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CEILING 
BREAKTHROUSH

Era1
Cytotoxics
Non-specific 
killing, high 
toxicity

Era 2
Precision TKI
Driver-specific,
Inevitable 
resistance

Era 3
Checkpoint 
inhibitor
Durable tail, 
“hot” tumors only

Era 4
Bispecifics
Qunatum Leap
Addressing 
heterogeneity

Why the Shift?

Single-agent efficacy is limited by biological redundancy.
BsAbs overcome this by:

• Bridging immune effectors to cold tumors
• Dual blockade of redundant signaling pathways
• Cooperative binding → enhanced specificity
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Strategic Evolution of Lung Cancer Therapy
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Evolution of Formats: IgG-like vs. Non-IgG-like

Nature Protocols volume 9, pages2450–2463 (2014)

front Immunol. 2025 Nov 4;16:1679092. 3



The Strategic Goal
Constraining Tumor Escape in the Setting of Heterogeneity

4. Immunocytokines:

Antibody–cytokine fusion 

for targeted delivery.

3. TME Modulation:

Dual checkpoint blockade or

anti-angiogenic combinations.

1. Dual Inhibition:

Simultaneous blockade of two 

signaling pathways

2. Immune Cell Engagers (ICEs):

Redirection of cytotoxic cells 

(T/NK) to tumors.

Front Immunol. 2025 May 29:16:1572802 4



The Strategic Imperative for Bispecific Antibodies in Lung Cancer
Tumor Heterogeneity + Adaptive Resistance

Overcoming resistance 
bypass signaling

Increasing tumor specificity 
reducing off-target toxicity

Turning "cold" tumors "hot" 
T-cell redirection

Neuro Oncol. 2022 May 4;24(5):669-682 5



2024-2025 Regulatory Snapshot
Major Approvals at a Glance

Drug Target Indication FDA Approval Key Evidence Trial ORR/PFS/OS Status Notes

Tarlatamab
(Imdelltra)

DLL3×CD3
ES-SCLC (≥2L post-
platinum)

2024.5.16 
(accelerated)
2025.11.19 (full)

DeLLphi-301
ORR 40%, mPFS 
4.9m, mOS 14.3m

SCLC 2L standard

Amivantamab
(Rybrevant)

EGFR×MET
EGFR exon20ins 
NSCLC (1L 
w/chemo)

2024.3 (full 
expansion)

PAPILLON/MARIP
OSA

PFS 11.4 vs 6.7m 
(1L)

EGFR combo 
backbone

Zenocutuzumab
(Bizengri)

HER2×HER3
NRG1 fusion+ 
NSCLC (advanced)

2024.12 
(accelerated)

eNRGy-1 ORR 37%
Niche NRG1 
approval

Ivonescimab PD-1×VEGF
NSCLC (PD-L1+, 
1L/EGFR post-TKI)

None (PDUFA 
~2026 Q4)

HARMONi-2/3
PFS 11.1 vs 5.8m 
(vs pembro); HR 
0.51

China approved; 
Global BLA 
pending
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Dual Inhibition
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Amivantamab: Dual-Targeting & Immune Cell Engagement

MET affinity Optimization 40 pmol/L

Benefit
Low toxicity in normal tissue, high 
specificity for tumor cells 

Explor Target Antitumor Ther. 2024;5(6):1297-1320 8



Amivantamab + Lazertinib (MARIPOSA)
Amivantamab + Lazertinib vs Osimertinib in first-line EGFR mutant advanced NSCLC

OS Update 2025
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Amivantamab + Lazertinib (MARIPOSA)

• The OS benefit of amivantamab + Lazertinib is consistent across patient subgroups and is reinfoced by dur
able intracranial disease control.

• Amivantamab + lazertinib delayed the time to a participant experiencing symptoms from their lung cancer 
by a median  of>14 months (TTSP; P<0.001)

OS benefit is consistent across subgroups and reinforced by durable intracranial disease control.
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Why bispecifics make the difference in the CNS
Dual blockade suppressed resistant clones at the origin
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MARIPOSA-2: Defining the Standard After Osimertinib
randomized, open-label, PhIII study 
Progressed on or  after osimertinib monotherapy (as most recent line)
amivantamab(with and without lazertinib) and chemotherapy

• Amivantamab + chemotherapy significantly improved PFS and intracranial PFS versus chemotherapy alone

• Amivantamab + lazertinib + chemotherapy also significantly improved PFS and intracranial PFS versus chemotherapy

• MARIPOSA-2 is the first phase III study to demonstrate superior PFS versus chemotherapy in patients progressing after osimertinib

Intracranial PFSPFS

Passaro A, et al. Ann Oncol. 2024;35(1):77-90. 12



Optimizing Delivery: The Shift from IV to Subcutaneous (PALOMA-3)
Non-inferiority, reduced infusion reactions, and time-saving

J Clin Oncol 42, 3593-3605(2024) 13



Zenocutuzumab: HER2/HER3 biAbs
The "Dock & Block" Mechanism for NRG1 Fusions

Sig Transduct Target Ther 10, 194 (2025)

N Engl J Med 2025;392:566-576
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Immune Cell Engagers
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The SCLC Revolution: Why DLL3 is the Ideal Target

Eur J Cancer. 2019 Sep;119:132-150.

ASCL1 and Notch pathway (75%)
Negative regulator of neuroendocrine differentiation
― In neuroendocrine cell, acts as tumor suppressors
DLL3, a canonical ligand of NOTCH Rc
— Overexpressed in SCLC, 70-80%
— Dominant negative inhibitor of NOTCH signaling

NEUROD1 and MYC (15%)
MYC amplification had significant shorter OS

(4.7 weeks) vs without amplification (26.2 weeks)

(Alves Rde C. et al 2014)

Related to the variant subtype
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Targeting NOTCH signaling pathway

• Rovalpituzumab-tesirine (Rova-T)
- Antibody-drug conjugate, DLL3-targeting  

- Anti-DLL3 moAb+ pyrrolobenzodiazepine(PBD) toxin

Lancet Oncol 2017; 18: 42–51, Clin Cancer Res (2019) 25 (23): 6958–6966.

PhI trial. (N=74)
11/60 (18%) ORR
38% have high DLL3 expression

PhII TRINITY
In DLL+ patients, mostly in 3L : ORR 12%
In DLL3-high (≥ 75%) ORR 14.3%, mPFS 3.8M, mOS 5.7M
Grade 3-5 213 (63%) patients
:  fatigue, photosensitivity reaction, and pleural effusion
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Tarlatamab(DeLLphi-301)

N Engl J Med 2023;389:2063-2075

DeLLphi-301
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DeLLphi-304: Tarlatamab vs. Standard Chemotherapy
Long-term Durability: Response Maintenance in Refractory SCLC 
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DeLLphi-303 Update (WCLC 2025) 
Tarlatamab + Anti-PD-L1 as 1L Maintenance: Unprecedented 25.3m OS.

• Manageable long-term safety: No DLTs or fatal AEs; 
CRS/ICANS predominantly grade 1–2, decreasing TEAEs over 
time

• Encouraging efficacy: Median OS 25.3 months, ORR 24%, 
durable disease control (≥52 weeks in 36%)

20



Neuroendocrine Transformation: 
Targeting DLL3 in EGFR-mutant NSCLC 

• Variable DLL3 expression observed by IHC in neuroendocrine-transformed tissue
• Strong DLL3 staining (3+) in 67% of patients (8/12)
• High DLL3 expression (≥75%) in 75% of patients (9/12)
• Supports DLL3-directed therapies as a rational strategy in this treatment-resistant population with limited options

Lung, AD

Brain, SCLC

DLL3 -

DLL3 3+

Osimertinib

21JTO Clin Res Rep. 2025 Sep 30;6(12):100913



DLL3 TCEs vs. ADCs: Comparative Analysis 

DLL3 TCEs DLL3 ADCs

Killing mechanism
Active T-cell–mediated 
cytotoxicity

Payload-driven cell death

Dependency
Functional T-cell presence & 
engagement

DLL3 expression + 
internalization

Bystander effect
Limited (immune-synapse 
dependent)

Possible (payload diffusion)

Tumor immune context
Requires immune-
accessible tumors

Works in immune-cold SCLC

Durability potential
High (immune memory, 
serial killing)

Limited by payload 
resistance

Key toxicity CRS, neurotoxicity
Myelosuppression, organ 
toxicity
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TME Modulation
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Ivonescimab (AK112/SMT112)
Cooperative Binding 을 통한 Binding affinity 증가
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Ivonescimab (AK112/SMT112)
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Ivonescimab (AK112/SMT112)
The PD-1/VEGF Paradigm Shift (HARMONi-2)

• Randomized, double-blind, phase III study
• Ivonescimab vs Pembrolizumab: 1L PD-L1–positive (TPS ≥1%) advanced NSCLC
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Ivonescimab (AK112/SMT112)
The PD-1/VEGF Paradigm Shift (HARMONi-2)
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Ivonescimab vs. Pembrolizumab (HARMONi-2 Efficacy Summary)

Outcome Metric Ivonescimab Pembrolizumab Improvement / HR

Median PFS (Months) 11.14 5.82 +5.32 months (HR 0.51)

9-Month PFS Rate 56% 40% +16%

ORR (%) 50.0% 38.5% +11.5%

Disease Control Rate (%) 89.9% 70.5% +19.4%

HR (Squamous Histology) 0.48 1.00 (Ref) 52% ↓

HR (PD-L1 TPS >1%) 0.46 1.00 (Ref) 54% ↓
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Limitations of Ivonescimab

• China-heavy phase III evidence base
• Biomarker strategy still evolving
• Long-term OS and post-progression data immature
• CRS risk remains an inherent class effect
• VEGF-related toxicity cannot be fully eliminated
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Global Phase III Clinical Development Program of Ivonescimab

Trial Indication Comparator Status

HARMONi
(HARMONi-A)

EGFR-mutant advanced 
NSCLC(post-TKI setting)

Investigator’s choice 
chemotherapy

BLA accepted (US)
Approved (China)

HARMONi-2
First-line PD-L1–positive 
advanced NSCLC(all 
histologies)

Pembrolizumab 
monotherapy

PFS superiority 
demonstrated
Primary endpoint met

HARMONi-3
First-line metastatic 
squamous and non-
squamous NSCLC

Pembrolizumab + 
chemotherapy

Ongoing enrollment
Global, multicenter trial

HARMONi-6
First-line advanced 
squamous NSCLC

Tislelizumab + 
chemotherapy

PFS superiority 
demonstrated
sNDA submitted (China)
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Pumitamig (BNT327/BMS-986545)
PD-L1 on tumor cells, allowing the neutralization of VEGF-A

Global PhII open-label, parallel group 

pumitamig + chemotherapy untreated ES-SCLC and previously treated SCLC
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Pumitamig (BNT327/BMS-986545)
PD-L1 on tumor cells, allowing the neutralization of VEGF-A

Clinical Endpoint
Pumitamig + 
Chemotherapy (Ph II)

Atezolizumab + 
Chemotherapy 
(IMpower133, Ph 
III)

Durvalumab + 
Chemotherapy 
(CASPIAN, Ph III)

Objective Response Rate 76.3% – 85.4% 60.2% 67.9%

Disease Control Rate 100% – –

Median Progression-Free 
Survival

6.9 months 5.2 months 5.3 months

Median Overall Survival
16.8 months (China 
data, early)

12.3 months 13.0 months

ROSETTA-Lung01(SCLC), ROSETTA-Lung02(NSCLC)
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TIGIT: The "Reckoning" of 2025

TIGIT blockade amplifies anti-tumor immunity by activating CD8⁺ T 

cells and NK cells while relieving Treg-driven suppression.

Figure adapted from Ge Z, et al. 2021.
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Rilvegostomig: Synergistic PD-1 x TIGIT Blockade
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Rilvegostomig: ARTEMIDE Phase3

A multi-front offensive
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LAG-3: Lessons from RELATIVITY-104 for next-generation bispecific design
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From Combination to Integration: PD-1 × LAG-3 Bispecific Antibodies

Drug Target/Format Lung Cancer Development Stage & Features

Tebotelimab (MGD013) PD-1 x LAG-3 DART
Phase 1 expansion cohort in solid tumors/hematologic cancers inclu
ding NSCLC showed ORR and tolerability; response correlation repor
ted in LAG-3 high expression.

RO7247669 PD-1 x LAG-3 BsAb
Phase 1 ongoing in multiple solid tumors including NSCLC; combina
tion and radiotherapy combination studies designed.

EMB-02
PD-1 x LAG-3 BsAb
(Fc engineering LALA)

FIH Phase 1 in solid tumors reported additional immune activation a
nd tolerability from dual blockade, including NSCLC.

• Although still in early clinical development, PD-1 × LAG-3 bispecifics are being actively explored as an integrated 

checkpoint strategy.
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Future direction 
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Adverse Effects of Bispecific Immunotherapy and Strategies to Overcome Them

front Immunol. 2025 Nov 4;16:1679092. 39



Strategic Combination Partners for Bispecific Antibodies
How to unlock efficacy beyond the molecule itself

front Immunol. 2025 Nov 4;16:1679092.

Cellular Therapy

Sequential/Bridging: Optimized for 

disease debulking before CAR-T infusion

Dual-targeting: Simultaneous targeting to 

prevent antigen-negative escape.

Durability: Enhances the persistence of 

the anti-tumor response.

Remission: Significantly extends the 

duration of patient remission.

CLINICAL RISKS
CRS, Neurotoxicity, Graft-vs-Host Disease

Checkpoint Inhibitors

Reversing Exhaustion: Prevents T-cell 

anergy and functional exhaustion.

Effector Enhancement: Potentiates 

cytotoxic activity of engaged T-cells.

Memory Formation: Supports long-term 

immunological memory.

Synergy: Combines immune release with 

directed engagement.

CLINICAL RISKS

Autoimmune complications, increased   irAE

severity.

Oncolytic Viruses

Microenvironment: Converts "Cold" tumors into 

"Hot" immunogenic sites.

T-cell Infiltration: Significantly enhances 

localized T-cell recruitment.

Local Production: Enables in-situ generation of 

BiTEs within the tumor.

Dual Action: Direct viral lysis combined with 

antibody-mediated killing.

CLINICAL RISKS

Host antiviral immune response, delivery 

efficiency.
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From Target Engagement to Tumor Control: 

The Future of Bispecific Antibodies in Lung Cancer

front Immunol. 2025 Nov 4;16:1679092.

Control of binding 

strength & specificity

Conditional activation in the 

tumor microenvironment

Spatial control of BsAb activity

41



Take Home Message

• BsAbs are emerging as next generation therapeutics in 

lung cancer, with landmark approvals and promising trial 

results

• Opportunities and challenges coexist: efficacy proven, 

but production, Immunogenicity, and cost remain 

hurdles

• A dynamic pipeline is underway aiming to broaden 

therapeutic options

• Future direction : optimize manufacturing , improve cost 

effectiveness, and identify new therapeutic targets to 

benefit more patients
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