case of grade 2 synovitis in 10 mg/kg cohort also led 
to treatment discontinuation.

Hypertension is considered as an on- target toxicity of 
anti- VEGF therapies, which was observed at ≥10 mg/kg 
dose levels and was the most common TRAE with grade≥3 
(13.7%, 7/51) in this study. All cases were effectively 
managed with antihypertensive drugs. Proteinuria was 
observed in three patients (5.9%) including the patient 
who experienced glomerulonephritis. No patient experi-
enced grade≥3 cardiovascular event. No gastrointestinal 
perforation or notable hemorrhage events were observed.

Table 1 Baseline characteristics

Characteristic
No of patients 
(N=51)

Age, years

  Median (range) 63 (30, 76)

Sex, n (%)

  Male 18 (35.3)

  Female 33 (64.7)

Race, n (%)

  White 42 (82.4)

  Asian 8 (15.7)

  Other 1 (2.0)

ECOG performance status, n (%)

  0 33 (64.7)

  1 18 (35.3)

Prior therapies, n (%)

  0 2 (3.9)

  1 10 (19.6)

  2 7 (13.7)

  ≥3 32 (62.7)

Prior antiangiogenic therapy, n (%) 18 (35.3)

Prior Bevacizumab, n (%) 16 (31.4)

Prior anti- VEGF TKI, n (%) 2 (3.9)

Prior immunotherapy, n (%) 15 (29.4)

Tumor types, n (%)

  Epithelial ovarian cancer 19 (37.3)

  High- grade serous 13 (25.5)

  Clear cell 3 (5.9)

  Other 3 (5.9)

  Colorectal cancer 9 (17.6)

  Mesothelioma 4 (7.8)

  Endometrial cancer 3 (5.9)

  NSCLC 2 (3.9)

  Chondrosarcoma 2 (3.9)

  Pancreatic cancer 2 (3.9)

  Anal cancer 1 (2.0)

  Duodenal adenocarcinoma 1 (2.0)

  Esophageal cancer 1 (2.0)

  Granulosa cell tumor 1 (2.0)

  Hepatocellular carcinoma 1 (2.0)

  HNSCC 1 (2.0)

  Medullary thyroid carcinoma 1 (2.0)

  Small cell ovarian cancer 1 (2.0)

  Upper gastrointestinal 
adenocarcinoma

1 (2.0)

  Renal cell carcinoma 1 (2.0)

Continued
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Efficacy
Antitumor response was observed at dose levels of ≥3 mg/
kg every 2 weeks. Among four patients who did not have 
postbaseline imaging, three of them were due to rapid 
clinical deterioration and one was due to non- related 
AE (myocardial infarction). Of 47 patients who had at 
least one postbaseline assessment, the confirmed ORR 
was 25.5% (12/47) and the disease control rate (DCR) 
was 63.8% (30/47). Objective response was observed in 
patients with platinum- resistant ovarian cancer (PROC), 
endometrial cancer (both pMMR and dMMR), pMMR 
colorectal cancer, small cell ovarian cancer, pleural meso-
thelioma and anal cancer. Among these responders, 
three patients had received prior ICI therapy and two 
patients had received prior bevacizumab treatment. The 
best overall response and duration of treatment for all 
patients are shown in figure 2.

Among 19 patients with PROC, 68.4% had received ≥3 
lines of prior therapy. Five patients achieved PR, three of 
whom had high- grade serous pathology and two had clear 
cell pathology, resulting in an ORR of 26.3%. Higher ORR 
was observed at 20 mg/kg compared with that at 10 mg/
kg (30.0% vs 14.3%). Prolonged stable disease (SD) 
for more than 12 months was observed in four patients 
who had received prior bevacizumab treatment (online 
supplemental table S1).

Among nine patients with MSS/pMMR colorectal 
cancer, 88.9% had received ≥3 lines of prior therapy. One 
patient treated at 3 mg/kg achieved PR and two patients 
achieved SD, with duration of 8 and 16 weeks, respec-
tively. The patient who achieved PR had received three 
lines of prior therapy including bevacizumab.

Three patients with endometrial cancer were enrolled. 
One patient with dMMR tumor achieved PR, another 
patient with pMMR tumor achieved PR and experienced 
a durable response for about 1 year. The third patient 
with unknown MMR status achieved SD for 16 weeks with 
8.5% reduction in tumor burden.

Two patients with NSCLC were enrolled. Both patients 
were previously heavily treated and PD- 1 refractory. One 
patient had sustained SD (−16.5%) for about 11 months, 
and the other experienced disease progression.

Pharmacokinetics
As shown in figure 3A,B, following single- dose and 
multiple- dose intravenous administrations of ivonescimab, 
serum concentration of ivonescimab increased in a dose- 
dependent manner. The PK parameters were summa-
rized in online supplemental tables S2 and S3. After 

the first dosing, Cmax for 0.3, 1, 3, 10, 20, and 30 mg/kg 
every 2 weeks ivonescimab was 8.90, 16.9±2.10, 77.8±2.19, 
240±73.8, 511±125, and 672±250 µg/mL, and area under 
the serum concentration- time curve (AUC) from 0 hour 
to the last measurable concentration (AUC0–t) was 27.1, 
64.3±5.92, 409±145, 1220±465, 2790±770, and 3580±1270 
day*µg/mL, respectively. After the fifth dosing, Cmax, ss 
for 1, 10, 20, and 30 mg/kg every 2 weeks ivonescimab 
was 23.3, 68.9, 355±103, 679±137, and 1010±80.3 µg/mL, 
and AUC0–τ at steady- state (AUC0–τ, ss) was 95.9, 2240±770, 
4380±976, and 6100±690 day*µg/mL, respectively.

The apparent mean terminal half- life after the first dose 
was 3.66, 3.40±0.340, 4.53±2.59, 6.13±1.85, 6.60±2.05, and 
6.03±1.36 days for 0.3, 1.0, 3.0, 10.0, 20.0, and 30.0 mg/kg 
every 2 weeks doses, respectively.

Pharmacodynamics
After multiple doses of ivonescimab, RO remained at a 
high level in all the five cohorts (0.3, 1.0, 3.0, 10.0, 20.0, 
and 30.0 mg/kg every 2 weeks), and sustained satura-
tion (>80%) was observed at doses of 3.0 mg/kg every 
2 weeks and higher (figure 4A). Serum- free VEGF level 
decreased rapidly by 80%–95% in all cohorts after 24 
hours following the first dose of ivonescimab (figure 4B). 
Rebound increase in free VEGF levels was observed in 
some dose levels and the interpretation of the results was 
limited due to high individual variation.

DISCUSSION
In this study, we evaluated the safety and efficacy of 
ivonescimab, a novel anti- PD- 1/VEGF- A bispecific anti-
body, in patients with advanced solid tumors. Two DLTs 
were observed out of 6 patients at 30 mg/kg every 2 weeks. 
Thus, the MTD of ivonescimab was determined to be 
20 mg/kg every 2 weeks per protocol. A higher response 
rate was observed with ivonescimab 20 mg/kg compared 
with 10 mg/kg in PROC (ORR 30.0% vs 14.3%) while 
the safety profile was comparable between these two 
dose levels. This preliminary finding of dose response 
was further explored and confirmed in the phase 1b and 
phase 2 studies of ivonescimab as monotherapy or in 
combination with chemotherapy in NSCLC.11 12

Toxicity profiles in our study were consistent with 
previous studies investigating the combination of PD- (L)1 
inhibitors with bevacizumab.7 13–16 No new or unexpected 
toxicities were observed, with rash (29.4%), arthralgia 
(19.6%), hypertension (19.4%) and fatigue (17.6%) being 
the most common TRAEs. Lower rates of grade≥3 TRAEs 
(27.5%) and TRSAEs (5.9%) were observed compared 
with the data reported in previous studies. The most 
common grade≥3 TRAE was hypertension (7, 13.7%), 
which was comparable with the results in bevacizumab 
studies.17 Hypertension was the most common anti- VEGF 
related AE (any grade: 19.6%, grade≥3: 13.7%), all cases 
occurred in patients receiving dose levels ≥10 mg/kg, and 
the majority of grade≥3 hypertension occurred in patients 
with a prior history of hypertension. The commonly 

Characteristic
No of patients 
(N=51)

ECOG, Eastern Cooperative Oncology Group; HNSCC, head 
and neck squamous cell carcinoma; NSCLC, non- small cell lung 
cancer; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial 
growth factor.

Table 1 Continued
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observed immune- related toxicities were pruritus, rash 
and hypothyroidism, similar to that reported with anti- 
PD- 1/PD- L1 monotherapy. Although grade≥3 hepato-
toxicity and recurrent colitis occurred, all these AEs were 

manageable with corticosteroids. No gastrointestinal 
perforation or arterial thromboembolism was observed. 
No grade≥2 hemorrhage events were observed which was 
a known adverse reaction to bevacizumab.

Figure 2 (A) Maximum change from baseline of target lesions in all evaluable patients. Four patients discontinued before any 
disease assessment and are not included in the plot. (B) Duration of treatment in all evaluable patients. (01)=adenocarcinoma, 
(02)=anus cancer, (03)=chondrosarcoma, (04)=colorectal cancer, (05)=endometrial cancer, (06)=epithelial ovarian cancer, 
(07)=esophageal cancer, (08)=granulosa cell tumor, (09)=HNSCC, (10)=hepatocellular carcinoma, (11)=medullary thyroid 
cancer, (12)=mesothelioma, (13)=NSCLC, (14)=pancreatic cancer, (15)=renal oncocytoma, (16)=small cell ovarian cancer. 
Epithelial ovarian cancer: (1) high- grade serous; (2) clear cell; (3) mucinous; (4) endometrioid; (5) serous (grade unknown). 
*Previous bevacizumab; +Previous immunotherapy. NSCLC, non- small cell lung cancer; HNSCC, head and neck squamous cell 
carcinoma.
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The favorable safety profile of ivonescimab may be 
attributed to the unique characteristics of the bispecific 
antibody itself and its potential retention in tumors. 
Preclinical studies have demonstrated that when a high 
density of VEGF antigen is present, the PD- 1 binding 
activity of ivonescimab is significantly enhanced. This 
property of ivonescimab may contribute to its increased 
accumulation and retention in tumor tissues.10

Most patients in this study were heavily pretreated, with 
62.7% of patients having received ≥3 lines of therapy, 
including receipt of prior antiangiogenic therapy in 
35.3% patients, and prior ICI therapy in 29.4% patients. 
Ivonescimab showed preliminary efficacy signals in 
multiple tumor with ORR 25.5% and DCR 63.8%, even 
though the study enrolled most patients with tumor 
types that have historically not been known to respond 

to single- agent immunotherapy (eg, serous ovarian 
cancer, MSS colorectal cancer, and other cancers). Of 
note, among 19 heavily pretreated patients with PROC, 
the ORR was 26.3% with nine patients having a PFS of >6 
months. A higher response rate was observed at 20 mg/
kg (30.0%, n=10,) vs 10 mg/kg (14.3%, n=7). Currently, 
PROC represents a high unmet medical need with 
limited treatment options available.18 Results from single- 
agent anti- PD- (L)1 therapy were disappointing with an 
ORR of less than 10%.19 20 Combination of nivolumab 
plus bevacizumab has demonstrated activity in patients 
with relapsed ovarian cancer with modest improvement 
in ORR (16.7%) in platinum- resistant patients.8

Nine patients with MSS/pMMR colorectal cancer were 
enrolled in this study—one achieved PR and two achieved 
SD with an ORR of 11.1% and DCR of 33.3%. MSS/pMMR 

Figure 3 (A) Serum concentration- time curve after the first dose of ivonescimab. (B) Serum concentration- time curve after the 
fifth dose of ivonescimab. Visit days are presented on the x- axis, ivonescimab concentration on the y- axis, data represent the 
mean and SD of patients.
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CRC has shown resistance to anti- PD- 1 treatment,21 22 
and immunotherapy- based combination therapies are 
being explored. In a randomized clinical trial, patients 
with MSS CRC could benefit more from the addition of 
atezolizumab to capecitabine and bevacizumab therapy.23 
In our study, an ORR of 11.1% is encouraging in MSS/
pMMR CRC patients treated with ivonescimab mono-
therapy. Identifying the subtypes of MSS CRC patients 
who can benefit from the combination of immunotherapy 

and anti- VEGF therapy is an important direction to be 
explored in further studies.

The combination of pembrolizumab and lenvatinib 
has emerged as an effective treatment in patients with 
metastatic endometrial cancer. KEYNOTE 775 random-
ized patients with pretreated endometrial cancer to 
either pembrolizumab and lenvatinib or chemotherapy 
and led to prolonged survival with the combination of 
anti- PD- 1 and VEGF therapy, however, AEs of grade ≥3 

Figure 4 (A) Receptor occupancy (RO) following multiple doses of ivonescimab. (B) Percentage change from baseline in serum 
free VEGF level following multiple doses of ivonescimab. Visit days are presented on the x- axis, percentage of RO on the y- axis 
in (A), percentage change from baseline in serum free VEGF on the Y axis in (B), data represent the mean+SD for each dose 
cohort. VEGF, vascular endothelial growth factor.
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occurred in 88.9% of the patients who received combi-
nation therapy.24 A single- arm, phase 1b/2 trial had 
demonstrated a high ORR of 38% in previously treated 
endometrial cancer patients who received lenvatinib plus 
pembrolizumab, but the incidence of grade 3/4 TRAEs 
was 69.4% in the same population.25 The combination of 
atezolizumab plus bevacizumab has also been investigated 
in a phase II trial, among 57 patients with recurrent endo-
metrial cancer, the ORR reached 30% regardless of MMR 
status, grade≥3 TRAEs reported in 29% of patients, which 
was lower than lenvatinib plus pembrolizumab.26 In our 
study, among three patients with recurrent endometrial 
cancer, all three cases demonstrated clinical meaningful 
responses including 2 PR and 1 SD. Grade≥3 TRAEs 
occurred in 27.5% of all 51 patients. This encouraging 
result suggests that ivonescimab has the potential to be a 
viable treatment option for endometrial cancer.

Furthermore, our study demonstrated that patients 
who had previously received bevacizumab or anti- PD- (L)1 
therapy, could still benefit from ivonescimab treatment, 
evidenced by observed PR or prolonged SD, especially 
in PROC, pMMR colorectal cancer, and NSCLC. Several 
studies involving ivonescimab monotherapy or in combi-
nation with chemotherapy in various solid cancers are 
ongoing (NCT04736823, NCT04900363, NCT04870177). 
Four phase 3 studies in NSCLC have been initi-
ated (NCT05184712, NCT05499390, NCT05899608, 
NCT05840016). One limitation to this study was the lack 
of biomarker analyses which was important to identify 
correlations with treatment efficacy. The biomarker anal-
ysis will be performed in other studies.

In summary, ivonescimab demonstrated manageable 
safety and tolerability profile. Preliminary efficacy data 
showed encouraging efficacy signals in solid tumors 
patients with heavily pretreated disease, including 
patients who had progressed after prior ICI and anti- 
VEGF therapy.

Author affiliations
1Department of Medical Oncology, Monash Health, Melbourne, Victoria, Australia
2Faculty of Medicine, Nursing and Health Sciences, Monash University, Melbourne, 
Victoria, Australia
3Icon (Adelaide) Cancer Centre, Kurralta Park, South Australia, Australia
4Flinders Centre for Innovation in Cancer, College of Medicine and Public Health, 
Flinders University, Bedford Park, South Australia, Australia
5Scientia Clinical Research Ltd, Sydney, New South Wales, Australia
6Blacktown Cancer and Haematology Centre, Blacktown Hospital, University of 
Sydney, Sydney, New South Wales, Australia
7Border Medical Oncology and Haematology Research Unit, Albury- Wodonga 
Regional Cancer Centre, Albury Wodonga, New South Wales, Australia
8University of New South Wales, Rural Medical School, Albury Campus, Sydney, New 
South Wales, Australia
9Akeso Biopharma, Inc, Zhongshan, China
10Icon Cancer Centre, Brisbane, Queensland, Australia
11Faculty of Medicine, University of Queensland, St Lucia, Queensland, Australia

Acknowledgements The authors thank the patients and their families, as well as 
the study investigators and staff. Yiting Zhou and Yumei Shi from Akeso Biopharma 
provided professional assistance for the medical review.

Contributors Conception and study design: SF, ARAM, ZMW, BL, YX and JIGC. 
Study conduction and oversight: SF, ARAM, CL, AN, CU and JIGC. Data collection: 

SF, ARAM, CL, AN, CU and JIGC. Data analysis: WW, SF, BL and JIGC. Manuscript 
writing: all authors. Manuscript review and editing: all authors. Taking responsibility 
for the overall content as the guarantor: JIGC.

Funding This study is funded by Akeso Biopharma. Grant/award number is not 
applicable.

Competing interests WW, ZMW, BL, and YX are all employees of Akeso 
Biopharma, Zhongshan, China. JIGC provided consultancy work for Akeso since 
2022. The other authors declare no potential conflicts of interest.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the 
Bellberry Human Research Ethics Committee (HREC code: EC00458, application no: 
2019- 05- 459) and Monash Health HREC (HREC code: EC00382, HREC reference 
number: HREC/54717/MonH- 2019- 178303(v1)). The IRB approval documents were 
uploaded. Participants gave written informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All data 
relevant to the study are included in the article or uploaded as online supplemental 
information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Sophia Frentzas http://orcid.org/0000-0002-6917-9737
Wenjing Wang http://orcid.org/0009-0002-3329-7421
Zhongmin Maxwell Wang http://orcid.org/0000-0002-1683-5147

REFERENCES
 1 Upadhaya S, Neftelinov ST, Hodge J, et al. Challenges and 

opportunities in the Pd1/Pdl1 inhibitor clinical trial landscape. Nat 
Rev Drug Discov 2022;21:482–3. 

 2 Hegde PS, Wallin JJ, Mancao C. Predictive markers of anti- VEGF 
and emerging role of angiogenesis inhibitors as Immunotherapeutics. 
Semin Cancer Biol 2018;52:117–24. 

 3 Gabrilovich D, Ishida T, Oyama T, et al. Vascular endothelial growth 
factor inhibits the development of Dendritic cells and dramatically 
affects the differentiation of multiple hematopoietic lineages in vivo. 
Blood 1998;92:4150–66.

 4 Hack SP, Zhu AX, Wang Y. Augmenting anticancer immunity through 
combined targeting of angiogenic and PD- 1/PD- L1 pathways: 
challenges and opportunities. Front Immunol 2020;11:598877. 

 5 Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first- 
line treatment of metastatic Nonsquamous NSCLC. N Engl J Med 
2018;378:2288–301. 

 6 Socinski MA, Nishio M, Jotte RM, et al. Impower150 final overall 
survival analyses for Atezolizumab plus Bevacizumab and 
chemotherapy in first- line metastatic Nonsquamous NSCLC. J 
Thorac Oncol 2021;16:1909–24. 

 7 Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus Bevacizumab 
in Unresectable hepatocellular carcinoma. N Engl J Med 
2020;382:1894–905. 

 8 Liu JF, Herold C, Gray KP, et al. Assessment of combined Nivolumab 
and Bevacizumab in Relapsed ovarian cancer: A phase 2 clinical 
trial. JAMA Oncol 2019;5:1731–8. 

 9 Bai S, Tian T, Pacheco JM, et al. Immune- related adverse event 
profile of combination treatment of PD- (L)1 Checkpoint inhibitors 
and Bevacizumab in non- small cell lung cancer patients: data from 

 on June 1, 2024 by guest. P
rotected by copyright.

http://jitc.bm
j.com

/
J Im

m
unother C

ancer: first published as 10.1136/jitc-2023-008037 on 19 A
pril 2024. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6917-9737
http://orcid.org/0009-0002-3329-7421
http://orcid.org/0000-0002-1683-5147
http://dx.doi.org/10.1038/d41573-022-00030-4
http://dx.doi.org/10.1038/d41573-022-00030-4
http://dx.doi.org/10.1016/j.semcancer.2017.12.002
https://pubmed.ncbi.nlm.nih.gov/9834220
http://dx.doi.org/10.3389/fimmu.2020.598877
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1016/j.jtho.2021.07.009
http://dx.doi.org/10.1016/j.jtho.2021.07.009
http://dx.doi.org/10.1056/NEJMoa1915745
http://dx.doi.org/10.1001/jamaoncol.2019.3343
http://jitc.bmj.com/


11Frentzas S, et al. J Immunother Cancer 2024;12:e008037. doi:10.1136/jitc-2023-008037

Open access

the FDA adverse event reporting system. Transl Lung Cancer Res 
2021;10:2614–24. 

 10 Ak112, a Tetravalent Bispecific antibody targeting PD- 1 and VEGF, 
enhances binding avidity and functional activities and elicits 
potent anti- Tumor- efficacy in pre- clinical studies. the society for 
Immunotherapy of cancer (SITC) annual meeting 2022 (Abstr 521).

 11 Wang L, Luo Y, Ren S, et al. A phase 1B study of Ivonescimab, a 
programmed cell death Protein- 1 and vascular endothelial growth 
factor Bispecific antibody, as First- or second- line therapy for 
advanced or metastatic Immunotherapy- naive NSCLC. J Thorac 
Oncol 2024;19:465–75. 

 12 Zhao Y, Chen G, Chen J, et al. Ak112, a novel PD- 1/VEGF Bispecific 
antibody, in combination with chemotherapy in patients with 
advanced non- small cell lung cancer (NSCLC): an open- label, 
multicenter, phase II trial. EClinicalMedicine 2023;62. 

 13 Rini BI, Powles T, Atkins MB, et al. Atezolizumab plus Bevacizumab 
versus Sunitinib in patients with previously untreated metastatic renal 
cell carcinoma (Immotion151): a Multicentre, open- label, phase 3, 
randomised controlled trial. Lancet 2019;393:2404–15. 

 14 Cheng A- L, Qin S, Ikeda M, et al. Updated efficacy and safety 
data from Imbrave150: Atezolizumab plus Bevacizumab vs. 
sorafenib for Unresectable hepatocellular carcinoma. J Hepatol 
2022;76:862–73. 

 15 Seto T, Nosaki K, Shimokawa M, et al. Phase II study of 
Atezolizumab with Bevacizumab for non- squamous non- small cell 
lung cancer with high PD- L1 expression (@Be study). J Immunother 
Cancer 2022;10:e004025. 

 16 Chen DS, Hurwitz H. Combinations of Bevacizumab with cancer 
Immunotherapy. Cancer J 2018;24:193–204. 

 17 AVASTIN package insert. 2023. Available: https://www.accessdata. 
fda.gov/drugsatfda_docs/label/2022/125085s340lbl.pdf

 18 Baert T, Ferrero A, Sehouli J, et al. The systemic treatment of 
recurrent ovarian cancer Revisited. Ann Oncol 2021;32:710–25. 

 19 Matulonis UA, Shapira- Frommer R, Santin AD, et al. Antitumor 
activity and safety of pembrolizumab in patients with advanced 
recurrent ovarian cancer: results from the phase II KEYNOTE- 100 
study. Annals of Oncology 2019;30:1080–7. 

 20 Pujade- Lauraine E, Fujiwara K, Ledermann JA, et al. Avelumab alone 
or in combination with chemotherapy versus chemotherapy alone in 
platinum- resistant or platinum- refractory ovarian cancer (JAVELIN 
ovarian 200):An open- label, parallel- group, three- arm, randomised, 
phase 3 study. Lancet Oncol 2021;22:1034–46. 

 21 O’Neil BH, Wallmark JM, Lorente D, et al. Safety and antitumor 
activity of the anti- PD- 1 antibody Pembrolizumab in patients with 
advanced colorectal carcinoma. PLoS One 2017;12:e0189848. 

 22 Eng C, Kim TW, Bendell J, et al. Atezolizumab with or without 
cobimetinib versus regorafenib in previously treated metastatic 
colorectal cancer (Imblaze370): a multicentre, open- label, phase 3, 
randomised. Lancet Oncol 2019;20:849–61. 

 23 Mettu NB, Ou F- S, Zemla TJ, et al. Assessment of capecitabine 
and bevacizumab with or without atezolizumab for the treatment of 
refractory metastatic colorectal cancer: a randomized clinical trial. 
JAMA Netw Open 2022;5:e2149040. 

 24 Makker V, Colombo N, Casado Herráez A, et al. Lenvatinib plus 
Pembrolizumab for advanced endometrial cancer. N Engl J Med 
2022;386:437–48. 

 25 Makker V, Taylor MH, Aghajanian C, et al. Lenvatinib plus 
Pembrolizumab in patients with advanced endometrial cancer. J Clin 
Oncol 2020;38:2981–92. 

 26 O012/#352 Atezolizumab and Bevacizumab in recurrent endometrial 
cancer: a phase II, multi institutional trial. n.d. Available: http://dx.doi. 
org/10.1136/ijgc-2022-igcs.14

 on June 1, 2024 by guest. P
rotected by copyright.

http://jitc.bm
j.com

/
J Im

m
unother C

ancer: first published as 10.1136/jitc-2023-008037 on 19 A
pril 2024. D

ow
nloaded from

 

http://dx.doi.org/10.21037/tlcr-21-464
http://dx.doi.org/10.1016/j.jtho.2023.10.014
http://dx.doi.org/10.1016/j.jtho.2023.10.014
http://dx.doi.org/10.1016/j.eclinm.2023.102106
http://dx.doi.org/10.1016/S0140-6736(19)30723-8
http://dx.doi.org/10.1016/j.jhep.2021.11.030
http://dx.doi.org/10.1136/jitc-2021-004025
http://dx.doi.org/10.1136/jitc-2021-004025
http://dx.doi.org/10.1097/PPO.0000000000000327
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/125085s340lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/125085s340lbl.pdf
http://dx.doi.org/10.1016/j.annonc.2021.02.015
http://dx.doi.org/10.1093/annonc/mdz135
http://dx.doi.org/10.1016/S1470-2045(21)00216-3
http://dx.doi.org/10.1371/journal.pone.0189848
http://dx.doi.org/10.1016/S1470-2045(19)30027-0
http://dx.doi.org/10.1001/jamanetworkopen.2021.49040
http://dx.doi.org/10.1056/NEJMoa2108330
http://dx.doi.org/10.1200/JCO.19.02627
http://dx.doi.org/10.1200/JCO.19.02627
http://dx.doi.org/10.1136/ijgc-2022-igcs.14
http://dx.doi.org/10.1136/ijgc-2022-igcs.14
http://jitc.bmj.com/

	Phase 1a dose escalation study of ivonescimab (AK112/SMT112), an anti-PD-1/VEGF-A bispecific antibody, in patients with advanced solid tumors
	Abstract
	Introduction
	Methods
	Study design and patients
	Study procedure
	Pharmacokinetics
	Pharmacodynamics
	Statistical analysis

	Results
	Patient characteristics
	Safety and tolerability
	Efficacy
	Pharmacokinetics
	Pharmacodynamics

	Discussion
	References


