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Clinical Question Box

What is the current clinical evidence for bispecific antibodies targeting programmed cell death
protein 1 (PD-1) or programmed death-ligand 1 (PD-L1) and vascular endothelial growth factor
(VEGF) in non-small cell lung cancer (NSCLC), and what role might these agents have in future
treatment strategies?

PD-(L)I/VEGF bispecific antibodies are an emerging therapeutic strategy in NSCLC.
Ivonescimab currently provides the strongest proof of concept, with randomized phase III
trials demonstrating improvements in progression-free survival and, in selected settings, overall
survival. Other agents, including pumitamig, HB0025, and IMM2510, have also shown encour-
aging antitumor activity, although most supporting evidence remains derived from early-phase
or nonrandomized studies. As of August 2026, ivonescimab has been approved in China for
three NSCLC indications, including first-line treatment of advanced squamous NSCLC, while
regulatory approval outside China remains pending. The future role of this class will depend on
confirmatory survival data, long-term safety, optimal patient selection, and predictive biomarker
development.

Abstract

Immune checkpoint inhibition has transformed the treatment of advanced non-small cell lung cancer
(NSCLC), but primary and acquired resistance remain common. Vascular endothelial growth factor
(VEGF) contributes to both tumor angiogenesis and immune suppression by promoting abnormal
vasculature, limiting lymphocyte trafficking, and fostering an immunosuppressive tumor microen-
vironment. These complementary mechanisms provide a rationale for simultaneously targeting the
programmed cell death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) and VEGF pathways.
Bispecific antibodies integrating checkpoint blockade and VEGF neutralization within a single
molecule have therefore emerged as a rapidly developing therapeutic strategy in NSCLC. Ivonescimab,
a PD-1/VEGTF bispecific antibody, currently has the most mature evidence, with randomized phase
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III trials demonstrating improvements in progression-free survival and, in selected settings, over-
all survival compared with established PD-1-based regimens. Other PD-1/VEGF agents, including
PF-08634404, MK-2010, and JS207, have shown encouraging early activity but require randomized
validation. Among PD-L1/VEGF bispecific antibodies, pumitamig, HB0025, and IMM2510 have
demonstrated promising antitumor activity, although evidence is derived predominantly from early-
phase or single-arm studies. Multiple phase III trials are evaluating these agents in first-line,
post-immunotherapy, epidermal growth factor receptor (EGFR)-mutated, and stage III consoli-
dation settings. VEGF-associated toxicities, including hypertension, proteinuria, hemorrhage, and
thromboembolism, remain clinically relevant. Moreover, differences in checkpoint target, molecular
architecture, target affinity, fragment crystallizable (Fc) engineering, pharmacokinetics, and VEGF-
binding strategy preclude the assumption of a uniform class effect. The fixed bispecific configuration
also prevents independent dose adjustment of the checkpoint and antiangiogenic components, which
may complicate toxicity management. Mature randomized survival data, longer-term safety assess-
ments, and biomarker development are needed to define optimal patient selection and the clinical role
of PD-(L)1/VEGF bispecific antibodies in NSCLC.

Keywords: Non-small cell lung cancer, bispecific antibody, PD-1, PD-L1, vascular endothelial growth
factor, immunotherapy

Introduction

Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers and remains
a major global health challenge. In 2022, Iung cancer accounted for an estimated 2.5 million new
cases and 1.8 million deaths worldwide, corresponding to more than 2 million incident NSCLC
cases globally.!2> Despite advances in screening, diagnostic imaging, molecular profiling, surgery,
radiotherapy, and systemic treatment, many patients are diagnosed with locally advanced or metastatic
disease, for which long-term survival remains limited. NSCLC also imposes a substantial economic
burden on patients, caregivers, and healthcare systems. This burden reflects not only the costs of
systemic therapy, diagnostic testing, hospitalization, supportive care, and management of treatment-
related adverse events, but also productivity loss and caregiver requirements. Available economic
studies consistently indicate that healthcare resource utilization and direct medical costs increase with
advancing stage and disease progression, underscoring the clinical and societal importance of durable
disease control.>*

The introduction of programmed cell death protein 1 (PD-1) and programmed death-ligand
1 (PD-L1) inhibitors has transformed the treatment landscape of advanced NSCLC. In patients
with metastatic NSCLC and tumors with high PD-L1 expression, first-line immune checkpoint
inhibitor monotherapy can produce a durable survival benefit. In the phase IIl KEYNOTE-024 trial,
pembrolizumab monotherapy increased the 5-year overall survival (OS) rate to 31.9%, compared with
16.3% with platinum-based chemotherapy, in patients with a PD-L1 tumor proportion score of at least
50%.> Similarly, in the phase ITI IMpower110 trial, atezolizumab monotherapy improved median OS
to 20.2 months versus 13.1 months with chemotherapy among patients with high PD-L1 expression
and epidermal growth factor receptor (EGFR )/anaplastic lymphoma kinase (ALK) wild-type NSCLC
(hazard ratio [HR], 0.59; 95% confidence interval [CI], 0.40-0.89).°

For patients with advanced NSCLC irrespective of PD-L1 expression, the addition of PD-1
blockade to platinum-based chemotherapy has also produced substantial and durable improvements in
clinical outcomes. In KEYNOTE-189, pembrolizumab plus pemetrexed and platinum chemotherapy
improved median OS from 10.6 to 22.0 months in metastatic nonsquamous NSCLC (HR, 0.60;
95% CI, 0.50-0.72), with 5-year OS rates of 19.4% and 11.3%, respectively.” In metastatic squamous
NSCLC, KEYNOTE-407 showed a median OS of 17.2 months with pembrolizumab plus carboplatin
and taxane chemotherapy, compared with 11.6 months with chemotherapy alone (HR, 0.71; 95%
CI, 0.59-0.85); corresponding 5-year OS rates were 18.4% and 9.7%.% Collectively, these results
establish PD-(L)1 inhibition as a cornerstone of first-line therapy for advanced NSCLC. However,
most patients eventually develop primary or acquired resistance, partly because increased VEGF
expression and neoangiogenesis promote an immunosuppressive tumor microenvironment; bispecific
antibodies targeting both immune checkpoints and VEGF may help overcome these mechanisms.’
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Vascular endothelial growth factor (VEGF)-directed therapy is an established component of treat-
ment for selected patients with advanced nonsquamous NSCLC. In the phase III Eastern Cooperative
Oncology Group (ECOG) 4599 trial, adding bevacizumab to carboplatin plus paclitaxel improved
the objective response rate (ORR) (35% vs 15%), median progression-free survival (PFS) (6.2 vs 4.5
months; HR, 0.66; P < 0.001), and median OS (12.3 vs 10.3 months; HR, 0.79; P = 0.003), establishing
a survival benefit for antiangiogenic therapy in an appropriately selected population.!? More recently,
in the final analysis of the phase III IMpower150 study, atezolizumab plus bevacizumab, carboplatin,
and paclitaxel improved median OS (19.5 vs 14.7 months; HR, 0.80; 95% CI, 0.67-0.95) and
median PFS (8.4 vs 6.8 months; HR, 0.57; 95% CI, 0.48-0.67) versus bevacizumab plus carboplatin
and paclitaxel in chemotherapy-naive patients with EGFR/ALK wild-type metastatic nonsquamous
NSCLC.!! These data establish the clinical value of VEGF inhibition and support integrated immune-
angiogenic treatment strategies. However, because bevacizumab was included in both comparison
groups, IMpowerl150 did not isolate the incremental contribution of VEGF inhibition; rather, it
demonstrated the efficacy of the PD-L1/VEGF/chemotherapy strategy.

Biological and Pharmacological Rationale

The relationship between angiogenesis and immune evasion constitutes an integrated tumor—vascular—
immune axis rather than two independent oncogenic processes. VEGF-driven formation of immature,
hyperpermeable, and poorly perfused vessels increases interstitial pressure, hypoxia, and hetero-
geneous drug distribution, creating physical and physiological barriers to lymphocyte recruitment
and tumor penetration (Fig. 1). VEGF also promotes endothelial anergy by suppressing adhesion
molecules such as intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule
1 (VCAM-1), thereby limiting leukocyte adhesion and extravasation. In parallel, VEGF impairs
dendritic cell maturation, promotes regulatory T-cell and myeloid-derived suppressor cell activity, and
contributes to T-cell dysfunction.!>!3

Inhibition of the VEGF-vascular endothelial growth factor receptor (VEGFR) axis can induce
a transient vascular-normalization window characterized by improved perfusion, reduced vascular
permeability, and enhanced immune cell trafficking. It may also reverse endothelial anergy and
restore adhesion molecule expression. Preclinical studies have shown that combined vascular
endothelial growth factor receptor 2 (VEGFR2) and PD-L1 blockade can induce high endothelial
venule-like structures and increase cytotoxic lymphocyte infiltration, although this effect is tumor
context-dependent.!* These observations provide a biological rationale for simultaneously targeting
VEGF-mediated vascular immunosuppression and the PD-1/PD-L1 immune checkpoint axis.

PD-1xVEGF and PD-L1xVEGEF bispecific antibodies integrate these complementary activities
within a single molecule but may differ in their spatial and functional behavior. PD-1-directed
constructs bind predominantly to PD-1-expressing activated or exhausted immune cells, potentially
coupling VEGF neutralization to sites of ongoing antitumor immune activity. Preclinical studies of
ivonescimab and JS207 have demonstrated cooperative target engagement, whereby VEGF binding
enhances PD-1 binding and checkpoint-blocking activity; VEGF also enhances PD-1 internalization
and T-cell activation with JS207.%15 In contrast, PD-L1-directed constructs can bind PD-L1 expressed
by tumor cells, antigen-presenting cells, and other cells within the tumor microenvironment, potentially
increasing local retention of the VEGF-neutralizing component. Preclinical studies of HB0025 and
IMM2510 support simultaneous checkpoint and VEGF blockade, and IMM2510 has additionally
demonstrated cooperative binding and fragment crystallizable (Fc)-mediated effector functions.'%!7
These properties are construct-specific, and whether either targeting strategy produces clinically
meaningful tumor-selective VEGF inhibition or reduces systemic antiangiogenic toxicity remains
unproven.
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Mechanistic Rationale for PD-(L)1/VEGF Bispecific Antibodies in NSCLC
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Figure 1. Mechanistic rationale for PD-(L)1/VEGF bispecific antibodies in non-small cell lung
cancer.

Bispecific delivery also introduces important pharmacological constraints. The two functional
components have a fixed molecular configuration and shared pharmacokinetic profile, thereby
preventing the independent dose optimization possible with separately administered agents. More-
over, differences in checkpoint target (PD-1 versus PD-L1), molecular format, valency, target
affinity, epitope specificity, Fc engineering, VEGF-binding strategy, and cooperative binding may
influence target engagement, pharmacodynamic activity, tissue distribution, and ultimately efficacy
and safety.18 Some constructs are Fc-silent, whereas others retain or enhance Fc-mediated effector



Journal of Clinical Question. 2026; 3(4): €371 Page 5 of 18

activity, further limiting assumptions of a uniform class effect. Accordingly, PD-1xVEGF and
PD-L1x VEGF bispecific antibodies should be considered related but pharmacologically distinct
therapeutic strategies, and individual agents should be evaluated as separate molecular entities rather
than interchangeable members of a single class.

Clinical Evidence for PD-1/VEGF Bispecific Antibodies

The clinical evidence for PD-1/VEGF bispecific antibodies in NSCLC is more advanced than that
for PD-L1/VEGF-directed agents, largely because ivonescimab has demonstrated efficacy in multiple
randomized phase I1I trials. However, none of these bispecific antibodies has been approved by either
the US Food and Drug Administration or the European Medicines Agency; ivonescimab is approved
in China, including in combination with chemotherapy for first-line advanced squamous NSCLC since
August 2026, supporting the feasibility of PD-1/VEGF blockade in this histology and strengthening
its domestic market position. 19 Other agents, including PF-08634404, MK-2010, and JS207, remain in
earlier stages of clinical development and are supported primarily by single-arm studies or preliminary
conference data. Table 1 summarizes the available clinical findings. As these studies differ substantially
in patient populations, histology, treatment setting, therapeutic backbone, follow-up duration, and
response assessment, cross-trial comparisons should be interpreted cautiously.

Table 1. Updated clinical data for PD-1/VEGF bispecific antibodies in non-small cell lung cancer

Agent Clinical Regimen and Key efficacy Safety/evidence
setting/study sample size status

Ivonescimab 1L advanced 20 mg/kg Q3W HARMON:I-2: mPFS 11.1 Randomized phase
NSCLGC,; =+ chemotherapy; vs 5.8 mo (HR, 0.51) vs III evidence; grade
HARMON:I-2 and HARMON:I-6, pembrolizumab; >3 TRAEs 69% vs
HARMONI-6 n=>532 HARMON:I-6: mPFS 11.1 59% in

vs 6.9 mo (HR, 0.60), mOS HARMONIi-6
27.9 vs 23.7 mo (HR, 0.66)

PF-08634404 1L PD-L1-positive 10 mg/kg Q3W;  ORR 67.6%; mPFS 12.4  Grade >3 TRAE:s:

advanced NSCLC; n=34 mo; mDoR NR 42.2% overall;
phase II, single-arm
NCT06361927
MK-2010 Advanced NSCLC; 20 or 30 mg/kg 1L ORR 55% (6/11) and ~ Responses
phase I/11, Q3W 44% (4/9), respectively unconfirmed; small
NCT06650566 early-phase cohorts
RC148 1L or previously ~ Monotherapy or 1L ORR 57.1%; post-10 + Preliminary
1O-treated + docetaxel docetaxel ORR 66.7%, conference-level
advanced NSCLC; mPFS 8.3 mo evidence
phase I/I1
JS207 1L PD-L1-positive Monotherapy; ORR 58.1%; DCR 87.1%  Preliminary; mature
advanced NSCLC; n=62 DoR/PFS/OS
early phase unavailable

Note: Abbreviations: 1L, first-line; DCR, disease control rate; DoR, duration of response; HR, hazard ratio; 10,
immunotherapy; mDoR, median duration of response; mOS, median overall survival; mPFS, median progression-
free survival; NR, not reached; NSCLC, non-small cell lung cancer; ORR, objective response rate; PD-1,
programmed cell death protein 1; PD-L1, programmed death-ligand 1; Q3W, every 3 weeks; TRAE, treatment-
related adverse event; VEGF, vascular endothelial growth factor.

Ivonescimab

Ivonescimab (AK112; SMT112) is a tetravalent bispecific antibody targeting PD-1 and VEGF-A and
currently has the most mature clinical evidence in this class. In the randomized, double-blind phase
IIT HARMONI-2 trial, 398 patients with previously untreated, PD-L1-positive advanced NSCLC
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without sensitizing EGFR or ALK alterations received ivonescimab 20 mg/kg or pembrolizumab
every 3 weeks.20 Ivonescimab significantly prolonged median PFS compared with pembrolizumab
(11.1 vs 5.8 months; HR, 0.51; 95% CI, 0.38-0.69), with consistent benefit across PD-L1 expression
and histologic subgroups. Grade >3 treatment-related adverse events (TRAEs) occurred in 29% and
16% of patients, respectively, while grade >3 immune-related adverse events were similar between
groups.

The phase IIT HARMONI-6 trial further evaluated ivonescimab plus carboplatin and paclitaxel
versus tislelizumab plus the same chemotherapy in 532 patients with previously untreated advanced
squamous NSCLC. Median PFS was 11.1 versus 6.9 months (HR, 0.60; 95% CI, 0.46-0.78). At
a median follow-up of 21.4 months, median OS was 27.9 versus 23.7 months (HR, 0.66; 95% CI,
0.50-0.87), demonstrating a significant survival benefit. Grade >3 TRAEs occurred in 69% versus
59%, and grade >3 hemorrhage occurred in 3% versus 1%, respectively.”!

Ivonescimab has also demonstrated efficacy after targeted therapy. In the phase Il HARMONi-A
trial of 322 patients with EGFR-mutated nonsquamous NSCLC after EGFR tyrosine kinase inhibitor
(TKI) failure, ivonescimab plus carboplatin and pemetrexed improved median PFS compared with
chemotherapy alone (7.1 vs 4.8 months; HR, 0.46) and subsequently improved median OS (16.8 vs 14.1
months; HR, 0.74; 95% CI, 0.58-0.95).22:23 Collectively, these randomized data provide the strongest
clinical validation of simultaneous PD-1 and VEGF blockade in NSCLC. Nevertheless, most phase
III evidence has been generated in China, and ongoing multiregional studies are needed to establish
the generalizability of these benefits and further characterize VEGF-associated toxicity.

PF-08634404

PF-08634404 (SSGJ-707) is a tetravalent PD-1/VEGF bispecific antibody evaluated as first-line
monotherapy in a phase II study of patients with PD-L1-positive advanced NSCLC. At the selected
phase IIT dose of 10 mg/kg every 3 weeks (n = 34), the confirmed ORR was 67.6%, with a median
PFS of 12.4 months; median duration of response (DoR) was not reached after a median follow-up of
15.2 months. Responses were observed across histologic and PD-L1 subgroups, with ORRs of 63.6% in
nonsquamous and 75.0% in squamous NSCLC. Across all treated patients (n = 83), grade >3 TRAEs
occurred in 42.2%; at the 10-mg/kg dose, treatment-related discontinuation occurred in 2.9%, with no
grade 5 TRAEs. >

These results suggest durable antitumor activity with single-agent PF-08634404, including in tumors
with lower PD-L1 expression. However, the absence of a randomized comparator limits conclusions
regarding superiority over established PD-1-based therapy. The ongoing phase III Symbiotic-Lung-01
trial will therefore be important for determining whether PF-08634404 combined with chemotherapy
improves clinical outcomes compared with pembrolizumab-based chemoimmunotherapy.

MK-2010

MK-2010 (LM-299) is a PD-1/VEGF bispecific antibody currently being evaluated in a phase I/I1
first-in-human study. Among 112 treated patients, 72 were enrolled in an NSCLC expansion cohort
evaluating doses of 20 or 30 mg/kg every 3 weeks. In previously untreated patients, the unconfirmed
ORR was 55% (6/11) at 20 mg/kg and 44% (4/9) at 30 mg/kg. Among previously treated patients,
corresponding ORRs were 18% and 22%. Grade >3 TRAEs occurred in 17% and 27% of patients in the
20- and 30-mg/kg cohorts, respectively, with no treatment-related deaths. VEGF-associated toxicities
included hypertension, bleeding, and proteinuria.?

Although these findings provide an early signal of activity in both treatment-naive and previously
treated NSCLC, including immunotherapy-refractory disease, the efficacy estimates are based on small
cohorts and unconfirmed responses, with limited follow-up. Dose selection and comparative efficacy
therefore remain to be established in larger prospective studies.

JS207

JS207 is a recombinant humanized PD-1/VEGF bispecific antibody undergoing clinical development
across several solid tumors. In preliminary data presented at the European Society for Medical
Oncology (ESMO) Asia 2025 meeting, 62 patients with PD-L1-positive NSCLC received JS207
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monotherapy as first-line treatment, resulting in an ORR of 58.1% and a disease control rate (DCR)
of 87.1%.15 Mature data regarding DoR, PFS, OS, and detailed treatment-related toxicity have not
yet been reported.

The observed response rate supports further evaluation of JS207, but the current evidence remains
substantially less mature than that for ivonescimab and PF-08634404. Larger studies with longer
follow-up and randomized comparisons will be necessary to determine the durability of benefit and
the relative contribution of dual PD-1/VEGF blockade.

Clinical Evidence for PD-L1/VEGF Bispecific Antibodies

The clinical evidence for PD-L1/VEGF bispecific antibodies in NSCLC remains immature and is
based largely on early-phase, nonrandomized studies, conference abstracts, and sponsor updates.
Table 2 summarizes the available findings for HB0025, PM8002/BNT327 (pumitamig), IMM2510,
B1962/AP505, and CVL006. Interpretation requires caution because these studies encompass biologi-
cally and clinically distinct populations, histologic subtypes, treatment settings, therapeutic backbones,
sample sizes, follow-up durations, and response-assessment procedures. Accordingly, the reported
response rates should be viewed as preliminary signals of activity rather than evidence of comparative
efficacy across agents.

Table 2. Updated clinical data for PD-L1/VEGF bispecific antibodies in non-small cell lung
cancer

Agent Clinical setting/study Regimen and Key efficacy Safety/evidence status
sample size
Sotiburafusp Previously untreated 20 mg/kg Q3W + ORR 84.5% in Grade >3
alfa advanced NSCLC; histology-specific squamous and 65.6% VEGF-related AEs
phase Ib/I1, platinum in nonsquamous; included proteinuria
NCT06758557 chemotherapy; median PFS 12.62  8.8% and hypertension
n=125 and 14.65 mo, 6.4%; treatment-related
respectively death 1.6%. Single-arm
Palverafusp Previously 20 mg/kg Q2W;  ORR 27.3%; DCR Grade >3 TRAEs
alfa immunotherapy- 32 treated, 22 81.8%; median DoR  37.5%; no treatment-
treated squamous  efficacy-evaluable 11.1 mo; median related deaths. Small,
NSCLC; phase I, PFS 9.4 mo nonrandomized cohort
NCT05972460
Pumitamig EGFR-mutated 30 mg/kg Q3W 4+ ORR 60.9%; Grade >3 TRAEs
nonsquamous carboplatin/ confirmed ORR 60.9%; one
NSCLC after pemetrexed; 57.8%; DCR 95.3%  treatment-related
EGFR-TKI failure; n =64 death. Single-arm;
phase 11, updated ESMO 2024
NCT05756972 analysis; mature
PFS/OS unavailable
Pumitamig Previously untreated Pumitamig + ORR 57.1% in Grade >3 TRAEs

advanced histology-specific
NSCLC; phase I chemotherapy; 40
dose optimization of response-
ROSETTA Lung-02 evaluable

nonsquamous and
68.4% in squamous;
DCR 100%

48.8%,; discontinuation
9.3%. Median
follow-up 9.0 mo;
PFS/OS immature

Note: AE, adverse event; DCR, disease control rate; DoR, duration of response; EGFR, epidermal growth
factor receptor; irAE, immune-related adverse event; mo, months; MTD, maximum tolerated dose; NSCLC,
non-small cell lung cancer; ORR, objective response rate; OS, overall survival; PD-1, programmed cell death
protein 1; PD-L1, programmed death-ligand 1; PFS, progression-free survival; Q2W, every 2 weeks; Q3W, every
3 weeks; RP2D, recommended phase 2 dose; TKI, tyrosine kinase inhibitor; TRAE, treatment-related adverse
event; VEGF, vascular endothelial growth factor.
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HBO0025

HBO0025 (sotiburafusp alfa) is an anti-PD-L1 monoclonal antibody fused to a vascular endothelial
growth factor receptor 1 (VEGFR1)-derived VEGF-trap domain. In an updated phase Ib/II study,
HBO0025 (20 mg/kg every 3 weeks) was combined with histology-specific platinum chemotherapy in
first-line NSCLC.2 At the data cutoff of January 5, 2026, 125 patients had been enrolled (62 squamous
and 63 nonsquamous), with 119 evaluable for response.2> The ORR was 84.5% in squamous and 65.6%
in nonsquamous NSCLC, with median PFS values of 12.62 and 14.65 months, respectively; median
DoR in the nonsquamous cohort was 12.06 months, while OS remained immature after 10.55 months
of follow-up.2> Grade >3 VEGF-associated adverse events included proteinuria (8.8%), hypertension
(6.4%), hemorrhage (4.0%), and thromboembolism (4.0%). Treatment-related discontinuation and
death occurred in 4.8% and 1.6% of patients, respectively.>

These updated data provide more robust estimates of response durability and progression-free
survival. However, the single-arm design precludes assessment of HB0025’s incremental benefit
over standard histology-specific chemoimmunotherapy. Despite the high response rate in squamous
NSCLC, grade >3 VEGF-related toxicities, including proteinuria, hypertension, hemorrhage, and
thromboembolism, indicate persistent systemic antiangiogenic risk. Randomized trials with mature
survival and safety data are needed, particularly in patients at increased risk of pulmonary
hemorrhage.6-27

IMM2510

IMM2510 (palverafusp alfa; AXN-2510) is a PD-L1/VEGF bispecific fusion protein evaluated as
monotherapy in a phase I dose-escalation and expansion study.?® In the updated cohort of patients
with advanced squamous NSCLC previously treated with immunotherapy, 32 patients received
therapy and 22 were evaluable for efficacy. The ORR was 27.3% (6/22), the DCR was 81.8% (18/22),
and the median duration of response was 11.1 months. After a median follow-up of 8.3 months, median
PFS was 9.4 months, whereas median OS had not been reached. Grade >3 treatment-emergent and
treatment-related adverse events occurred in 53.1% and 37.5% of patients, respectively. Treatment-
related toxicity led to discontinuation in 3.1%, and no treatment-related deaths were reported.29 These
findings provide more mature survival and safety data, although interpretation remains limited by the
small efficacy-evaluable cohort, heterogeneity in prior therapy and dose exposure, and absence of a
comparator.

Pumitamig (PM8002/BNT327)

PM8002, subsequently developed as BNT327 and now designated pumitamig (BMS-986545), is a
bispecific antibody targeting PD-L1 and VEGF-A. In a phase II study of 64 patients with EGFR-
mutated nonsquamous NSCLC after EGFR-TKI failure, pumitamig was combined with carboplatin
and pemetrexed. At the initial data cutoff of April 12, 2024, the ORR was 54.7% and the DCR was
95.3%.39 With longer follow-up through July 24, 2024, the investigator-assessed ORR increased to
60.9%, with a confirmed ORR of 57.8% and a DCR of 95.3%.18 Grade >3 treatment-related AEs
occurrsfi in 60.9% of patients, with treatment discontinuation in 14.1% and one treatment-related
death.-

Pumitamig has entered first-line development in the randomized phase II dose-optimization
component of the global phase II/IIl ROSETTA Lung-02 study.’> Among 40 response-evaluable
patients with advanced NSCLC without actionable genomic alterations, confirmed ORRs were 57.1%
in nonsquamous and 68.4% in squamous disease, with a DCR of 100% in both cohorts; at the
lower dose, ORRs were 63.6% and 72.7%, respectively. Based on dose optimization, 1500 mg every
3 weeks was selected for phase III evaluation. After a median follow-up of 9.0 months, PFS and
OS remained immature. Grade >3 treatment-related adverse events occurred in 48.8% of patients,
including pumitamig-related grade >3 events in 23.3%; immune-related adverse events occurred in
37.2% (grade >3, 4.7%), bleeding events in 20.9%, and treatment discontinuation in 9.3%.

The first-line findings support continued clinical development but are derived from a small interim
cohort and cannot establish a benefit over standard chemoimmunotherapy. The randomized phase
IIT comparison with pembrolizumab plus histology-specific chemotherapy is therefore essential to
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determine whether pumitamig improves progression-free survival, overall survival, response durability,
and patient-reported outcomes without a clinically unacceptable increase in toxicity.

Ongoing Clinical Development for PD-1/VEGF Bispecific Antibodies

Clinical development of PD-1/VEGF bispecific antibodies in NSCLC has progressed rapidly from
early-phase monotherapy studies to large randomized phase III trials across first-line and post-
immunotherapy settings. Ivonescimab currently has the most extensive registrational program, while
PF-08634404 has also entered global phase III development. Key ongoing studies are summarized in
Table 3.

Table 3. Ongoing clinical development of PD-1/VEGF bispecific antibodies in NSCLC

Agent Trial Phase Population setting Treatment
Ivonescimab  NCT05899608, I11 1L metastatic NSCLC; Recruiting
HARMON:I-3 ivonescimab + chemotherapy vs
pembrolizumab +
chemotherapy
Ivonescimab ~ NCT06767514, 111 1L PD-L1-high metastatic Recruiting
HARMON;I-7 NSCLC; ivonescimab vs
pembrolizumab
Ivonescimab ~ NCT06928389, 111 Post-PD-(L)1 NSCLC; Recruiting
HARMON:I-8A ivonescimab + docetaxel vs
placebo + docetaxel
PF-08634404 NCT07222566, I11 1L advanced NSCLC; Recruiting
Symbiotic- PF-08634404 4 chemotherapy
Lung-01, vs pembrolizumab +
chemotherapy
MK-2010 NCT06650566 /11 Advanced solid tumors Recruiting
/NSCLC; dose expansion
RC148 NCT06883630 Ib Advanced NSCLC; Active, not recruiting
monotherapy or chemotherapy
combinations
JS207 NCT06924606 11 NSCLC after platinum + Recruiting
immunotherapy;
JS207 + docetaxel/JS004
MHBO039A NCT07126665 /I Advanced solid tumors; Recruiting
combination development
CR-001 NCT07335497, I/11 Advanced solid tumors; dose Recruiting
ASCEND escalation/optimization
CTX-10726 NCT07419841 I Advanced solid tumors; Recruiting
monotherapy

Note: 1L, first-line; NSCLC, non-small cell lung cancer; PD-1, programmed cell death protein 1; PD-LI,
programmed death-ligand 1; PD-(L)1, programmed cell death protein 1 or programmed death-ligand 1; VEGF,
vascular endothelial growth factor.

Ivonescimab

Ivonescimab has the most advanced clinical development program among PD-1/VEGF bispecific
antibodies. The global phase III HARMONI-3 study (NCT05899608) is comparing ivonescimab
plus platinum-doublet chemotherapy with pembrolizumab plus chemotherapy as first-line treatment
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for metastatic squamous and nonsquamous NSCLC. The trial has an estimated enrollment of
approximately 1,600 patients and remains recruiting.

Development has also expanded into biomarker-selected and previously treated populations.
HARMON:I-7 (NCT06767514) is a randomized phase 111 study comparing ivonescimab monotherapy
with pembrolizumab in approximately 780 patients with previously untreated metastatic NSCLC
and high PD-L1 expression; the study remains recruiting.?* In the post-immunotherapy setting,
HARMON:I-8A (NCT06928389) is a randomized phase I11 trial evaluating ivonescimab plus docetaxel
versus placebo plus docetaxel in approximately 536 patients with locally advanced or metastatic
NSCLC progressing on or after PD-(L)1 inhibitor-based therapy. The study remains recruiting.>>
Collectively, these trials will determine whether the benefits observed with ivonescimab in Chinese
phase III studies can be reproduced across broader international populations and distinct treatment
settings.

PF-08634404

Following encouraging phase II monotherapy activity, PF-08634404 (SSGJ-707) has entered global
registrational development. The phase III Symbiotic-Lung-01 study (NCT07222566) is evaluating
PF-08634404 plus histology-specific chemotherapy versus pembrolizumab plus chemotherapy in
approximately 1,410 patients with previously untreated locally advanced or metastatic squamous or
nonsquamous NSCLC without actionable genomic alterations. Overall survival and blinded indepen-
dent central review-assessed progression-free survival are the co-primary endpoints.>® The study began
enrollment in January 2026 and remains recruiting. This randomized comparison will be critical in
determining whether the promising response and PFS signals observed with PF-08634404 translate
into clinically meaningful benefit over established pembrolizumab-based chemoimmunotherapy.

MK-2010

MK-2010 (LM-299) remains in early clinical development. The phase I/II trial NCT06650566 is
evaluating MK-2010 in advanced solid tumors through dose-escalation and dose-expansion cohorts,
including an NSCLC-specific randomized backfill cohort evaluating doses of 20 and 30 mg/kg every
3 weeks.?> Further prospective studies are needed to determine the optimal dose and characterize the
durability of response, survival outcomes, safety, and comparative efficacy of MK-2010 in NSCLC.

JS207

Following preliminary first-line activity in PD-L1-positive NSCLC, JS207 is being further evaluated
in previously treated disease. The randomized phase II study NCT06924606 is evaluating JS207 alone
or in combination with docetaxel or JS004 in patients with advanced NSCLC progressing during
or after platinum-based chemotherapy and PD-(L)1 inhibitor therapy.3” The study has an estimated
enrollment of 66 patients and remains listed as recruiting in the latest ClinicalTrials.gov record. This
study will help determine whether dual PD-1/VEGF blockade can restore antitumor activity after
resistance to conventional chemoimmunotherapy.

Ivonescimab and PF-08634404 have therefore progressed furthest into randomized phase III
development, whereas MK-2010 and JS207 remain in earlier phase I/Il or phase II evaluation.
Additional PD-1/VEGF constructs, including MHB039A, CR-001/SKB118, and CTX-10726, have
entered early-phase solid-tumor development, but NSCLC-specific efficacy or registrational programs
remain limited or have not yet been established. Mature randomized data on overall survival, response
durability, safety, quality of life, and predictive biomarkers will ultimately be required to determine
whether the clinical benefits observed with ivonescimab represent a broader class effect or are specific
to individual molecular constructs.

Ongoing Clinical Development for PD-L1/VEGF Bispecific Antibodies

Clinical development of PD-L1/VEGF bispecific antibodies in NSCLC now spans multiple treatment
settings, from first-line advanced disease to post-chemoimmunotherapy treatment and stage III
consolidation. Key ongoing and recently active studies are summarized in Table 4.
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Table 4. Ongoing clinical development of PD-L1/VEGF bispecific antibodies in NSCLC

Agent Trial Phase Population setting Treatment Status
B1962/AP505 NCT06724263 Ila Advanced solid tumors, B1962 monotherapy Not yet
/CTR20244112 including a recruiting
nonsquamous NSCLC
cohort after standard
therapy
CVL006 (B006) NCT07157956 /11 Advanced solid tumors CVLO006 + Recruiting
with NSCLC-specific ~ chemotherapy or
combination cohorts ~ ADC-based
combinations
Sotiburafusp alfa NCT07383116  1III Previously untreated ~ HB0025 + Not yet
unresectable locally pemetrexed + recruiting
advanced or metastatic carboplatin/
nonsquamous NSCLC cisplatin vs
tislelizumab +
pemetrexed +
carboplatin/
cisplatin
NCT07360132 11 First-line advanced HB0025 + Not yet
squamous NSCLC paclitaxel/platinum recruiting
vs pembrolizumab +
paclitaxel/
platinum
Palverafusp alfa ~ NCT06746870 I Previously untreated IMM2510 + Not yet
NSCLC, including chemotherapy recruiting
squamous and
nonsquamous cohorts;
additional TNBC
cohort
Pumitamig NCT06712316,  1I/1II Previously untreated ~ Pumitamig + Recruiting
ROSETTA advanced NSCLC chemotherapy vs
Lung-02 pembrolizumab +
chemotherapy
NCT06841055, 11 Advanced or metastatic Pumitamig + Recruiting
BNT327-07 NSCLC after first-line docetaxel
chemoimmunotherapy
NCT07361497, 111 Unresectable stage [II  Pumitamig vs Recruiting
ROSETTA NSCLC without durvalumab
Lung-201 progression after
concurrent
chemoradiotherapy
NCTO07361510, 1III Previously untreated Pumitamig vs Recruiting
ROSETTA advanced NSCLC with pembrolizumab
Lung-202 PD-L1 TPS >50%

Note: ADC, antibody—drug conjugate; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1;
TNBC, triple-negative breast cancer; TPS, tumor proportion score; VEGF, vascular endothelial growth factor.

B1962/AP505

B1962 and AP505 represent the same PD-L1/VEGF bispecific development program. Phase I devel-
opment included AP505-101 (NCT06723964) in advanced solid tumors, which, according to sponsor
information, has been completed.3® Current development is focused on the phase Ila TSL-B1962-02
study (NCT06724263), which includes a nonsquamous NSCLC cohort. Although the ClinicalTrials.
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gov record remains listed as not yet recruiting and was last updated in December 2024, AP Biosciences
reported in March 2026 that AP505/B1962 was undergoing phase II evaluation by Tasly.>® No
NSCLC-specific efficacy or safety results have yet been reported.

CVL006

CVLO006 is a PD-L1/VEGF bispecific antibody being developed as monotherapy and in combination
regimens. In a phase [ study (NCT06621615), 29 patients with advanced solid tumors received CVL006
at 0.03-20 mg/kg every 2 weeks. Among 18 efficacy-evaluable patients, 2 of 9 treated at 20 mg/kg
achieved partial responses and 4 achieved stable disease, corresponding to an ORR of 22.2% and a
DCR of 66.7%. The maximum tolerated dose was not reached, and 20 mg/kg was selected as the
recommended phase 2 dose.** A separate phase I/II combination study (NCT07157956) has also
reported preliminary safety and antitumor activity with chemotherapy or antibody—drug conjugates.*!
However, neither study has reported NSCLC-specific efficacy, survival, or safety outcomes; therefore,
the clinical activity of CVL006 in NSCLC remains undefined.

HBO0025

HBO0025 (sotiburafusp alfa) is being developed in combination with histology-specific platinum
chemotherapy for previously untreated advanced NSCLC. Updated results from the phase II study
NCT06758557 are summarized in Table 2. Two randomized phase III trials have subsequently been
registered. NCT07360132 compares HB0025 plus paclitaxel/carboplatin with pembrolizumab plus
the same chemotherapy backbone in first-line advanced squamous NSCLC, whereas NCT07383116
compares HB0025 plus pemetrexed/platinum with tislelizumab plus the same chemotherapy in first-
line advanced nonsquamous NSCLC.*>*3 Both studies remained listed as not yet recruiting at their
latest registry updates.

IMM2510

A separate phase II study (NCT06746870) is evaluating IMM2510 plus histology-specific platinum
chemotherapy as first-line treatment for squamous and nonsquamous NSCLC, extending devel-
opment into an earlier treatment setting.** The study remains listed as not yet recruiting in the
latest ClinicalTrials.gov record. Further randomized studies will be needed to determine whether the
preliminary activity observed with IMM2510 translates into a clinically meaningful benefit in first-line
NSCLC.

Pumitamig (BNT327/PM8002; BMS-986545)

Pumitamig has the most advanced NSCLC development program in this class. The phase II study
NCT05756972 evaluated pumitamig plus carboplatin/pemetrexed after EGFR-TKI failure, while the
global phase II/IIl ROSETTA Lung-02 study (NCT06712316) is evaluating pumitamig plus histology-
specific platinum chemotherapy versus pembrolizumab plus the same chemotherapy backbone in
previously untreated advanced squamous or nonsquamous NSCLC.** Development has expanded
into additional settings. The phase IT BNT327-07 study (NCT06841055) evaluates pumitamig plus
docetaxel in stage IV NSCLC after progression on first-line platinum-based chemoimmunotherapy.*®
ROSETTA Lung-201 (NCT07361497) compares pumitamig with durvalumab as consolidation ther-
apy after concurrent platinum-based chemoradiotherapy for unresectable stage I1I NSCLC, whereas
ROSETTA Lung-202 (NCT07361510) compares pumitamig monotherapy with pembrolizumab in
previously untreated locally advanced or metastatic NSCLC with PD-L1 tumor proportion score
(TPS) >50%.47:48

Pumitamig has progressed furthest into randomized registrational development, with multiple
phase III NSCLC trials underway. HB0025 has also entered registrational development, with two
phase III studies registered for first-line squamous and nonsquamous NSCLC, although neither
is yet recruiting. B1962/AP505, CVL006, and IMM?2510 remain in earlier phase I/Il or phase II
development. Mature randomized data on survival, response durability, toxicity, quality of life, and
predictive biomarkers will be required to define the clinical role of each construct.
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Potential Clinical Positioning

First-Line Oncogene-Negative NSCLC

In previously untreated oncogene-negative NSCLC, the key question is whether PD-(L)1/VEGF
bispecific therapy can improve outcomes over established PD-(L)1-based treatments without excessive
toxicity. This is being tested in randomized trials such as ROSETTA Lung-02 and ROSETTA
Lung-202, making progression-free and overall survival, durability, safety, and quality of life more
informative than response rate alone.

Ivonescimab provides proof of concept for combined checkpoint and VEGF blockade, although
it targets PD-1 rather than PD-L1. In HARMON:i-2, ivonescimab improved median progression-
free survival versus pembrolizumab (11.1 vs 5.8 months; HR, 0.51),20 while HARMON!I-6 showed
an OS benefit with ivonescimab plus chemotherapy versus tislelizumab plus chemotherapy (27.9 vs
23.7 months; HR, 0.66).2 However, these results should not be directly extrapolated to PD-L1/VEGF
constructs because differences in checkpoint target, Fc function, and VEGF-binding architecture may
affect efficacy and toxicity.

Stage Il Consolidation

PD-L1/VEGF blockade is also entering the unresectable stage III setting. ROSETTA Lung-201
(NCTO07361497) directly compares pumitamig with durvalumab as consolidation therapy after
platinum-based concurrent chemoradiotherapy. This study will determine whether integrated VEGF-
A and PD-L1 blockade can improve disease control over the current checkpoint-inhibitor standard
without compromising long-term tolerability in a potentially curative setting.

Treatment after Prior Inmunotherapy

Post-immunotherapy NSCLC represents another emerging setting for clinical development. Prelim-
inary IMM2510 activity provides an early signal in immunotherapy-pretreated squamous NSCLC,
while the phase II BNT327-07 study (NCT06841055) is prospectively evaluating pumitamig plus
docetaxel after progression on first-line platinum-based chemoimmunotherapy. Future studies should
distinguish primary from acquired checkpoint inhibitor resistance and incorporate tissue and cir-
culating biomarkers to characterize vascular, immune, and resistance-related changes. Randomized
comparisons with established subsequent-line therapies will be required to define clinical benefit.

EGFR-Mutated NSCLC after TKI Failure

EGFR-mutated NSCLC after TKI failure represents a potential setting for PD-L1/VEGF bispecific
therapy because these tumors generally show limited sensitivity to immune checkpoint inhibitor
monotherapy, whereas VEGF blockade may enhance antitumor immunity.*-° In the phase II
NCT05756972 study, pumitamig plus carboplatin/pemetrexed showed encouraging activity after
EGFR-TKI failure, although the single-arm design limits comparative interpretation. Future random-
ized studies should incorporate contemporary post-TKI comparators and relevant resistance-related,
clinical, and genomic factors, particularly as antibody—drug conjugates and other biomarker-directed
therapies reshape this treatment landscape.

Safety Considerations

PD-(L)1/VEGEF bispecific antibodies combine toxicities associated with immune checkpoint inhibitors
(ICIs) and VEGF blockade. Immune-mediated adverse events may include pneumonitis, hepati-
tis, colitis, endocrinopathies, nephritis, and dermatologic toxicity, whereas VEGF-related events
include hypertension, proteinuria, bleeding, thrombosis, impaired wound healing, and gastrointestinal
perforation.>!-2

Bleeding risk is particularly relevant in squamous NSCLC. Bevacizumab has historically been
restricted to nonsquamous disease because early clinical studies identified an increased risk of severe
and potentially fatal pulmonary hemorrhage, particularly in patients with squamous histology.”

Nevertheless, current PD-(L)1/VEGF bispecific programs include squamous NSCLC, making careful
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patient selection and prospective characterization of hemorrhagic toxicity essential. Patients with
recent hemoptysis, tumor cavitation or necrosis, major-vessel invasion, uncontrolled hypertension, or
other clinically significant bleeding risks require particular caution.

Early clinical data suggest that immune-related toxicity is generally manageable, but antiangiogenic
adverse events remain clinically relevant. In ROSETTA Lung-02, grade >3 treatment-related adverse
events occurred in 44.2% of patients receiving pumitamig plus chemotherapy, while grade >3 immune-
related adverse events occurred in 2.3% and bleeding events in 16.3%, including one grade 3 bleeding
event.’? In the updated HB0025 study, grade >3 VEGF-related adverse events included proteinuria
(8.8%), hypertension (6.4%), hemorrhage (4.0%), and thromboembolism (4.0%).2” These findings
indicate that the safety profile reflects both the bispecific construct and concomitant chemotherapy,
and that VEGF-related toxicities require specific monitoring. However, differences in study design,
patient selection, and adverse-event attribution limit cross-trial comparisons.

An additional practical challenge is toxicity attribution and management. Because PD-(L)1 inhi-
bition and VEGF blockade are integrated within a single construct, adverse events may reflect either
functional component, the bispecific architecture, concomitant chemotherapy, or their interaction.
This overlap can complicate causal attribution.>* Unlike separately administered checkpoint inhibitor
plus antiangiogenic combinations, the two functional components of a bispecific antibody cannot be
withheld or dose-adjusted independently; toxicity attributable to one pathway may therefore require
interruption of the entire construct. Whether the potential advantages of integrated, tumor-directed
dual blockade offset this reduced dosing flexibility remains to be determined in larger randomized
studies.

Patient Selection and Biomarker Development

Optimal patient selection for PD-1/VEGF and PD-L1/VEGF bispecific antibodies remains unde-
fined. PD-L1 expression is the most readily available biomarker, but current data suggest that it is
unlikely to be sufficient as a standalone selection marker. Activity with ivonescimab, PF-08634404,
PM&8002/BNT327, and HB0025 has been observed across PD-L1 subgroups, including tumors with
low or absent expression. These findings raise the possibility that concurrent VEGF blockade may
extend antitumor activity across a broader range of PD-L1 expression than is typically associated with
PD-(L)1 monotherapy, although this hypothesis requires prospective validation.20-24

Candidate angiogenic biomarkers include tumor or circulating VEGF-A levels, hypoxia-related
gene-expression signatures, microvessel density, vascular permeability, and angiogenic cytokine
profiles. Candidate immune-related biomarkers include CD8-positive T-cell infiltration, interferon-
y-related gene-expression signatures, myeloid-cell composition, T-cell receptor diversity or clonality,
and circulating immune-cell phenotypes.>> Tumor histology, genomic features, prior immunotherapy
or antiangiogenic exposure, and resistance mechanisms may also influence treatment sensitivity.

Composite biomarkers integrating checkpoint dependence, angiogenic activity, and the immune
microenvironment may ultimately be more informative than PD-L1 expression or VEGF concentra-
tion alone. Serial assessment of circulating VEGF, tumor perfusion, vascular normalization, immune
cell infiltration, and related molecular signatures may provide pharmacodynamic evidence of target
engagement and help identify patients most likely to achieve a durable benefit.”® Because PD-
1/VEGF and PD-L1/VEGF constructs differ in molecular architecture and target engagement, distinct
biomarker strategies may ultimately be required for individual agents.

Conclusion

PD-1/VEGF and PD-L1/VEGF bispecific antibodies represent a promising strategy that combines
immune checkpoint blockade with antiangiogenic therapy. Ivonescimab has the strongest clinical
evidence, including benefits demonstrated in randomized phase III trials, while PF-08634404, pumi-
tamig, HB0025, IMM2510, and other agents have shown encouraging early activity. However, most
compounds remain supported by limited or nonrandomized data, and substantial differences in
molecular design may preclude a uniform class effect. Ongoing phase III trials, longer-term safety
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assessment, and biomarker development will be essential to define their comparative efficacy, optimal
patient selection, and ultimate role in NSCLC.
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