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Summary
Background Inhibiting vascular endothelial growth factor (VEGF) function can improve the efficacy of immuno-
therapy by modulating the tumor immune microenvironment. AK112 is the first-in-class humanized IgG1 bispecific
antibody targeting programmed death-1 (PD-1) and VEGF. This study aimed to evaluate the efficacy and safety of
AK112 combined with chemotherapy in patients with advanced non-small cell lung cancer (NSCLC).

Methods This open-label, multicenter, phase II clinical trial was conducted in 11 hospitals in China. Eligible
participants were adults aged 18–75 years with locally advanced or metastatic NSCLC, an Eastern Cooperative
Oncology Group performance status of 0 or 1, at least one measurable lesion, and an estimated life expectancy of
at least 3 months. The participants were categorized into three cohorts based on prior therapy and functional
genomic alterations. Patients in cohort 1 were previously untreated advanced NSCLC, had no epidermal growth
factor receptor (EGFR) or anaplastic lymphoma kinase (ALK) gene modifications, and received AK112 combined
with pemetrexed (500 mg/m2) for non-squamous (non-sq)-NSCLC or paclitaxel (175 mg/m2) for sq-NSCLC plus
carboplatin (area under the curve of 5 mg/mL per min) for four cycles, followed by AK112 with pemetrexed for
non-sq-NSCLC and AK112 alone for sq-NSCLC as maintenance therapy. The participants in cohort 2 had
advanced NSCLC with EGFR-sensitive mutations, failed previous EGFR-tyrosine kinase inhibitor (TKI) therapy,
and received pemetrexed plus AK112 and carboplatin for four cycles, followed by pemetrexed plus AK112 as
maintenance therapy. The participants in cohort 3 had advanced NSCLC who failed systemic platinum-based
chemotherapy and anti-PD-1/programmed death-ligand 1 (PD-L1) treatments and received AK112 plus docetaxel
(75 mg/m2). Two dosages of AK112 (10 or 20 mg/kg) were examined in each cohort, and the drug was
administered intravenously on day 1 of each 3-week treatment cycle. The primary endpoints were the investigator-
assessed objective response rate (ORR) and safety. This study was registered with ClinicalTrials.gov (NCT04736823).

Findings Eighty-three patients were enrolled from February 2021 to August 2022 and received the study treatment.
Cohorts 1, 2, and 3 had 44, 19, and 20 patients, respectively. The confirmed ORR was 53.5% (23/43) [95% CI,
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36.9–67.1], 68.4% (13/19) [95% CI, 43.4–87.4], and 40.0% (8/20) [95% CI, 19.1–63.9] in cohorts 1, 2, and 3, respectively.
In cohort 1, the median PFS was not reached, and the 12-month PFS rate was 59.1%. In cohorts 2 and 3, the median
PFS were 8.5 [95% CI, 5.5-NE] and 7.5 [95% CI, 2.3-NE] months, and the 12-month PFS rates were 35.5% and 44.5%,
respectively. The most common grade ≥3 treatment-related adverse events were decreased white blood cell count [7
(8.4%)], neutropenia [5 (6.0%)], thrombocytopenia [2 (2.4%)], anemia [4 (4.8%)], and myelosuppression [2 (2.4%)].

Interpretation AK112 plus platinum-doublet showed promising antitumor activity and safety not only in first-line
treatment of advanced NSCLC patients without driver mutation but also in patients with EGFR-functional
mutation who failed previous EGFR-TKI therapy and advanced NSCLC patients who failed prior systemic
platinum-based chemotherapy and PD-1/PD-L1 inhibitor treatments, suggesting a valuable potential new
treatment option for this patient population.

Funding Akeso Biopharma, Inc., Zhongshan, China, and National Natural Science Foundation of China.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We searched for articles and abstracts in PubMed and from
the major oncology congresses (the American Society of
Clinical Oncology, World Conference on Lung Cancer, the
American Association for Cancer Research, and European
Society for Medical Oncology) for studies on non-small cell
lung cancer (NSCLC) and immunotherapy regimens published
from database inception to June 20, 2023, using search terms
of “non-small-cell lung cancer”, “chemotherapy”, “anti-PD-1”,
“anti-PD-L1”, “EGFR”, “bispecific antibody”, “dual
immunotherapy”, “bevacizumab” “anti-angiogenesis”, and
“progressed”, without language restriction. Previous clinical
trials revealed that the efficacy of PD-1 and PD-L1 inhibitors
was enhanced when combined with VEGF inhibitors in non-
squamous NSCLC including phase III IMpower-150 trial and
TASUKI-52 trial while patients with EGFR sensitive mutation
can also benefit from PD-1 and PD-L1 inhibitors combined
with VEGF inhibitors after failure of targeted therapy, as
shown in the subgroup analysis of IMpower-150 and phase III
ORIENT-31 trial. However, no squamous-NSCLC patients were
enrolled in these phase III trials and for the patients who
failed first-line treatment of PD-1/L1 checkpoint inhibitor plus
chemotherapy, no immune-oncology agent or combination
was effective in this refractory setting, a major unmet need.

Added value of this study
AK112 is the global first-in-class humanized IgG1 bispecific
antibody targeting PD-1 and VEGF, inhibiting PD-1-mediated
immunosuppression, and blocking tumor angiogenesis in the
tumor microenvironment. To the best of our knowledge, this
was the first phase II trial evaluating the efficacy and safety of
a bispecific antibody targeting PD-1 and VEGF (AK112) in
combination with chemotherapy in metastatic NSCLC,
including both non-squamous and squamous NSCLC. AK112
plus chemotherapy showed promising antitumor activity in
advanced NSCLC patients without driver mutation as first-line
treatment, in patients with EGFR-functional mutation who
failed previous EGFR-TKI therapy, and in advanced NSCLC
patients who failed prior systemic platinum-based
chemotherapy and PD-1/L1 inhibitors.

Implications of all the available evidence
Our results supported the further evaluation of AK112 in
combination with chemotherapy in treating NSCLC. AK112
may be a valuable potential new treatment option for this
patient population. Based on the results of the present study,
a phase III randomized control trial of AK112 plus
chemotherapy in NSCLC patients with EGFR mutation who
progressed with previous EGFR-TKI is now ongoing
(NCT05184712).
Introduction
The current first-line therapies for advanced and meta-
static non-small cell lung cancer (NSCLC) without drug-
gable oncogenic driver mutations include anti-
programmed death 1 (PD-1)/programmed death ligand
1 (PD-L1) antibodies monotherapy for patients with high
PD-L1 expression,1–4 immune checkpoint inhibitors (ICI)
in combination with platinum-doublet chemotherapy
regardless of PD-L1 expression,5,6 and four-drug
combination of bevacizumab and atezolizumab plus
chemotherapy for metastatic non-squamous (non-sq)-
NSCLC, based on the results of the IMpower-150 trial
showed that the combination of antiangiogenic agents
and ICIs significantly improved patient survival.6 Never-
theless, some patients responded poorly, and more
effective options might be necessary.

Although first-line targeted therapy for NSCLC pa-
tients with epidermal growth factor receptor (EGFR)
www.thelancet.com Vol 62 August, 2023
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mutation is available,7–9 drug resistance is increasing,
and platinum-based chemotherapy remains the main
therapy after targeted therapy failure.10 In the subgroup
analyses of the IMpower-150 trial, combinations of ate-
zolizumab, bevacizumab, and chemotherapy demon-
strated a trend of survival benefits in patients with EGFR
mutation.11,12 Furthermore, the ORIENT-31 phase III
trial showed that sintilimab (a PD-1 inhibitor) plus
bevacizumab biosimilar (IBI305), cisplatin, and peme-
trexed was generally effective and well tolerated in pa-
tients with EGFR-mutated NSCLC who progressed after
EGFR tyrosine kinase inhibitors (TKIs).13

A major unmet need remains in patients who have
failed first-line treatment of PD-1/PD-L1 inhibitors plus
chemotherapy. Cabozantinib plus atezolizumab was not
superior to docetaxel alone in the final OS analysis of the
phase III CONTACT-01 trial.14 Ramucirumab combined
with pembrolizumab showed potential benefits compared
with the standard treatment in the phase II Lung-MAP
S1800A trial,15 and sitravatinib plus tislelizumab demon-
strated acceptable safety profile and objective responses in
advanced NSCLC in a phase Ib trial.16 However, the
promising results need to be confirmed with larger
studies.

The vascular endothelial growth factor (VEGF) plays a
central role in tumor angiogenesis,17,18 immunomodulat-
ing the tumor microenvironment (TME), and modulating
multiple immune cell populations, especially myeloid
cells.19,20 Given the effects of anti-angiogenesis and im-
mune checkpoint blockade on the TME, combining ICIs
and antiangiogenic agents exhibited a potential syner-
gistic antitumor effect in preclinical and clinical
studies.21–23 AK112 is the first-in-class humanized IgG1
bispecific antibody that targets PD-1 and VEGF by
inhibiting PD-1-mediated immunosuppression and
simultaneously blocking tumor angiogenesis in the TME.
The tetravalent structure of the AK112 allows the for-
mation of large complexes with dimeric VEGF, resulting
in high avidity to PD-1 and improved function and elic-
iting potent antitumor activity in preclinical studies.24

AK112 showed considerable safety and significant anti-
tumor efficacy in patients with advanced NSCLC, and
AK112 monotherapy at a dosage of 20 mg/kg every 3
weeks was recommended in the phase II trial.25

Herein, we aimed to assess the safety and efficacy of
AK112 combined with chemotherapy for treating
advanced NSCLC in patients who were treatment naïve,
patients with EGFR-activating mutations who failed
previous EGFR-TKI therapies, and patients who failed
systemic platinum-based chemotherapy and PD-1/L1
inhibitor treatments.
Methods
Study design and participants
This open-label, multicenter, phase II clinical study was
conducted in 11 hospitals in China. The participants
www.thelancet.com Vol 62 August, 2023
were categorized into three cohorts based on prior
therapy and functional genomic alterations. Two dosage
levels of AK112 were administered to each of the three
cohorts. Cohort 1 included patients with advanced or
metastatic NSCLC without EGFR or anaplastic lym-
phoma kinase (ALK) gene alterations and received
AK112 in combination with platinum-based chemo-
therapy as first-line treatment. Cohort 2 included pa-
tients with advanced NSCLC with EGFR-sensitive
mutations who failed first- or second-generation EGFR-
TKI therapy and were negative for T790M mutation or
failed third-generation EGFR-TKI therapy and received
AK112 combined with platinum-based chemotherapy.
Cohort 3 consisted of patients with advanced NSCLC
who failed systemic platinum-based chemotherapy and
PD-1/L1 inhibitor treatments and received AK112 plus
docetaxel (Supplementary Fig. S1).

The main inclusion criteria were 1) 18–75 years of
age, 2) Eastern Cooperative Oncology Group (ECOG)
performance status score of 0 or 1, 3) expected survival
of ≥3 months, 4) histologically or cytologically
confirmed locally advanced (stage IIIB/IIIC) or meta-
static (stage IV) NSCLC that could not be surgically
completely resected and who could not undergo radical
concurrent/sequential chemoradiotherapy, 5) prior
tissue-based EGFR and ALK reports, or otherwise pro-
vided tumor tissue samples (archival or fresh, primary
or metastatic) for assessment of EGFR and ALK status
(either to local laboratory or to central laboratory) for
non-sq-NSCLC, and 6) at least one measurable lesion as
per Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST v1.1) and appropriate for repeated
accurate measurement.

The main exclusion criteria were 1) small cell carci-
noma confirmed by histopathological analysis or NSCLC
with ALK gene translocation, 2) tumor encircling
important blood vessels, had significant necrosis and
cavitation, or had central, cavitary squamous NSCLC on
CT images, or patients with a risk of hemorrhage judged
by the investigator, 3) other malignancies within 3 years
before enrollment, or 4) metastases to the brainstem,
meninges, or spinal cord, or spinal cord compression.
The complete eligibility criteria are listed in the trial
protocol (Supplementary File).

This study followed all applicable regulatory re-
quirements, the Declaration of Helsinki, and good
clinical practice guidelines. The study was approved by
the institutional review board and ethics committee at
each participating center. All patients provided written
informed consent before enrollment.

Procedures
Two dosage levels of AK112 (10 mg/kg or 20 mg/kg
every 3 weeks) were investigated in each cohort. Since
the present study was the first study of AK112 plus
chemotherapy, in order to guarantee patient safety, half
of the patients in each cohort received 10 mg/kg AK112
3
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first, and if that dose was safe and tolerable, the
remaining patients received 20 mg/kg AK112
(Supplementary Fig. S1).

The participants with non-sq-NSCLC in cohort 1
received AK112 plus pemetrexed (500 mg/m2) plus car-
boplatin [area under the curve (AUC), 5 mg/mL per min]
for four cycles, followed by maintenance therapy with
AK112 plus pemetrexed (500 mg/m2). Participants with
squamous (sq)-NSCLC in cohort 1 received AK112 plus
paclitaxel (175 mg/m2) plus carboplatin (AUC, 5 mg/mL
per min) for four cycles, followed by maintenance therapy
with AK112. In cohort 2, the participants were treated with
AK112 plus pemetrexed (500 mg/m2) plus carboplatin
(AUC, 5 mg/mL per min) for four cycles, followed by
maintenance therapy with AK112 plus pemetrexed
(500 mg/m2). In cohort 3, the participants received AK112
plus docetaxel (75 mg/m2). Treatment was administered
intravenously on day 1 of each 3-week treatment cycle. No
dose modifications were allowed for AK112 during the
treatment period, but drug administration delays were
allowed for up to 12 weeks (calculated from the time of the
last dosage). All patients continued to receive treatment
until no longer clinical benefit as judged by the investi-
gator, intolerable toxicity, completion of 24 months of
treatment, or meeting other criteria for discontinuation of
treatment in the protocol. The details of treatments were
provided in the protocol (Supplementary File).

Endpoints
The two primary endpoints were the objective response
rate (ORR), which was defined as the proportion of pa-
tients achieving a confirmed complete response (CR) or
partial response (PR) according to RECIST v1.1 assessed
by the investigator, and safety. The secondary endpoints
included progression-free survival (PFS) (the time from
enrollment to progression or death due to any cause), the
disease control rate (DCR) (the proportion of patients
achieving a confirmed CR or PR, or stable disease [SD]),
duration of response (DOR) (the time from the first
confirmed CR or PR to the first documentation of pro-
gressive disease [PD] or death due to any cause), overall
survival (OS) (the time from enrollment to death due to
any cause), and PD-L1 expression as a predictive
biomarker of response. Tumor assessments were per-
formed at baseline, then every 6 weeks (±7 days) for 48
weeks, and every 12 weeks (±7 days) thereafter. ORR was
also analyzed according to PD-L1 expression level (<1%,
1–49%, and ≥50%).

The adverse events (AEs) for each patient were
collected up to 30 days after the end of treatment, 90 days
for serious adverse events (SAEs) and immune-related
AEs (irAEs), or the initiation of other antitumor ther-
apy. Adverse events, laboratory abnormalities, and toxic-
ities were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (NCI CTCAE, Version 5.0). Survival assessments
were performed every 3 months after the last dose, and
subsequent antitumor therapy information was collected
after discontinuing the study drug.

Statistical analysis
The sample size was based on estimation without a
statistical hypothesis to explore the efficacy and toxicity
of AK112 when combined with chemotherapy. Forty
patients in cohort 1 (20 non-sq-NSCLC and 20 sq-
NSCLC), 20 patients in cohort 2, and 20 patients in
cohort 3 were planned to be included.

Safety analysis was done in all patients who received
at least one dose of the study drug (safety set; SS). Ef-
ficacy analysis was performed in all patients who
received at least one dose of the study drug and had
measurable disease at baseline with ≥1 efficacy assess-
ment (full analysis set; FAS). The two-sided 95% confi-
dence intervals (CIs) for ORR and DCR were estimated
using the Clopper-Pearson method. The DOR, PFS, and
OS were determined using the Kaplan–Meier method,
and the corresponding 95% CIs were estimated by the
Brookmeyer-Crowley method. The OS analysis was
performed based on the SS. The graphical analyses
included swimming plots for tumor responses at each
efficacy assessment, spider plots for percentage changes
in the tumor burden of the target lesions over time from
the baseline, and waterfall plots for the best percentage
changes in the tumor burden of the target lesions from
the baseline. All statistical analyses were performed
using SAS version 9.4.

This trial was registered with ClinicalTrials.gov
(NCT04736823).

Role of the funding source
This study was designed by the principal investigator
(LZ) and the funding agency (Akeso Biopharma Inc.).
The funder provided the study drug, contributed to data
collection and interpretation, funded the data analysis,
and participated in the preparation and review of the
manuscript in collaboration with all co-authors. All au-
thors had full access to all the data in the study, and the
corresponding author was responsible for submitting
the manuscript for publication.
Results
Participants
Of 121 patients screened for eligibility from February
2021 to August 2022, 38 failed to participate in this
study due to withdrawal of consent (9 patients), inel-
igible genetic test results (9), inadequate organ func-
tions (8), concomitant diseases (5), ineligible prior
treatment regimens (4), and other reasons (3).
Therefore, 83 patients were selected to receive the
study treatment. Forty-four participants were in
cohort 1, 19 were in cohort 2, and 20 were in cohort 3;
82 participants were included in the FAS (Fig. 1). One
subject in cohort 1 refused post-baseline follow-up
www.thelancet.com Vol 62 August, 2023
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visits and had no efficacy assessments, and thus was
not included in the FAS. The baseline demographic
and disease characteristics of the patients are pro-
vided in Table 1. On August 5, 2022 (data cutoff), the
median follow-up was 12.7 (95% CI, 11.6–13.8)
months for cohort 1, 11.0 (95% CI, 8.5–12.9) months
for cohort 2, and 10.3 (95% CI, 8.1–11.7) months for
cohort 3. The median duration of drug exposure was
354.5 days (range 22–516), 259.0 days (range 44–519),
and 162.5 days (range 42–438) in the three cohorts,
respectively.

Efficacy
In cohort 1 (patients receiving first-line AK112 in com-
bination with platinum-based chemotherapy), the
confirmed ORR was 53.5% (23/43) [95% CI, 36.9–67.1]
and DCR was 93.0% (40/43) [95% CI, 80.9–98.5]
(Table 2). In non-sq-NSCLC and sq-NSCLC, the
confirmed ORR was 48.0% (12/25) [95% CI, 27.8–68.7]
and 61.1% (11/18) [95% CI, 35.7–82.7]. In participants
Fig. 1: Trial profile. Data collection was cut off on August 5, 2022. †The
study treatment. The full analysis set included patients in the safety set
refused post-baseline follow-up visits and had no efficacy assessments, a

www.thelancet.com Vol 62 August, 2023
with AK112 at 10 and 20 mg/kg, the ORR was 52.6%
(10/19) [95% CI, 28.9–75.6] and 54.2% (13/24) [95% CI,
32.8–74.4], respectively (Table 2 and Supplementary
Table S1). The median PFS was not reached (Fig. 2A).
The 3-, 6-, and 12-month PFS rates were 93.2% [95% CI,
80.3–97.7], 79.1% [95% CI, 63.7–88.6], and 59.1% [95%
CI, 42.6–72.4], respectively (Fig. 2A). A swimmer plot of
treatment duration showed that at the data cutoff, 24 of
43 participants (55.8%) were still receiving the assigned
treatment (Fig. 2B). Tumor volume changes over time
were demonstrated using a spider plot, indicating that
patients benefited from treatment regardless of the
histological characteristics of cancer and dosage levels of
AK112 (Fig. 2C). Except for one participant, the tumor
of all other participants shrank to varying degrees dur-
ing treatment (Fig. 2D).

In cohort 2 (patients with EGFR-sensitive mutations
who failed previous targeted therapy), 5 (26.3%) partici-
pants had received the first- or second-generation EGFR-
TKIs, and 14 (73.7%) had received the third generation
safety set included all the patients who received at least one dose of
who had at least one efficacy assessment. *One subject in cohort 1
nd thus was not included in the full analysis set.

5
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Characteristic Cohort 1 (n = 44) Cohort 2 (n = 19) Cohort 3 (n = 20)

Age, years

Median (range) 57.6 (44.3–73.0) 60.2 (34.7–64.9) 60.0 (31.6–73.4)

<65, n (%) 35 (79.5) 19 (100.0) 16 (80.0)

≥65, n (%) 9 (20.5) 0 (0.0) 4 (20.0)

Sex, n (%)

Male 105 (77.8) 6 (31.6) 16 (80.0)

Female 30 (22.2) 13 (68.4) 4 (20.0)

ECOG performance status score, n (%)

0 28 (63.6) 5 (26.3) 1 (5.0)

1 16 (36.4) 14 (73.7) 19 (95.0)

Smoking status, n (%)

Current or former 24 (54.5) 4 (21.1) 15 (75.0)

Never 20 (45.5) 15 (78.9) 5 (25.0)

PD-L1 tumor proportion score, n (%)

<1% 20 (45.5) 10 (52.6) 6 (30.0)

1–49% 16 (36.4) 6 (31.6) 8 (40.0)

≥50% 6 (13.6) 3 (15.8) 4 (20.0)

Unknown 2 (4.5) 0 (0.0) 2 (10.0)

Disease stage, n (%)

III 4 (9.1) 0 (0.0) 3 (15.0)

IV 40 (90.9) 19 (100.0) 17 (85.0)

Brain metastases, n (%) 11 (25.0) 7 (36.8) 1 (5.0)

Number of distant metastases (excluding lungs), n (%)

<3 32 (72.7) 9 (47.4) 15 (75.0)

≥3 12 (27.3) 10 (52.6) 5 (25.0)

Histologic features, n (%)

Squamous 18 (40.9) 0 (0.0) 7 (35.0)

Non-squamous 26 (59.1) 19 (100.0) 13 (65.0)

EGFR mutation status (cohort 2), n (%)

19del and T790M+ 0 8 (42.1) 0

19del and T790M- 0 5 (26.3) 0

L858R and T790M+ 0 2 (10.5) 0

L858R and T790M- 0 3 (15.8) 0

G719X and T790M- 0 1 (5.3) 0

Generation of previous EGFR-TKIs (cohort 2), n (%)

First or second 0 5 (26.3) 0

First or second, followed by third 0 14 (73.7) 0

Third as first-line 0 0 0

Using bevacizumab (cohort 3), n (%)

Yes 0 0 4 (20.0)

No 0 0 16 (80.0)

Lines of prior cancer therapy (cohorts 2 and 3), n (%)

1 0 5 (26.3) 14 (70.0)

≥2 0 14 (73.7) 6 (30.0)

The best curative effect of previous treatments (cohorts 2 and 3), n (%)

CR/PR NA 4 (21.1) 8 (40.0)

SD NA 0 (0.0) 7 (35.0)

PD NA 1 (5.3) 0 (0.0)

Unknown NA 13 (68.4) 5 (25.0)

Missing NA 1 (5.3) 0 (0.0)

n, number; ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed death-ligand 1; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease; NA, not applicable.

Table 1: Baseline demographic and clinical characteristics.
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Cohort 1 Cohort 2 Cohort 3

10 mg/kg Q3W
(n = 19)

20 mg/kg Q3W
(n = 24)

Total
(n = 43)

10 mg/kg Q3W
(n = 10)

20 mg/kg Q3W
(n = 9)

Total
(n = 19)

10 mg/kg Q3W
(n = 10)

20 mg/kg Q3W
(n = 10)

Total
(n = 20)

ORR confirmed, n (%) 10 (52.6) 13 (54.2) 23 (53.5) 8 (80.0) 5 (55.6) 13 (68.4) 4 (40.0) 4 (40.0) 8 (40.0)

95% CI [28.9–75.6] [32.8–74.4] [37.7–68.8] [44.4–97.5] [21.2–86.3] [43.4–87.4] 4 (40.0) 4 (40.0) [19.1–63.9]

DCR confirmed, n (%) 17 (89.5) 23 (95.8) 40 (93.0) 9 (90.0) 9 (100.0) 18 (94.7) 7 (70.0) 7 (70.0) 14 (70.0)

95% CI [66.9–98.7] [78.9–99.9] [80.9–98.5] [55.5–99.7] [66.4–100.0] [74.0–99.9] [34.8–93.3] [34.8–93.3] [45.7–88.1]

DOR (months) NR NR NR 8.38 3.91 8.38 NR NR NR

95% CI [2.79-NE] [8.57-NE] [11.07-NE] [4.14-NE] [2.76-NE] [3.91-NE] [8.54-NE] [3.78-NE] [3.78-NE]

n, number; Q3W, every 3 weeks; ORR, objective response rate; DCR, disease control rate; DOR, duration of response; CI, confidence interval; NR, not reached; NE, not evaluable. Full analysis set: All subjects
in the enrolled analysis set had received at least one study drug therapy and had a measurable lesion at baseline (as defined by RECIST v1.1). ORR was based on the full analysis set of subjects with at least
one tumor evaluation after drug administration.

Table 2: Summary of efficacy (full analysis set, n = 82).

Articles
EGFR-TKIs following failure of the first- or second-
generation ones. Thirteen out of 19 participants [68.4%
(95% CI, 43.4–87.4)] achieved an overall response, and 18
participants [94.7% (95% CI, 74.0–99.9)] achieved disease
control with AK112 plus pemetrexed and carboplatin
(Table 2). Eleven disease progression events occurred for
a median PFS of 8.5 months [95% CI, 5.5-NE]. The 6- and
12-month PFS rates were 63.2% [95% CI, 37.9–80.4] and
35.5% [95% CI, 12.1–60.2], respectively (Supplementary
Fig. S2A). Seven out of 19 participants (36.8%) in
Fig. 2: Progression-free survival and tumor response in cohort 1. (A) K
survival; NR, not reached; NE, not evaluable. (B) Swimmer plot of treatme
and the dose of AK112 (as assessed by RECIST 1.1). Q3W, every 3 weeks;
disease; PD, progressive disease. (C) Spider plot of tumor volume changes o
AK112. (D) Waterfall plot of optimal percentage variation of tumor burden
dose of AK112.
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cohort 2 were still receiving the assigned treatment at the
data cutoff date (Supplementary Fig. S2B). Tumor vol-
ume was reduced in most patients during treatment,
according to the spider plot (Supplementary Fig. S2C).
Except for one participant in the 10-mg/kg group, the
tumors of all participants shrank compared with baseline
(Supplementary Fig. S2D).

In cohort 3 (patients who failed previous systemic
platinum-based chemotherapy and PD-1/L1 inhibitor
treatments), the ORR was 40.0% (8/20) [95% CI,
aplan–Meier curve of progression-free survival. PFS, progression-free
nt duration for patients grouped by histopathological characteristics
NSQ, non-squamous; SQ, squamous; PR, partial response; SD, stable
ver time grouped by histopathological characteristics and the dose of
in target lesion grouped by histopathological characteristics and the
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19.1–63.9] and DCR 70% (14/20) [95% CI, 45.7–88.1]
with AK112 plus docetaxel therapy (Table 2). The median
PFS was 7.5 months (95% CI, 2.3-NE), and the 12-month
PFS rate was 44.5% [95% CI, 21.1–65.5] (Supplementary
Fig. S3A). Six out of 20 participants (30.0%) in cohort 3
were still receiving the assigned treatment
(Supplementary Fig. S3B). Based on the spider and
waterfall plots, the tumor volume decreased in more than
half of the participants (Supplementary Fig. S3C and D).

As shown in Supplementary Table S2, in all three
cohorts, the ORRs appeared higher in the participants
with PD-L1 expression of 1%–49% and ≥50% compared
with <1% (PD-L1-negative).

Safety
Treatment-emergent adverse events (TEAEs) were re-
ported in all 83 (100.0%) participants, with grade 3 or
higher TEAEs in 43 (51.8%) participants. Any grade or
grade ≥3 treatment-related adverse events (TRAEs)
occurred in 76 (91.6%) and 22 (26.5%) participants,
respectively. Discontinuation of study drugs due to
TRAE occurred in two (2.4%) participants, and one
(1.2%) participant died due to TRAE (Table 3).

The most common TRAEs (≥10%) were decreased
white blood cell count [15 (18.1%)], neutropenia [14
(16.9%)], decreased platelet count [10 (12.0%)], anemia [16
(19.3%)], alanine aminotransferase increase [20 (24.1%)],
increased amylase [17 (20.5%)], aspartate aminotrans-
ferase increase [17 (20.5%)], proteinuria [18 (21.7%)],
epistaxis [14 (16.9%)], rash [9 (10.8%)], and diarrhea [9
(10.8%)]. All reported grade ≥3 TRAEs were provided
(Table 3), with the most common being decreased white
blood cell count [7 (8.4%)], neutropenia [5 (6.0%)],
thrombocytopenia [2 (2.4%)], anemia [4 (4.8%)], and
myelosuppression [2 (2.4%)]. Any-grade irAEs were re-
ported in 14 (16.9%) participants, and those of grade 3 or
worse were reported in 2 (2.4%) participants. The most
common irAEs included hypothyroidism [5 (6.0%)], pru-
ritus [3 (3.6%)], and rash [3 (3.6%)]. Two grade 3 or worse
irAEs were adrenal insufficiency [1 (1.2%)], and amylase
increase [1 (1.2%)] (Table 3).
Discussion
To our knowledge, it was the first phase II trial evaluating
the efficacy and safety of a bispecific antibody targeting
PD-1 and VEGF (AK112) in combination with chemo-
therapy in metastatic NSCLC. AK112 plus platinum-
doublet showed promising antitumor activity not only
in first-line treatment for advanced NSCLC without driver
mutation but also for advanced NSCLC with EGFR-
activating mutation that failed previous EGFR-TKI ther-
apy. Besides, AK112 plus docetaxel exhibited favorable
antitumor activity in patients with advanced NSCLC who
failed prior systemic platinum-based chemotherapy and
PD-1/L1 inhibitor treatments. Generally, AK112 was well
tolerated in all patients.
Several clinical studies of solid tumors reported the
clinical benefits of combining ICIs and antiangiogenic
agents.26–30 In the phase III IMpower-150 trial that
examined atezolizumab plus bevacizumab plus chemo-
therapy (ABCP) as first-line treatment for non-sq-
NSCLC, the ORR, and PFS were 63.5% and 8.3
months, respectively. The 6- and 12-month PFS rates
were 66.9% and 36.5%, respectively.6 In this study, the
confirmed ORR was 53.3% in the participants who
received first-line AK112 combined with chemotherapy.
The median PFS was not reached, and the 6- and 12-
month PFS rates were 79.1% and 59.1%, respectively.
The trial with bevacizumab did not include sq-NSCLC,
but the present trial included sq-NSCLC. In cohort 1,
18 of the 44 (40.9%) participants had sq-NSCLC, with an
ORR of 61.1%.

Dual immunotherapies targeting PD-1 and CTLA-4
were investigated in NSCLC. In the phase III Check-
Mate 9LA and POSEIDON trials, both sq- and non-sq-
NSCLC patients were enrolled, with proportions of
31% (113/361) and 36.7% (124/338) being sq-NSCLC,
respectively, in dual immunotherapy groups.31,32 The
ORR was 38.2%, the median PFS was 6.7 months, and
the 12-month PFS rate was 33% in the nivolumab plus
ipilimumab plus chemotherapy group, and the
confirmed ORR was 38.8%, the median PFS was 6.2
months, the 12-month PFS rate was 26.6% in the
tremelimumab plus durvalumab plus chemotherapy
group.31,32 In the present study, AK112 showed prom-
ising efficacy as a first-line treatment in NSCLC without
driver mutation. Still, because of the small sample size
and of no comparator group in the present study,
comparisons with previous phase II/III trials can be
misleading. Although promising, the efficacy of AK112
has to be confirmed in formal phase III trials. Based on
the current study, AK112 (20 mg/kg Q3W) was selected
for further investigation.

Patients with NSCLC and EGFR mutations need
better therapies after failure of TKI treatment. In the
IMpower-150 subgroup of patients with EGFR-sensitive
mutations, the ORR was 70.6%, the median PFS was
10.2 months, and the 12-month PFS rate was 42.4% in
the ABCP group, while the ORR was 35.6%, the median
PFS was 6.9 months, and the 12-month PFS rate was
17.5% in the ACP group, suggesting that atezolizumab
combined with bevacizumab plus chemotherapy might
be a new subsequent treatment option in patients with
EGFR TKI treatment failure.12 Lately, in the phase III
ORIENT-31 trial, the ORR was 44%, and the median
PFS and 12-month PFS rate were 6.9 months and 28%,
respectively, with sintilimab plus IBI305 plus cisplatin
plus pemetrexed.13 In cohort 2 of the present study, the
ORR was 68.4%, the PFS was 8.5 months, and the 12-
month PFS rate was 35.5%. Even with a small sample
size, AK112 plus chemotherapy was promising in pa-
tients with EGFR mutation who progressed with prior
EGFR-TKI therapy. Based on these results, a phase III
www.thelancet.com Vol 62 August, 2023
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Event AK112 (10 mg/kg Q3W)
plus chemotherapy
(n = 40)

AK112 (20 mg/kg Q3W)
plus chemotherapy
(n = 43)

Total (n = 83)

Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3

Any treatment-emergent adverse events 40 (100.0) 21 (52.5) 43 (100.0) 22 (51.2) 83 (100.0) 43 (51.8)

Adverse event leading to discontinuation of study drug 1 (2.5) 1 (2.3) 2 (2.4)

Adverse event leading to death 1 (2.5) 4 (9.3) 5 (6.0)

Any treatment-related adverse events 37 (92.5) 9 (22.5) 39 (90.7) 13 (30.2) 76 (91.6) 22 (26.5)

Any treatment-related adverse event leading to discontinuation of the study drug 1 (2.5) 1 (2.3) 2 (2.4)

Any treatment-related adverse event leading to death 1 (2.5) 0 (0.0) 1 (1.2)

Grade 1–2 any treatment-related adverse events occurring in ≥5% of patients in
either group and all grade ≥3 any treatment-related adverse events

Hematological toxicities

Decreased white blood cell count 10 (25.0) 3 (7.5) 5 (11.7) 4 (9.4) 15 (18.1) 7 (8.4)

Decreased neutrophil count 7 (17.5) 1 (2.5) 7 (16.3) 4 (9.3) 14 (16.9) 5 (6.0)

Decreased platelet count 8 (20.0) 2 (5.0) 2 (4.7) 0 (0.0) 10 (12.0) 2 (2.4)

Decreased lymphocyte count 1 (2.5) 0 (0.0) 3 (7.0) 1 (2.3) 4 (4.8) 1 (1.2)

Anemia 10 (25.0) 2 (5.0) 6 (13.9) 2 (4.6) 16 (19.3) 4 (4.8)

Myelosuppression 2 (5.0) 2 (5.0) 0 (0.0) 0 (0.0) 2 (2.4) 2 (2.4)

Febrile neutropenia 1 (2.5) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2) 1 (1.2)

Non-hematological toxicities

Alanine aminotransferase increased 15 (37.5) 0 (0.0) 5 (11.6) 0 (0.0) 20 (24.1) 0 (0.0)

Increased amylase 6 (15.0) 1 (2.5) 11 (25.6) 0 (0.0) 17 (20.5) 1 (1.2)

Aspartate aminotransferase increased 11 (27.5) 0 (0.0) 6 (14.0) 0 (0.0) 17 (20.5) 0 (0.0)

C-reactive protein increased 3 (7.5) 0 (0.0) 3 (7.0) 0 (0.0) 6 (7.2) 0 (0.0)

Gamma-glutamyltransferase increased 2 (5.0) 0 (0.0) 4 (9.3) 1 (2.3) 6 (7.2) 1 (1.2)

Blood bilirubin increased 4 (10.0) 0 (0.0) 1 (2.3) 0 (0.0) 5 (6.0) 0 (0.0)

Weight decreased 3 (7.5) 0 (0.0) 2 (4.7) 0 (0.0) 5 (6.0) 0 (0.0)

Blood lactate dehydrogenase increased 1 (2.5) 0 (0.0) 3 (7.0) 0 (0.0) 4 (4.8) 0 (0.0)

Blood thyroid stimulating hormone increased 2 (5.0) 0 (0.0) 1 (2.3) 0 (0.0) 3 (3.6) 0 (0.0)

Blood pressure increased 2 (5.0) 1 (2.5) 0 (0.0) 0 (0.0) 2 (2.4) 1 (1.2)

Diarrhea 3 (7.5) 0 (0.0) 6 (14.0) 0 (0.0) 9 (10.8) 0 (0.0)

Constipation 4 (10.0) 0 (0.0) 4 (9.3) 0 (0.0) 8 (9.6) 0 (0.0)

Nausea 4 (10.0) 0 (0.0) 4 (9.3) 0 (0.0) 8 (9.6) 0 (0.0)

Vomiting 2 (5.0) 0 (0.0) 6 (14.0) 0 (0.0) 8 (9.6) 0 (0.0)

Toothache 2 (5.0) 0 (0.0) 2 (4.7) 0 (0.0) 4 (4.8) 0 (0.0)

Abdominal distension 2 (5.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (2.4) 0 (0.0)

Enteritis 1 (2.5) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2) 1 (1.2)

Epistaxis 4 (10.0) 0 (0.0) 10 (23.3) 0 (0.0) 14 (16.9) 0 (0.0)

Hemoptysis 3 (7.5) 1 (2.5) 4 (9.3) 0 (0.0) 7 (8.4) 1 (1.2)

Productive cough 2 (5.0) 0 (0.0) 2 (4.7) 0 (0.0) 4 (4.8) 0 (0.0)

Cough 0 (0.0) 0 (0.0) 3 (7.0) 1 (2.3) 3 (3.6) 1 (1.2)

Dyspnoea 2 (5.0) 0 (0.0) 1 (2.3) 0 (0.0) 3 (3.6) 0 (0.0)

Rash 4 (10.0) 0 (0.0) 5 (11.6) 0 (0.0) 9 (10.8) 0 (0.0)

Pruritus 5 (12.5) 0 (0.0) 2 (4.7) 0 (0.0) 7 (8.4) 0 (0.0)

Alopecia 0 (0.0) 0 (0.0) 3 (7.0) 0 (0.0) 3 (3.6) 0 (0.0)

Fatigue 5 (12.5) 0 (0.0) 2 (4.7) 0 (0.0) 7 (8.4) 0 (0.0)

Chest discomfort 2 (5.0) 0 (0.0) 2 (4.7) 0 (0.0) 4 (4.8) 0 (0.0)

Malaise 2 (5.0) 0 (0.0) 2 (4.7) 0 (0.0) 4 (4.8) 0 (0.0)

Chest pain 2 (5.0) 0 (0.0) 1 (2.3) 0 (0.0) 3 (3.6) 0 (0.0)

Oedema peripheral 3 (7.5) 0 (0.0) 0 (0.0) 0 (0.0) 3 (3.6) 0 (0.0)

Pain 0 (0.0) 0 (0.0) 2 (4.7) 1 (2.3) 2 (2.4) 1 (1.2)

Death 1 (2.5) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2) 1 (1.2)

Proteinuria 9 (22.5) 0 (0.0) 9 (20.9) 0 (0.0) 18 (21.7) 0 (0.0)

Albuminuria 3 (7.5) 0 (0.0) 0 (0.0) 0 (0.0) 3 (3.6) 0 (0.0)

(Table 3 continues on next page)
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Event AK112 (10 mg/kg Q3W)
plus chemotherapy
(n = 40)

AK112 (20 mg/kg Q3W)
plus chemotherapy
(n = 43)

Total (n = 83)

Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3

(Continued from previous page)

Immune-related adverse events

Any event 5 (12.5) 2 (5.0) 9 (20.9) 0 (0.0) 14 (16.9) 2 (2.4)

Hypothyroidism 1 (2.5) 0 (0.0) 4 (9.3) 0 (0.0) 5 (6.0) 0 (0.0)

Adrenal insufficiency 1 (2.5) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2) 1 (1.2)

Hyperthyroidism 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0) 1 (1.2) 0 (0.0)

Pruritus 2 (5.0) 0 (0.0) 1 (2.3) 0 (0.0) 3 (3.6) 0 (0.0)

Rash 1 (2.5) 0 (0.0) 2 (4.7) 0 (0.0) 3 (3.6) 0 (0.0)

Amylase increased 1 (2.5) 1 (2.5) 0 (0.0) 0 (0.0) 1 (1.2) 1 (1.2)

Blood thyroid stimulating hormone increased 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.2) 0 (0.0)

Hyperglycaemia 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0) 1 (1.2) 0 (0.0)

Immune-mediated pneumonitis 0 (0.0) 0 (0.0) 1 (2.3) 0 (0.0) 1 (1.2) 0 (0.0)

n, number.

Table 3: Summary of adverse events for all patients who received treatment (safety set).
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randomized control trial of AK112 20 mg/kg Q3W plus
chemotherapy in these patients is ongoing
(NCT05184712).

In patients who failed first-line treatment of PD-1/L1
checkpoint inhibitor plus chemotherapy, no immune-
oncology agent or combination was effective. In this
refractory setting, there is a major unmet need.33 The
Lung-MAP S1800A trial reported that ramucirumab
plus pembrolizumab exhibited potential survival benefit
(median OS, 14.5 vs. 11.6 months) versus standard
treatment, although it did not improve the ORR (22%
vs. 28%) or median PFS (4.5 vs. 5.2 months).15 In cohort
3 of the present study, the ORR was 40.0%, the PFS was
7.5 months, and the 12-month PFS rate was 44.5%.
Cohort 3 is now extended to validate the efficacy of
docetaxel in combination with AK112 in the refractory
setting.

This study showed that AK112 plus chemotherapy
was well tolerated. This regimen had a much lower rate
of grades 3–4 TRAEs compared with the ABCP group of
IMpower-150 (26.5% versus 58.5%).6 Patients with sq-
NSCLC were also enrolled in the present study, and
there was no obvious increased risk of hemoptysis
compared with the ABCP group of IMpower-150 (8.4%
vs. 4.6%).6 The most common hemorrhagic event was
grades 1–2 epistaxis (16.9%). In the other two clinical
trials of dual immunotherapy with chemotherapy as
first-line treatment of NSCLC, CheckMate 9LA, and
POSEIDON, the incidence of grades 3–4 TRAEs were
47% and 51.8%, respectively.31,32 It was 26.5% in the
present study. TRAEs leading to treatment discontinu-
ation were 19% and 15.5% in the two trials mentioned
above.31,32 The rate was 2.4% here. The irAEs were
generally low-grade and manageable using current
guidelines. No unexpected AEs were observed.
The major limitations of the present trial were the lack
of statistical hypothesis, the non-randomized design, and
the small sample size as an exploratory phase II study.
The three groups provided preliminary data for their
specific type of patients. Further, although the exploratory
results suggested that positive and high PD-L1 expression
may lead to a better response to AK112, as supported by
previous studies,34–36 no conclusion can be drawn from
the present study considering the small number of pa-
tients in each subgroup. The biomarkers required to
identify a population that benefits from AK112 combi-
nation treatment remain to be revealed and confirmed by
larger, prospective studies.

In conclusion, AK112, in combination with chemo-
therapy, showed promising antitumor activity and was
safe in patients with advanced NSCLC, suggesting a
valuable potential new treatment option for this patient
population.
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