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Antibody-drug conjugates (ADCs) have gained significant attention as a promising therapeutic strategy for non-small cell lung cancer (NSCLC), combining the precision of monoclonal antibodies with the potent cytotoxic effects of chemotherapy. This review summarizes recent advancements in the development of ADCs for NSCLC, focusing on their mechanism of action, key components, and progress in clinical applications. By specifically targeting tumor-associated antigens, ADCs deliver cytotoxic agents directly to cancer cells, thereby enhancing therapeutic efficacy while minimizing systemic toxicity. Several ADCs, such as trastuzumab deruxtecan and sacituzumab govitecan, have shown encouraging results in clinical trials, particularly in tumors with molecular alterations like HER2 and TROP2. Additionally, the combination of ADCs with immune checkpoint inhibitors (ICIs) offers a novel and promising therapeutic avenue, potentially enhancing immune responses and overcoming tumor resistance. Despite these promising outcomes, challenges such as drug resistance, immune evasion, and toxicity persist. The novelty and focus of this article are to discuss the significance of optimizing ADCs design, exploring combination therapies, and enhancing safety management in improving treatment outcomes, with the aim of promoting the research and application of ADCs in the immunotherapy of NSCLC
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1 Introduction

Cancer remains a major global public health issue (1). Among the various types, lung cancer is the leading malignancy in terms of both incidence and mortality rates globally, with approximately 2.5 million new cases of pathology each year (2). Non-small cell lung cancer (NSCLC) is the most common histological subtype of lung cancer, accounting for approximately 85% of the lung cancer cases observed globally at present (3). This emphasizes the urgency of effective measures for treating NSCLC.

Treatment options for NSCLC include surgery, chemotherapy, radiotherapy, immunotherapy, targeted therapies, antibody-drug conjugates (ADCs), and traditional Chinese medicine. Immunotherapy, especially immune checkpoint inhibitors (ICIs), has significantly enhanced the treatment outcomes for NSCLC (4). However, the emergence of resistance to these therapies continues to pose a major challenge (5). ADCs is a highly promising treatment for NSCLC. ADCs are immunoconjugates that combine the tumor-targeting ability of monoclonal antibodies with cytotoxic agents (6), offering enhanced cytotoxic efficiency. Due to their specificity, ADCs typically exhibit lower systemic toxicity compared to conventional chemotherapeutic agents, thus offering a more favorable safety profile (7). This, in turn, provides additional therapeutic options for NSCLC patients. Despite this, ADCs still faces many challenges. For instance, due to the limited stability of the systemic circulation of ADCs, only about 1-2% of the administered dose eventually reaches the tumor site, while the remaining 98% May deposit in normal tissues or be released prematurely, thereby causing major adverse events (8).

This article summarizes the latest research progress of ADCs in non-small cell lung cancer, with a focus on elaborating their mechanism of action, key components and clinical applications. Based on this, we focused on discussing the optimization of ADC design, the exploration of combination therapies, and the strengthening of safety management, aiming to promote the research and application of ADCs in the immunotherapy of non-small cell lung cancer.




2 Structure and mechanism of action of ADCs



2.1 Key components of ADC

The concept of ADCs was first presented by Paul Ehrlich almost 100 years before. He described the antibody as a “magic bullet”: drugs that go straight to their intended cell-structural targets (9). An ADC comprises three essential components: an antibody that binds a tumor-associated antigen, a cytotoxic payload and a connecting linker (10).



2.1.1 Antibody

The antibody serves as the fundamental element in the design of ADCs and must exhibit several essential characteristics, particularly as novel anticancer therapeutics (11). Second, optimized biophysical properties are imperative, encompassing prolonged systemic persistence, diminished immunogenic potential, and stringent target selectivity to avoid off-tissue interactions (12). Finally, molecular compatibility with conjugation chemistries is critical, ensuring stable covalent integration of cytotoxic payloads while preserving antibody integrity during biodistribution, thereby maximizing therapeutic efficacy and minimizing systemic toxicity (13). The human immune system produces five principal immunoglobulin isotypes—IgA, IgD, IgE, IgG, and IgM—each distinguished by structural and functional properties that mediate distinct roles in adaptive immunity. Most ADCs are developed based on IgG (especially IgG1 and IgG4) homologous types because of their excellent solubility and higher affinity for Fcγ receptors, which helps pH-dependent cycling avoid degradation and thus show a longer plasma half-life (14). In other words, this can increase the accumulation of drugs in tumor tissues.




2.1.2 Linkers

Linkers in ADCs bridge the antibody and the cytotoxic drug, serving as key factors influencing ADCs stability and payload release profiles. These linkers must exhibit high stability in plasma to prevent non-specific payload release during circulation in the bloodstream (15). Additionally, linkers should be capable of releasing the cytotoxic drug upon internalization into the target cell. Another critical factor in linker design is its hydrophobic nature. When hydrophobic linkers are combined with cytotoxic payloads that share similar hydrophobic characteristics, they often lead to the aggregation of ADCs molecules. Cut-able and non-cut-able linkers are the main types of linkers adopted by most ADCs, and each type of linker plays a different role in the controlled release and stability of cytotoxic payloads (16). The cleable linkers use the environmental differences between the systemic circulation and tumor cells as “switches” to trigger regulation to release cytotoxic drugs, which mainly include chemical cleable linkers (Hydrazone and disulfide bonds) and enzymatic cleable linkers (glucuronic acid bonds and peptide bonds) (16, 17). For chemical cutting streets, Hydrazone is a typical PH-sensitive connector. The ADC connected to it releases cytotoxic payloads under lysosome pH 4.8 and endosome pH 5.5–6.2 conditions when entering the target cancer cells (18). In addition, the disulfide bonding cleavage joints rely on chemically sensitive cleavage joints that are sensitive to the concentration of reducing glutathione (GSH), which release cytotoxic payloads in cancer cells with elevated GSH (16, 19). For enzymatic cleavage junctions, it is usually necessary to consider proteases that are generally elevated in tumor cells but have inhibited activity or are at low concentrations in plasma. For instance, the β -glucuronide linker is another commonly used enzyme-sensitive linker in ADCs, which can be cleaved by β -glucuronidase (typically highly expressed in tumor areas) to release the payload in the cell (20). In addition, cathepsin B is secreted into the extracellular matrix (ECM), thereby promoting tumor infiltration (21), and the linker targeting this enzyme may have the potential to become a novel linker.

For non-cutting linkers, they usually show inertness to chemical and enzymatic environments, which makes them exhibit high safety. They rely on a certain specific reaction mechanism to release cytotoxic payloads. For instance, cytotoxic payloads coupled with antibody amino acids are released through the enzymatic hydrolysis of ADCs antibody components by proteases (22). Consequently, a meticulously engineered linker serves not only to guarantee precise transportation of the cytotoxic agent to designated therapeutic sites but also crucially contributes to sustaining the structural integrity and preserving the functional efficacy of ADCs during systemic circulation. This dual functionality underscores the linker’s indispensable role in optimizing therapeutic outcomes while mitigating premature degradation or inactivation of the complex.




2.1.3 Cytotoxic payloads

Within ADCs, the cytotoxic moiety serves as the principal therapeutic effector responsible for inducing tumor cell death. Empirical investigations demonstrate that merely 1–2% of systemically delivered ADCs successfully localize to malignant tissues (23), highlighting pharmacokinetic limitations that necessitate the utilization of ultrapotent cytotoxic agents. These findings underscore the imperative for payloads exhibiting subnanomolar cytotoxic activity to compensate for suboptimal tumor accumulation while maintaining an acceptable therapeutic index. For an ADCs to be effective, its payload must possess several key properties. Ideally, the compound should be of relatively low molecular weight and exhibit minimal immunogenicity, thereby reducing the likelihood of immune system interference. In addition, the payload must maintain high stability both in the bloodstream and throughout the endosomal/lysosomal pathways, ensuring that it remains intact until it reaches the target cells. Most importantly, the compound must exhibit potent cytotoxic effects, capable of effectively killing cancer cells upon internalization. Achieving this delicate balance between stability, low immunogenicity, and high cytotoxicity is essential for the optimal performance of ADCs in clinical settings (11, 24, 25). At present, widely utilized cytotoxic agents consist of microtubule inhibitors, DNA-damaging compounds, type I topoisomerase inhibitors, among others (26).





2.2 Mechanism of action

Upon entering the bloodstream, the antibody components of ADCs recognize and bind to tumor cells that overexpress specific cell surface antigens (27). The ADC-antigen complex is then internalized into the tumor cell via endocytosis (28). Upon internalization, the cytotoxic payload is released through lysosomal degradation. This released payload then interferes with DNA strands or microtubules, or inhibits topoisomerase or RNA polymerase activity, leading to the eventual death or apoptosis of tumor cells (Figure 1). If the released payload is capable of permeating cell membranes or is transmembrane in nature, it has the potential to trigger a bystander effect: the cleavable connector can release its payload outside the cell within the tumor tissue and can kill adjacent tumor cells with low or negative expression of the target antigen to enhance the efficacy of ADC (29, 30). Not all ADCs exhibit the bystander effect. These drugs may also influence the tumor microenvironment (TME) through the bystander effect (31).
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Figure 1 | Mechanism of action of antibody-drug conjugates (ADCs) in non-small cell lung cancer (NSCLC).




2.3 Advantages and challenges of ADCs

ADCs constitute an emerging category of oncological therapeutics that synergistically combine the specificity of monoclonal antibodies with the potent cytotoxic effects of low-molecular-weight agents. This hybrid architecture facilitates antigen-directed precision, optimized therapeutic payload distribution, and diminished off-target cytotoxicity, collectively enhancing treatment selectivity (32). Despite these advantages, ADCs platforms still face significant challenges, including the emergence of multidrug resistance mechanisms and dose-limiting toxicity related to the drug-antibody ratio (DAR) and payload release.

The occurrence of drug resistance mechanisms is mainly due to the down-regulation of cell surface targets that ADCs rely on, which reduces the effective recognition efficiency of ADCs and subsequently leads to the occurrence of negative event probabilities. Preclinical studies have demonstrated that over time, cells continuously treated with ADCs eventually show a decrease in the expression of target antigen proteins (such as CD30) and other effects (32, 33).

As a key factor in the effective design of ADCs, DAR refers to the average number of drug molecules linked to each antibody (34). The size of DAR can significantly affect the pharmacokinetic characteristics of ADCs, and the degree of drug addition to the antibody can influence the overall stability and aggregation properties of the complex. Although it has been reported that maintaining a DAR at 3–4 usually leads to better pharmacokinetic properties (35). However, a recently developed polymer ADCs shows a DAR value of 20 (36). This emphasizes the need to further explore the optimal DAR values for different ADCs.

As for the toxic events that often occur in ADCs, such as hepatotoxicity, they are often related to their specific payloads. For instance, the calicheamicin payload is associated with an increased incidence of liver injury and hepatotoxicity, although reducing the dose still fails to effectively control the hepatotoxicity it brings (37). These toxic events related to fixed payloads have further stimulated the development of more payloads and demanded more research data and efforts.





3 Current status of ADCs in NSCLC treatment



3.1 Human epidermal growth factor receptor 2, HER-2

HER2 is an important member of the epidermal growth factor receptor (EGFR) tyrosine kinase family. In NSCLC, the incidences of HER2 overexpression, HER2 amplification and HER2 mutation are 7.7%-23%, 2%-22% and 1%-6.7% respectively, which indicates the application potential of this molecule in the treatment of NSCLC (38). The alteration of HER2 is associated with the poor prognosis of NSCLC, although the guidelines for HER2 testing mainly target breast cancer (38). Unlike other HER family receptors, HER2 does not possess an identified natural ligand. Instead, its downstream signaling pathways are activated via dimerization mechanisms, predominantly through homodimer formation or heterodimer partnerships with HER1 (EGFR) and HER3 (39). HER2 facilitates tumor cell proliferation, cellular survival, metastasis, and invasion in lung cancer via gene mutations, amplification, or aberrant activation of signaling pathways, and is implicated in the development of drug resistance. Some HER2-targeted drugs, such as T-DXd, have shown benefits in patients with advanced NSCLC, indicating that HER2 is not only a prognostic marker but also a promising therapeutic target (38, 40, 41).



3.1.1 Ado-Trastuzumab Emtansine, T-DM1

T-DM1 is the first ADC to be used in the treatment of solid tumors. Trastuzumab is conjugated to the cytotoxic drug DM1 via a non-lysable thioether bond (42). T-DM1 selectively targets and attaches to cells overexpressing HER2 receptors. Following cellular internalization via the HER2-mediated endocytic pathway, the antibody-drug conjugate undergoes lysosomal processing, which cleaves the linker molecule to liberate the DM1 chemotherapeutic agent (43).

In a Phase II biomarker-enriched trial evaluating T-DM1 for HER2-mutant NSCLC harboring exon 20 insertions (n = 22), the therapeutic paradigm demonstrated clinically meaningful signal transduction blockade, evidenced by an objective response rate (ORR) of 38.1% (90% CI: 23.0–55.9%) and a disease control rate (DCR) of 52.4%. Survival kinetics revealed biphasic tumor evolutionary trajectories, with median progression-free survival (mPFS) and median overall survival (mOS) of 2.8 months (90% CI: 1.4–4.3) and 8.1 months (90% CI: 4.5–12.7), respectively, reflecting transient pharmacodynamic durability before adaptive resistance mechanisms emerged.The toxicity de-escalation profile of T-DM1 proved advantageous, with only 14.3% of participants experiencing grade ≥ 3 treatment-emergent adverse events (TEAEs), predominantly hematologic and hepatic perturbations—a finding attributable to T-DM1’s lysosomotropic payload compartmentalization, which minimizes off-target immunogenic sequelae. Notably, the absence of interstitial lung disease or neurotoxicity underscored its targeted cytotoxin delivery mechanism, leveraging HER2-mediated endocytosis for spatial precision (44).

These data position T-DM1 as a molecularly rationalized intervention for HER2-driven NSCLC, particularly in contexts of ligand-independent HER2 dimerization. However, the disconnect between ORR and mPFS suggests transient oncogene dependency, necessitating combinatorial strategies with HER2 degradation inducers (e.g., PROTACs) or immune checkpoint modulators to counteract compensatory pro-survival pathways. Further validation through adaptive basket trials stratifying patients by HER2 extracellular domain conformation and receptor internalization efficiency could refine therapeutic candidacy.




3.1.2 Trastuzumab deruxtecan, T-DXd

As a pioneering biopharmaceutical innovation in precision oncology, T-DXd has achieved global regulatory approval as the first ADC authorized for clinical application in NSCLC. Its structural composition incorporates an engineered human IgG1 monoclonal antibody that selectively binds to HER2 surface receptors, conjugated through a cleavable tetrapeptide-based linker system to a potent topoisomerase I inhibitor therapeutic payload. This configuration optimizes targeted cytotoxicity while maintaining favorable pharmacological profiles through controlled payload release mechanisms (45). The DESTINY-Lung01 trial, a multicenter phase II study employing an open-label, two-cohort design, enrolled 91 HER2-mutated NSCLC patients were administered 6.4 mg/kg T-DXd triweekly. Efficacy evaluations demonstrated an ORR of 55% (95% CI: 44–65%) within the HER2-mutant cohort (n = 91), with a median follow-up duration of 13.1 months. Secondary endpoints included a median duration of response (mDOR) of 9.3 months (95% CI: 5.7–14.7) and mPFS of 8.2 months (95% CI: 6.9–10.8), while mOS reached 17.8 months (95% CI: 13.8–22.1). Safety assessments identified hematological toxicities (e.g., neutropenia, anemia), gastrointestinal disturbances, and treatment-emergent ILD events (26% incidence; two fatalities), underscoring dose-dependent toxicity risks (46). In response to these findings, the subsequent DESTINY-Lung02 trial prospectively randomized 152 HER-2-mutant NSCLC patients (including SNVs and exon 20 insertions) to receive 5.4 mg/kg or 6.4 mg/kg T-DXd regimens. Comparative analysis revealed comparable efficacy between cohorts (mDOR: 12.6 vs. 12.2 months; mPFS: 10.0 vs. 12.9 months; mOS: 19.0 vs. 17.3 months), yet the 5.4 mg/kg cohort exhibited superior tolerability, with reduced rates of treatment discontinuation (14.9% vs. 32.0% for ILD/non-infectious pneumonia) and dose modifications (47). Supported by robust clinical evidence, T-DXd has achieved a Category IIA recommendation in the 2024 CSCO guidelines and stands as the sole preferred second-line therapy for HER2-mutant advanced NSCLC per updated NCCN recommendations. Preliminary data from Cohort 1D of the DESTINY-Lung03 trial, presented at WCLC 2024, evaluated 36 HER2-overexpressing NSCLC patients receiving 5.4 mg/kg T-DXd (median treatment duration: 7.2 months; follow-up: 14.9 months). Outcomes included a confirmed ORR of 44.4%, DCR of 77.8% at 12 weeks, and sustained mDOR of 11.0 months, alongside mPFS and mOS of 8.2 and 17.1 months, respectively. The safety profile aligned with prior studies, reinforcing T-DXd’s therapeutic consistency (48).





3.2 Human epidermal growth factor receptor 3, HER3

HER3 is a member of the human epidermal growth factor receptor family. Although its own kinase activity is deficient or negligible, it induces the phosphorylation of receptor tyrosine residues via heterodimerization with other receptor tyrosine kinases (RTKs) (e.g., EGFR and HER2), thereby activating key signaling pathways including PI3K/AKT and MAPK, which drive critical processes in the pathogenesis, progression, and therapeutic resistance of lung cancer (49, 50). Patritumab Deruxtecan (HER3-DXd) epitomizes a third-generation ADC engineered for HER3-tropism, comprising a molecular architecture that integrates a fully human anti-HER3 IgG1 monoclonal antibody (mAb) with Fc-optimized effector function silencing (51). This scaffold is site-specifically conjugated, via a protease-cleavable tetrapeptide linker, to the exatecan-derived topoisomerase I inhibitor payload deruxtecan (DXd)—a membrane-permeable cytotoxin optimized for bystander effect potentiation (52). The clinical effectiveness of HER3-DXd was evaluated in patients with advanced or metastatic NSCLC harboring EGFR mutations and a history of EGFR-TKI therapy in the Phase I dose-expansion study HERTHENA-Lung01. This trial utilized a two-stage dose escalation and expansion cohort design to identify 5.6 mg/kg as the recommended dose for HER3-DXd. Then an additional 45 patients were enrolled, bringing the total number of patients from both the dose escalation and expansion stages to 57, all receiving HER3-DXd at 5.6 mg/kg. The ORR was 39% (95% CI: 26.0% - 52.4%), which exceeded that observed with traditional chemotherapy agents. The mOR was 2.6 months, and the DOR was 6.9 months. Among the 57 patients, 27 (53%) exhibited a reduction in the total tumor diameter of ≥ 30% as measured by imaging following treatment with HER3-DXd. Grade ≥ 3 TEAEs occurred in 64% of patient, with the most common being thrombocytopenia, neutropenia and fatigue (53). Cohort 2 of the dose-expansion phase enrolled 47 previously treated NSCLC patients lacking EGFR-activating mutations, who were not subjected to molecular selection criteria. Therapeutic outcomes included an ORR of 28% and a mPFS duration of 5.4 months (95% confidence interval [CI]: 3.9–12.7) (54).




3.3 Trophoblast surface antigen 2, TROP-2

TROP-2 is a transmembrane glycoprotein initially identified in trophoblast cells. TROP-2 is highly expressed in epithelial cancers such as lung adenocarcinoma and is associated with an aggressive oncogenic phenotype (55). Thus, TROP-2 is often considered a potential tumor marker. TROP-2 modulates cell proliferation and survival through the regulation of intracellular calcium concentrations. By interacting with calcium signaling regulatory proteins, TROP-2 plays a pivotal role in governing both the cell cycle and cellular differentiation. Additionally, TROP-2 facilitates cell cycle progression by activating the PI3K/AKT signaling pathway, further contributing to cellular growth and survival mechanisms (56). The intricate biological properties of TROP-2, including its multifaceted downstream signaling pathways and diverse functional roles, have necessitated rigorous safety and efficacy assessments during therapeutic development. Consequently, antibody-drug conjugates targeting TROP-2 remain subjects of active investigation, with the majority currently undergoing preclinical characterization or early-phase clinical evaluation.




3.3.1 Sacituzumab Govitecan (SG, IMMU-132)

IMMU-132 is a humanized monoclonal antibody targeting Trop-2, conjugated through a proprietary hydrolyzable linker to SN-38, the active metabolite of the topoisomerase inhibitor irinotecan (57). IMMU-132 has shown beneficial efficacy for advanced NSCLC (58). In this single-arm multicenter trial, the clinical trial enrolled 54 patients with NSCLC for therapeutic evaluation. Among 47 evaluable subjects (median prior treatment lines: 3; range 2–7), the cohort demonstrated an ORR of 19%, with a mDOR of 6.0 months (95% CI 4.8–8.3). A clinical benefit rate of 43% was observed, defined as complete/partial responses or sustained stable disease (≥4 months). In the intention-to-treat (ITT) population (n = 54), the ORR reached 17% (9/54 cases), with responses emerging at a median onset of 3.8 months, including patients refractory to prior immune checkpoint inhibitors. Survival analysis revealed mPFS of 5.2 months (95% CI 3.2–7.1) and mOS of 9.5 months (95% CI 5.9–16.7). Treatment-related grade ≥ 3 adverse events comprised neutropenia (28%), diarrhea (7%), nausea (7%), fatigue (6%), and febrile neutropenia (4%).




3.3.2 Datopotamab deruxtecan, Dato-DXd

Dato-DXd is an ADC that consists of a humanized IgG1 monoclonal antibody directed against TROP2. This antibody is covalently bound via a protease-cleavable tetrapeptide-based linker, which is specifically engineered to enable controlled release of the cytotoxic payload. The payload is a topoisomerase I inhibitor, designed to exert potent antitumor activity upon delivery to the target site (59). Preliminary data from the TROPI-ON-Pantumor01 Phase I trial—a multicenter dose-escalation/expansion study—revealed clinically meaningful antitumor responses and manageable toxicity parameters in heavily pretreated advanced NSCLC populations (60). TROPION Lung05 is a global Phase II, single-arm, open-label trial aimed at assessing the effectiveness of Dato-DXd in individuals with advanced or metastatic NSCLC who possess specific genomic alterations. The study reported a confirmed ORR of 35.8%, which included four complete responses (CR) and 45 partial response, alongside 56 instances of stable disease. The DCR was 78.8%, with durable responses observed, and the mDOR was 7.0 months. The mPFS was 5.4 months, and the mOS was 13.6 months. In the cohort of 78 patients with EGFR mutations, the confirmed ORR was 43.6%, including all four CRs observed in the study. In the cohort of EGFR-mutated patients, therapeutic outcomes included a mDOR of 7.0 months, an 82.1% DCR, and mPFS and mOS of 5.8 months and 18.3 months, respectively. Within the subgroup of 34 ALK-rearranged cases, the ORR reached 23.5%, with eight individuals achieving partial responses. This group also exhibited a median DOR of 7.0 months, a DCR of 73.5%, and survival metrics of 4.3 months (mPFS) and 9.3 months (mOS). The safety profile was characterized by frequent stomatitis (56%) and nausea (62%), while hematologic adverse drug reactions remained uncommon (61).




3.3.3 Sacituzumab tirumotecan, sac-TMT

Sac-TMT is an innovative ADC targeting TROP-2, which incorporates 2-methylsulfonylpyrimidine as the linker, attached to a topoisomerase I inhibitor (62). In the KL264–01 Phase I/II study, the overall ORR for 43 patients with advanced NSCLC was 40%, while the ORR in the EGFR mutation subgroup (n = 22) reached 55%, significantly higher than the 24% observed in wild-type patients (P = 0.039). Additionally, tumor shrinkage was more pronounced in the EGFR mutation group (-33% vs. -17%, P = 0.036). In the SKB264-II-08 Phase II study, 64 patients with EGFR mutations exhibited an ORR of 34% (95% CI: 23-47) and a DCR of 84% (95% CI: 73-92). Cross-study comparisons demonstrated that patients with EGFR mutations had superior ORRs (KL264-01: 55%; SKB264-II-08: 34%) compared to those receiving conventional chemotherapy (ORR: 3-14%) or other TROP2-targeting ADCs (such as Dato-DXd, which showed a 26% ORR in unscreened populations). Furthermore, the mPFS for patients with EGFR mutations was 11.1 months in KL264-01 (95% CI: 5.7–12.9) and 9.3 months in SKB264-II-08 (95% CI: 7.6–11.4), both longer than the 5.3 months observed in wild-type patients in KL264-01 (P = 0.087). In the cohort of patients with EGFR mutations who were initially treated with chemotherapy (SKB264-II-08 cohort 2), the median PFS was 12.9 months (95% CI: 5.7–21.2). Regarding overall survival (OS), the median OS for patients with EGFR mutations in KL264–01 was 23.0 months (95% CI: 19.7–immature), with a 12-month survival rate of 81% (95% CI: 57–92%). The OS data from SKB264-II-08 are still immature, but the 12-month survival rate has reached 79% (95% CI: 67–87%). The most frequent toxicities were hematologic events, including anemia (84%) and neutropenia (66%). However, serious adverse events, such as interstitial lung disease and diarrhea, were rare, occurring in ≤1% of patients (63). At the same dose, sac-TMT has stronger anti-tumor activity than IMMU-132, and has better safety, and EGFR mutation may be a precise therapeutic target.





3.4 MET

The c-MET receptor tyrosine kinase, encoded by the MET proto-oncogene, functions as a important oncogenic signaling nexus among many solid cancers (64). Its activation via hepatocyte growth factor (HGF)-mediated dimerization triggers downstream pathway hyperactivation, including RAS-RAF-MEK-ERK and PI3K-AKT-mTOR cascades, which orchestrate tumor proliferation, metastatic dissemination, and therapeutic resistance (65). NSCLC exhibits a heterogeneous genomic landscape of c-MET dysregulation: overexpression (30–50%), MET exon 14 skipping mutations (3%), and focal amplifications (1.5%)—the latter strongly correlating with EGFR tyrosine kinase inhibitor (TKI) resistance through bypass signaling reactivation. While MET exon 14-targeted TKIs (e.g., capmatinib, tepotinib) have achieved regulatory approval, oncogenic plasticity in MET-overexpressing or amplified tumors remains a therapeutic void, necessitating novel mechanistic polypharmacy approaches.

Telisotuzumab vedotin (Teliso-V) constitutes a pioneering therapeutic entity in targeted oncology, employing a c-MET receptor-targeting antibody-drug conjugate (ADC) architecture. This novel biologic agent is synthesized through precision engineering methodologies, utilizing a site-specific conjugation approach to covalently link the humanized anti-c-MET immunoglobulin G1 (IgG1) monoclonal antibody ABT-700 with the microtubule-inhibitory cytotoxic agent monomethyl auristatin E (MMAE). The conjugation platform employs an enzyme-cleavable valine-citrulline dipeptide linker system, designed to facilitate tumor microenvironment-responsive payload liberation while maintaining circulatory stability. This design achieves controlled drug-to-antibody ratio (DAR) optimization, balancing cytotoxic potency with target-mediated internalization kinetics (66). Early-phase trials revealed heterogeneous clinical translatability: a Phase I dose escalation study demonstrated modest activity in c-MET-overexpressing solid tumors (ORR 18.8%, mPFS 5.7 months), though the SWOG S1400K trial reported limited efficacy (ORR 9%) with grade 5 pulmonary toxicities, prompting early termination (67).

The Phase II LUMINOSITY trial recalibrated Teliso-V’s therapeutic index via predictive biomarker stratification. In 161 c-MET-overexpressing NSCLC patients, tumor-intrinsic MET expression gradients dictated response hierarchies: high- and intermediate-expression cohorts achieved ORRs of 35% and 23%, respectively, with mDOR of 9.0 and 7.2 months, and mOS ≈14 months in both cohorts. The safety profile featured peripheral neuropathy predominance (30%)—a class effect of MMAE—alongside manageable edema (16%) and fatigue (14%), with only two grade 5 TRAEs. These findings underscore Teliso-V’s pharmacodynamic durability in EGFR wild-type, non-squamous NSCLC, irrespective of MET expression thresholds (68).

Current investigations, including the Phase III TeliMET NSCLC-01 and Phase I M14-237 (Teliso-V + osimertinib), aim to resolve adaptive resistance mechanisms such as EMT-driven MET ligand independence or KRAS co-mutations. Challenges persist, however, including pharmacokinetic-pharmacodynamic disjunction in hypovascularized tumors and immune-related adverse events (irAEs) linked to MMAE’s bystander effect. Next-generation strategies propose bispecific MET/EGFR ADCs or immune-stimulatory payloads (e.g., STING agonists) to amplify tumor-selective cytotoxicity while mitigating neurotoxicity.




3.5 CEACAM5

CEACAM5, a transmembrane glycoprotein implicated in oncogenic plasticity through its roles in intercellular adhesion and metastatic migration, and is an attractive target for the treatment of ADCs (69). Its overexpression correlates with epithelial- mesenchymal transition (EMT) activation and diminished survival, positioning it as a therapeutic target for precision interception of metastatic dissemination.

Tusamitamab ravtansine, a CEACAM5-directed ADC, exemplifies structural modularity: a humanized monoclonal antibody targeting CEACAM5’s extracellular domain is site-specifically conjugated via a reducible disulfide linker to the maytansinoid DM4 (70), a microtubule-disrupting payload engineered for bystander effect potentiation. Despite demonstrating pharmacokinetic tolerability in Phase I, the Phase III CARMEN LC03 trial failed to meet efficacy endpoints, underscoring the biomarker-refinement imperative in CEACAM5-high populations. However, combinatorial strategies in subsequent studies revealed therapeutic synergy: in the Phase II CARMEN LC04 trial, dual targeting with ramucirumab (anti-VEGFR2) extended mPFS to 5.7 months, while the CARMEN-LC05 study demonstrated immune-chemotherapeutic augmentation, with Tusamitamab ravtansine + pembrolizumab or platinum doublets achieving objective response rates (ORRs) of 47.8% and 59.1%, respectively, and a pooled mPFS of 11.6 months (71, 72).

These divergent outcomes highlight context-dependent efficacy shaped by CEACAM5’s TME adaptability. The ADC’s activity is modulated by CEACAM5 spatial heterogeneity, endocytic recycling rates, and stromal barriers to payload diffusion—factors contributing to pharmacodynamic decoupling in unselected populations. Adverse events, notably peripheral neuropathy (30%) and keratitis, reflect DM4’s axonopathic tropism and corneal epithelial sensitivity to microtubule disruption, necessitating toxicity-mitigated payload engineering in next-generation constructs. The ADCs approved or under development for NSCLC and their major clinical findings are summarized in Table 1.


Table 1 | ADCs approved for NSCLC and major clinical findings.
	Target
	ADCs
	Approved indications
	Key clinical research results



	HER2
	Trastuzumab Deruxtecan (T-DXd)
	Advanced NSCLC with HER2 mutation (second-line treatment)
	DESTINY-Lung01: ORR 55%, mPFS 8.2 months, mOS 17.8 months; The ORR in the Destiny-Lung 02:5.4 mg/kg dose group was 49%, and the risk of ILD was lower (14.9% vs 32%).


	HER2
	Trastuzumab Emtansine (T-DM1)
	HER2 exon 20 insertion mutation NSCLC (second-line)
	Phase II trial: ORR 38.1%, mPFS 2.8 months, mOS 8.1 months; The incidence of grade ≥ 3 TEAEs was 14.3%


	TROP2
	Sacituzumab Govitecan (SG)
	Advanced NSCLC (late-line treatment)
	Single-arm trial (n = 54): ORR 17%, mPFS 5.2 months, mOS 9.5 months; Grade ≥ 3 neutropenia is 28%


	HER3
	Patritumab Deruxtecan (HER3-DXd)
	Egfr-tki-resistant EGFR-mutated NSCLC (Under development
	Herthena-lung 01: ORR 39%, mPFS 5.4 months; The incidence of grade ≥ 3 TEAEs is 64% (thrombocytopenia is common)


	c-MET
	Telisotuzumab Vedotin (Teliso-V)
	c-MET overexpression NSCLC (Under development)
	LUMINOSITY trial: The ORR of the high-expression group was 35%, and the mPFS was 10.0 months. The incidence of peripheral neuropathy is 30%












4 Combination of ADCs with immunotherapy



4.1 Mechanism of ADCs boosting immune response

One of the key points of this review is to elaborate on the mechanisms of ADCs and immunotherapy and evaluate their combination. ADCs modulate immune activity via a multifaceted mechanism involving the liberation of tumor-associated antigens upon malignant cell lysis, stimulation of dendritic cells (DCs) and other APCs, and subsequent orchestration of downstream immune activation pathways (73). This cascade potentiates adaptive antitumor immunity through coordinated antigen presentation and T-cell priming (74). The core mechanism of ADCs targets specific antigens on tumor cell surfaces, delivering cytotoxic drugs that induce tumor cell death (75). This cell death releases various antigens, including tumor-associated antigens (TAAs) and neoantigens, into the TME. These exposed antigens serve as targets for the immune system, initiating an anti-tumor immune response. Antigen-presenting cells (APCs), such as dendritic cellsand macrophages, play crucial roles in capturing and processing these tumor antigens. DCs internalize tumor antigens via receptors like C-type lectin receptors and present them to T cells as peptide-MHC complexes, which activate a specific immune response. DCs activate cytotoxic T cells (CD8+ T cells) through MHC-I molecules and helper T cells (CD4+ T cells) through MHC-II molecules. Helper T cells assist the immune response by secreting cytokines (e.g., IL-2, IFN-γ) that support CD8+ T cells and B cells (76).

Macrophages also engulf tumor antigens and present them to T cells, further enhancing the immune response (77). Additionally, macrophages regulate the immune microenvironment by secreting cytokines, such as IL-12 and TNF-α, which help amplify the immune response (78, 79). The immunomodulatory sequelae of antibody-drug conjugates (ADCs) transcend direct tumoricidal activity, engendering a dual-phase immunological cascade that orchestrates both immediate neoplastic eradication and durable anti-tumor memory. Mechanistically, ADC-mediated cytotoxicity liberates tumor-associated antigens, which prime clonal expansion of memory T- and B-lymphocyte populations endowed with epigenetic and transcriptional plasticity to mount accelerated anamnestic responses against antigenically related recurrences. This adaptive memory phenotype is further potentiated by ADC-driven immune checkpoint modulation, which circumvents T-cell exhaustion through PD-1/PD-L1 axis disruption.

Concomitantly, ADCs exhibit direct dendritic cell (DC) agonism via structural integration of antibodies targeting co-stimulatory receptors on APCs, such as CD40 or CD11c (80, 81). These immuno-optimized ADC variants function as synthetic DC maturation ligands, inducing upregulation of MHC class II, CD80/86, and CCR7 to enhance migratory competence and T-cell co-stimulation. Furthermore, ADC-induced immunogenic cell death (ICD) releases damage-associated molecular patterns (DAMPs), including HMGB1 and HSPs (82), which act as endogenous adjuvants by binding TLR2/4 and scavenger receptors on DCs. This initiates a paracrine signaling cascade involving type I interferons and IL-12, thereby amplifying cytosolic antigen processing and cross-presentation via MHC-I pathways.

Emerging paradigms leverage spatiotemporal coordination between ADC payloads and immune agonists. For example, protease-activated TLR7/8 ligands conjugated to tumor-targeting antibodies enable tumor site-restricted activation of DCs, minimizing systemic cytokine storms. However, challenges persist, including TME-driven immunosuppression via regulatory T-cell infiltration and adenosine-mediated DC paralysis. To address this, next-generation bispecific ADCs incorporate TGF-β traps or CD39 inhibitors to counteract immunosuppressive circuits while maintaining payload delivery (83). ES014 is a pioneering anti-CD39xTGF-β bispecific antibody (bsAb) that simultaneously targets the adenosine and TGF-β pathways, which are key immunosuppressive mechanisms within the tumor microenvironment (TME). By concurrently blocking CD39 and TGF-β, ES014 inhibits the production of immunosuppressive adenosine, promotes the accumulation of immunostimulatory ATP, and neutralizes the immunosuppressive cytokine TGF-β. Its mechanism involves the targeted delivery of the TGF-β “trap” to CD39-expressing immune cells, thereby blocking adenosine generation through CD39-mediated hydrolysis and reversing TGF-β-induced immunosuppression. This action restores anti-tumor immunity (84). It is worth noting that ES014 can promote the transformation of macrophages in malignant pleural effusion collected from lung cancer patients from the M2 to M1 phenotype, manifested as increased CD86 expression and decreased CD163 expression on CD11b+ cells, which preliminarily indicates its potential in anti-immunosuppression (84). However, as in the ongoing Phase I clinical study, the anti-tumor immune activity of ES014 requires further clinical trial support, despite its good tolerance in cynomolgus monkeys.




4.2 Research on the combined application of ADCs and immune checkpoint inhibitors

The combination of immunotherapy and ADC is the current trend in clinical practice, so it is necessary to evaluate their combination and summarize the challenges involved. The combination of ADCs and immune checkpoint inhibitors is currently a promising cancer therapy (85). Immune checkpoint inhibitors, including PD-1/PD-L1 and CTLA-4 antagonists, effectively reverse the immune evasion mechanisms employed by tumor cells, thereby enhancing the body’s immune response against malignancies, thereby enhancing the antitumor activity of T cells. However, their use alone has certain limitations, including limited efficacy in certain patients and immunotolerance in some tumors (86). In these cases, ADCs can play a critical role in enhancing the immune response in two ways: first, by directly killing tumor cells, which exposes additional tumor antigens and strengthens immune recognition; and second, by assisting immune checkpoint inhibitors in overcoming immune escape mechanisms.

When combined with ADCs, immune checkpoint inhibitors can activate previously suppressed T cells, further improving the immune system’s ability to clear tumors. This combination strategy helps overcome tumor immune evasion by amplifying the anti-tumor immune response. The DNA damage fragments caused by ADC can activate the cGAS-STING pathway in tumor cells, produce type I interferon, attract and activate CD8+ T cells and NK cells, transform “cold tumors” into “hot tumors”, and effectively overcome monotherapy resistance of PD-1/PD-L1 (87).

Tumor mutational burden (TMB), which refers to the total number of mutations present within a tumor’s genome, plays a crucial role in determining the immune system’s ability to recognize and attack cancer cells. Generally, tumors with a high TMB are more likely to produce a greater number of tumor-specific antigens, which in turn prompts a stronger immune response (88). Consequently, tumors characterized by high TMB generally exhibit a more favorable response to immune checkpoint inhibitors. Conversely, tumors with low TMB are often associated with a diminished or suboptimal therapeutic response to these treatments (89). In such cases, ADCs can increase TMB by directly targeting tumor cells and inducing cell death, thereby exposing more antigens and further enhancing the immune response, which supports the combined use of immune checkpoint inhibitors.

Thus far, no significant evidence has emerged suggesting that the combination of ICIs with T-DXd (90), Dato-DXd (91), or sacituzumab-govitecan (92) leads to an enhanced risk of toxicity. Notably, the inclusion of ICIs does not seem to exacerbate the occurrence of ILD linked to these ADCs therapies (93). The ongoing Phase III randomized trials (NCT05629585, NCT05382286, and NCT05633654) are positioned to enhance our understanding of this issue. These investigations are expected to shed light on the toxicity profiles and interaction dynamics of combination therapies involving ICIs and ADCs. The current clinical progress of combining various ADCs with ICIs for NSCLC treatment is summarized in Table 2.


Table 2 | Clinical research progress of ADCs combined with ICIs in the treatment of NSCLC.
	ADCs
	Combined immunotherapy drugs
	Key therapeutic outcomes



	Trastuzumab Deruxtecan (T-DXd)
	Nivolumab (PD-1 Inhibitor)
	Her2-positive solid tumors: ORR 63% (significant response in the NSCLC subgroup)


	Datopotamab Deruxtecan (Dato-DXd)
	Durvalumab (PD-L1 Inhibitor)
	a/mTNBC: ORR 77% (NSCLC under expansion)14.3%


	Sacituzumab Govitecan (SG)
	Pembrolizumab (PD-1 Inhibitor)
	Metastatic urothelial carcinoma: ORR 34%


	Patritumab Deruxtecan (HER3-DXd)
	Osimertinib (EGFR-TKI)
	Egfr-mutated NSCLC: Preliminary ORR >50%











5 Pharmacokinetics and Pharmacodynamics of ADCs



5.1 Absorption, distribution, metabolism and excretion of ADCs

ADCs have a large molecular weight and cannot be effectively absorbed through the gastrointestinal tract; therefore, they are typically administered intravenously (94). Intravenous administration ensures the integrity of ADCs and their rapid distribution throughout the body, via the blood circulatory system, however, a negligible proportion of the administered dose (About 1-2%) of the ADC is effectively delivered to the tumor cells. It also avoids the first-pass effect that may occur when taken orally, ensuring near 100% bioavailability (95). ADCs can release cytotoxic metabolites through two distinct mechanisms: uncoupling and catabolism. Both metabolic pathways typically occur concurrently in the body. The predominant pathway is influenced by various factors, including the stability of the linker, the binding site, and the overall drug load (96).

ADCs typically have a long half-life (ranging from a few days to a week), allowing the drug to remain in the body for an extended period, thereby providing a sustained anti-tumor effect. Due to the structural similarity between ADC and antibodies, the distribution of ADC in the body mirrors that of antibodies and is influenced by many of the same physiological processes. ADC is primarily distributed in the skin, lungs, liver, kidneys, and other tissues (97). The immunoglobulin moiety in ADCs confers precise antigen recognition precision, enabling selective accumulation within malignant tissues through binding to cell membrane-bound tumor-associated antigens. Subsequent intratumoral localization is augmented by the Enhanced Permeability and Retention (EPR) phenomenon (98), a pathophysiological hallmark of neoplastic vasculature. This mechanism exploits the structural aberrations of tumor-associated blood vessels, characterized by hyperpermeable endothelial linings and impaired lymphatic drainage, thereby facilitating enhanced extravasation and prolonged retention of macromolecular therapeutics within the TME (99). However, the size of the EPR effect and the vascular structure of the tumor influence its efficacy across different tumor types. Targeted distribution of the drug can significantly enhance its local concentration in tumor tissue and reduce exposure to normal tissues, thereby minimizing side effects (100).

Systemic ADC concentration levels critically regulate biodistribution patterns, with supraoptimal therapeutic doses potentially inducing antigen saturation at neoplastic sites due to excessive extravascular diffusion. Conversely, subtherapeutic dosing restricts spatial distribution to anatomical regions exhibiting elevated target expression density or heightened vascular permeability—a phenomenon governed by tissue-specific pathophysiological characteristics (101).

ADC is eliminated via metabolic and excretory processes, representing the terminal phase of ADME. The systemic decline in ADC drug concentrations within biological systems predominantly arises from the decomposition of the antibody component, a process mediated by enzymatic activity and supplementary metabolic pathways.

The liver and kidneys are key organs responsible for the metabolism and elimination of drugs. The processes by which drugs are cleared from the body are generally classified into three main categories: metabolic transformation, bile secretion, and renal excretion. Fc receptor-mediated endocytosis is a key mechanism by which the liver clears ADCs. In hepatocytes or related immune cells, ADC is initially endocytosed into endosomes, followed by transfer to lysosomes, where it is degraded into antibody fragments and linker-payload complexes under acidic conditions and protease activity. The released drug payload or its conjugates are further metabolized in liver cells through the oxidative metabolism of cytochrome P450 enzymes (particularly CYP3A4), yielding more polar, easily excreted metabolites (102). After metabolic processing in the liver, the metabolites, now converted into highly water-soluble compounds, enter the intestine primarily via bile and are ultimately excreted in the feces. The molecular weight and polarity of the fully metabolized drug payload, along with certain linker degradation products in the liver, are reduced, these resultant small-molecule metabolites, characterized by their high water solubility, are subsequently filtered through the glomeruli into the urine (103). Some ADCs and their metabolites may also be transported and cleared via the lymphatic system.




5.2 Influencing factors

The PK and PD profiles of ADCs are primarily influenced by the characteristics of the antibody, the linker, and the drug payload. A comprehensive understanding of how each of these components contributes to the overall behavior of the ADC is crucial for optimizing its therapeutic efficacy and minimizing potential safety concerns. In the following sections, we delve into the impact of the antibody structure, linker design, and drug loading on both the PK and PD properties of ADCs, exploring the intricate interplay between these factors.



5.2.1 Effect of antibodies on PK and PD of ADCs

The glycosylation of the antibody moiety, the structure of the Fc region, and the mode of conjugation of the antibody to the linker all affect its stability in vivo and plasma half-life (104). The most commonly used antibody type is IgG1, it usually has a long half-life (about 2–3 weeks), which helps to prolong the exposure time of the drug in the body and improve the therapeutic effect (105). An antibody’s immunogenicity plays a crucial role in its clearance rate within the body. Increased immunogenicity can lead to early immune-mediated clearance, diminishing the drug’s effectiveness. Additionally, the origin of the antibody (e.g., humanized, chimeric, or murine) and the extent of “humanization” directly influence the likelihood of anti-drug antibody (ADA) formation. The presence of ADAs can alter pharmacokinetic profiles significantly and reduce the therapeutic benefit (106).

The glycosylation patterns and aggregation state of antibodies also impact their recognition as “foreign substances” and their subsequent clearance. Aggregated antibodies are typically cleared more rapidly and are associated with higher immunogenicity. By engineering antibodies to reduce their immunogenicity and aggregation, the in vivo longevity of ADCs can be extended, thereby improving the effectiveness of targeted therapy.




5.2.2 Effect of linkers on PK and PD of ADCs

Non-cleavable linkers are known for their exceptional stability in systemic circulation, showing minimal cleavage in plasma. This robust stability minimizes the risk of premature payload release, thereby offering a broader safety margin (107). On the other hand, cleavable linkers, such as hydrazone, disulfide, Val-cit, and β-glucosidase-sensitive linkers (108), can rapidly degrade under the conditions present in the TME or in response to specific enzymes or reducing agents within cells. This degradation facilitates the release of the drug payload, often in its native or nearly native form, which enhances therapeutic efficacy, particularly through the bystander effect (31, 92). Nevertheless, while cleavable linkers offer these advantages, they also pose a higher risk of premature payload release in plasma, potentially leading to increased toxicity.




5.2.3 Effect of cytotoxic payloads on PK and PD of ADCs

Higher DAR values can enhance the cytotoxicity of each ADC molecule by allowing each antibody to carry a greater drug load. However, excessively high DAR values may result in the uncontrolled release of drug loads, leading to nonspecific toxicity to normal cells and potentially reducing the therapeutic efficacy of ADCs (109). Therefore, optimizing the DAR is crucial. Studies have shown that a moderate DAR value (typically between 3 and 6) can balance the anti-tumor effect and safety of the drug, maximizing the therapeutic potential of ADCs (101).





5.3 Emerging technologies shaping ADC pharmacokinetics and efficacy

Recent advancements in ADCs have prompted significant innovations aimed at enhancing their PK properties and therapeutic efficacy. The development of novel linkers, payloads, and conjugation techniques has enabled a more precise and targeted delivery of cytotoxic agents to cancer cells, improving the therapeutic index of ADCs.

One of the most promising technological strides is the development of site-specific conjugation. This technique ensures the attachment of cytotoxic payloads to specific sites on the antibody, improving drug stability and minimizing off-target effects. Site-specific conjugation allows for a more controlled and consistent drug-to-antibody ratio (DAR), which directly impacts the pharmacokinetics and efficacy of the ADC. By optimizing the DAR, the conjugate can achieve an ideal balance between tumor-targeting potency and minimizing systemic toxicity (110).

Another key area of innovation is the design of novel payloads. Traditional payloads, such as microtubule inhibitors and DNA-damaging agents, have been effective but come with significant limitations in terms of resistance and off-target toxicity. In response, new classes of payloads, including immune-modulating agents and protease-targeting payloads, are being incorporated into ADCs. These payloads not only enhance the therapeutic efficacy but also aim to overcome common resistance mechanisms, such as alterations in drug metabolism and antigenic loss (111, 112).

Moreover, condition-activatable ADCs are gaining attention as a strategy to further enhance the pharmacokinetics of ADCs. These constructs are designed to remain inert in circulation and are activated only upon reaching the tumor microenvironment, where specific enzymatic or pH changes trigger payload release. This controlled activation minimizes systemic exposure and enhances the targeted delivery of the cytotoxic agent, reducing adverse effects while maximizing tumor kill (113).

These innovations not only improve the precision and potency of ADCs but also provide avenues to overcome resistance and enhance therapeutic outcomes in cancer treatment.





6 Resistance mechanisms and strategies in ADCs therapy

The mechanisms underlying drug resistance in ADCs are complex and multifactorial, involving a series of interconnected processes such as alterations in target antigen expression, inactivation of drug payloads, modifications in endocytic pathways, lysosomal dysfunction, disruption of drug release mechanisms, and the influence of the TME. A key resistance mechanism in ADCs is the downregulation of target antigen expression following prolonged exposure to the drug. For instance, reduced HER2 expression was observed in T-eob-DM1-resistant tumor cells, and restoring HER2 expression could reverse the resistance of this cell line to T-eob-DM1 (114). Conversely, the overexpression of target antigens can also limit the effectiveness of ADCs (115).

The internalization of antibodies into tumor cells occurs upon binding to target antigens, facilitated by diverse endocytic pathways. However, subsequent rapid recycling of the antibody-antigen complex can hinder its delivery to lysosomes, where effective drug release requires the transfer of the ADC to this compartment. Upon reaching the lysosome, the cytotoxic agent is typically liberated through chemical or enzymatic cleavage (116). However, resistance may arise when elevated lysosomal pH disrupts the proteolytic environment, inhibiting the cleavage of payloads such as T-DM1 (117).

Another resistance mechanism involves the inability of the cytotoxic agent to effectively traverse from the lysosomal lumen to the cytoplasm, particularly in ADCs with non-cleavable linkers. In these cases, the lysosomal membrane’s impermeability to catabolites necessitates specialized transport mechanisms to shuttle the cytotoxic agents into the cytosol (118). The overexpression of ATP-binding cassette (ABC) transporters in cells leads to the efflux of drugs, thereby reducing the cytotoxic efficacy of anticancer agents. This mechanism is a significant contributor to the development of multidrug resistance (MDR) in human cancers. ABC can use ATP hydrolysis to produce energy to pump the load in the cytoplasm out of tumor cells, leading to tumor multi-resistance to chemotherapy drugs (119). Tumor cells can acquire ADC resistance through the mutation of the target of load (120). In the process of load-induced apoptosis, other related protein mutations can also lead to cell resistance. Currently, addressing the resistance of ADC drugs through combination strategies involving ADCs, chemotherapy drugs, anti-HER2 targeted therapies, and immune checkpoint inhibitors (ICIs), along with the development of new drugs, has become a key focus.




7 Safety and toxicity management of ADCs

The following is a summary of the common adverse reactions of ADC drugs and their mechanisms, and the table is attached (Table 3).


Table 3 | Adverse reactions, clinical manifestations, and key mechanisms of drug toxicity.
	Adverse reaction
	Clinical manifestations
	Key mechanisms



	Hematologic Toxicity
	Neutropenia, anemia, thrombocytopenia
	The instability of the linker in circulation leads to the release of “free” cytotoxic drugs, which enter the bone marrow progenitor cells and inhibit proliferation.
Some ADC targets are expressed on normal hematopoietic cells, which can directly mediate cellular uptake and cause toxicity.


	Gastrointestinal Toxicity
	Nausea, vomiting, diarrhea, constipation
	Intestinal epithelial cells are sensitive to cytotoxic drugs, and free drugs released in circulation damage the mucosa through passive diffusion or bystander effect.


	Interstitial Lung Disease
	Dry cough, dyspnea, hypoxia
	Macrophage uptake of ADC activates an inflammatory response


	Peripheral Neuropathy
	Sensory disturbance, muscle weakness
	Microtubule inhibitors MMAE interfere with neuronal axon transport, leading to axonal degeneration.
Fc receptor-mediated neuronal damage


	Hepatic Toxicity
	Elevated ALT/AST, liver dysfunction
	Some targets are expressed on hepatocytes, causing direct toxicity.
Accumulation in the liver after non-specific release of the drug carrier through circulation


	Cardiotoxicity
	Reduced LVEF, heart failure
	Microtubule inhibitors interfere with cardiomyocyte contractile function.
The target antigen was expressed in cardiomyocytes.


	Infusion-Related Reactions
	Fever, chills, hypotension
	The Fc region of the antibody binds to the immune cell FcγR and induces mast cell degranulation.


	Dermatologic Toxicity
	Rash, alopecia, hand-foot syndrome
	Payload inhibition of keratinocyte proliferation.
Immune complex deposition triggers cytokine release, leading to inflammation





ADC, antibody-drug conjugate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LVEF, left ventricular ejection fraction; MMAE, monomethyl auristatin E.






8 Future perspectives and innovative directions

ADCs is an effective cancer treatment method. The next generation of ADCs will go beyond merely targeting single antigens and delivering cytotoxic agents. The therapeutic landscape of ADCs has diversified to encompass innovative architectures such as bispecific targeting platforms, conditionally activatable constructs, immunomodulatory variants, proteolysis-targeting conjugates, and dual-payload systems (121). Each modality is strategically engineered to circumvent specific limitations in oncology therapeutics, offering tailored mechanisms to address tumor heterogeneity, drug resistance, and microenvironmental complexity.

Precise tumor stratification based on genomic and molecular characteristics has emerged as a key focus in the clinical application of ADCs. The identification of driver mutations (such as EGFR and HER2) and antigen expression profiles (such as TROP2 and Claudin18.2) through comprehensive pan-cancer genomic analysis (e.g., the PCAWG project) can enhance target selection and predict treatment outcomes (122). The effectiveness of Sacituzumab govitecan in EGFR-mutated NSCLC, with an ORR of 55% (63), highlights the potential of mutation status as a biomarker. Research has shown that EGFR mutations can enhance the internalization of antibody-drug conjugates (ADCs) by tumor cells, which in turn improves the efficiency of lysosomal drug delivery. This enhancement leads to a significant increase in drug sensitivity, as evidenced by a 180-fold reduction in the IC50 value (from 15.31 μg/mL to 0.085 μg/mL). Additionally, dynamic monitoring of drug resistance, such as through liquid biopsy, along with the use of combination therapies (e.g., PD-1 inhibitors and PARP inhibitors), offers further potential for improving therapeutic outcomes.

However, the path to personalized ADC therapy is still fraught with challenges. A key hurdle is the comprehensive understanding of drug resistance mechanisms, particularly those that involve the downregulation of target antigens. Another significant issue lies in the complexity of integrating multi-omics data to better inform treatment decisions. Furthermore, the high cost of these therapies remains a barrier to widespread access, particularly for patients in underserved populations.

To address these issues, the development of personalized ADC approaches, using strategies like AI-driven target-payload matching and modular manufacturing technologies (such as WuXiDAR4™), will be pivotal in advancing the field. This shift from traditional “broad-spectrum” cancer treatments to more tailored and precise “targeted elimination” strategies has the potential to revolutionize cancer therapy, ensuring more effective and individualized treatment options for patients.




9 Conclusion

In conclusion, ADCs have emerged as a promising therapeutic approach in the treatment of NSCLC, demonstrating substantial progress in both preclinical studies and clinical trials. The combination of monoclonal antibodies, which precisely target tumor cells, with potent cytotoxic agents has significantly improved the specificity and efficacy of cancer therapies, all while minimizing systemic toxicity. ADCs like trastuzumab deruxtecan and sacituzumab govitecan have shown encouraging results, particularly in tumors with specific molecular alterations such as HER2 and TROP2 expression.

Furthermore, the combination of ADCs with ICIs presents an exciting opportunity to overcome immune evasion and enhance overall treatment efficacy, marking an important advancement in cancer immunotherapy. However, several challenges remain, including the development of drug resistance, effective management of toxicity, and the inherent heterogeneity of tumors. Tackling these issues will require continued innovation in ADC design, exploration of more effective combination therapies with immunotherapies, and investigation into novel ADC formats. Personalized medicine, supported by advanced genomic profiling, holds the potential to optimize ADC therapies, allowing for more tailored and effective treatments for NSCLC.

Looking toward the future, the prospects for ADCs in the treatment of NSCLC seem highly promising. Ongoing clinical trials are likely to refine these therapies and could establish them as a cornerstone of NSCLC treatment. The continued evolution of ADC technology, paired with a deeper understanding of resistance mechanisms and better patient selection strategies, will be essential in realizing the full potential of these therapies.
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