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Abstract

The development of targeted therapy with small-molecule tyrosine kinase inhibitors and immunotherapy

with immune checkpoints inhibitors has ushered in the era of precision medicine in treating lung cancer, which
remains the leading cause of cancer-related deaths worldwide. Both targeted therapy and immunotherapy have
significantly improved the survival of patients with metastatic non-small-cell lung cancer (NSCLC). Additionally, recent
groundbreaking studies have demonstrated their efficacy in both the perioperative setting and following concurrent
chemoradiotherapy in early-stage NSCLC. Despite significant advancements in first-line treatment options, disease
progression remains inevitable for most patients with advanced NSCLC, necessitating the exploration and optimiza-
tion of subsequent therapeutic strategies. Emerging novel agents are expanding treatment options in the first-line
setting and beyond. Recently, emerging bispecific antibodies have shown enhanced efficacy. For instance, amivan-
tamab has been approved as a treatment for epidermal growth factor receptor (EGFR)-mutant NSCLC, including those
with EGFR exon 20 insertion mutations. Additionally, antibody-drug conjugates (ADCs), including HER2-targeting
trastuzumab deruxtecan, TROP2-targeting ADCs, HER3-targeting patritumab deruxtecan, and MET-targeting telisotu-
zumab vedotin, have demonstrated promising outcomes in several clinical trials. This review summarizes the recent
advancements and challenges associated with the evolving NSCLC therapeutic landscape.

Keywords Biomarkers, Non-small-cell lung cancer, NSCLC, Antibody-drug conjugates, Bispecific antibodies, Targeted

therapy, Immune checkpoint inhibitors

Po-Lan Su and Naoki Furuya have contributed equally to this work.

*Correspondence:

Kai He

kai.he@osumc.edu

! Division of Medical Oncology, Department of Internal Medicine, The

Ohio State University Comprehensive Cancer Center, College of Medicine,

The Ohio State University Wexner Medical Center, Columbus, OH, USA
2 Department of Internal Medicine, National Cheng Kung University
Hospital, College of Medicine, National Cheng Kung University, 138
Sheng-Li Rd., North District, Tainan 704, Taiwan

3 Division of Respiratory Medicine, Department of Internal Medicine, St.
Marianna University School of Medicine, Kawasaki, Japan

* Pelotonia Institute for Immuno-Oncology, The Ohio State University
Comprehensive Cancer Center — James Cancer Hospital and Solove
Research Institute, The Ohio State University, Columbus, OH, USA

B BMC

Background

Lung cancer remains the leading cause of cancer-related
deaths worldwide, with non-small-cell lung cancer
(NSCLC) accounting for more than 85% of cases [1].
Approximately 20 years ago, the discovery of epidermal
growth factor receptor (EGFR) tyrosine kinase inhibi-
tors (TKIs) and subsequent biomarker studies that
identified the role of EGFR mutations in cancer etiol-
ogy marked the beginning of the precision medicine era
in lung cancer [2, 3]. Since then, numerous oncogenic
driver mutations have been identified in lung cancer
patients [4], and the use of TKIs in treating lung can-
cer has expanded significantly (Fig. 1). Additionally, the
NSCLC treatment landscape changed with the intro-
duction of immune checkpoint inhibitors (ICIs) that
target the programmed death-1 (PD-1)/programmed
death-ligand 1 (PD-L1) axis and the B7 family protein/
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Fig. 1 Major categories of therapeutic treatments for NSCLC. A Targeted therapies inhibit oncogenic receptor tyrosine kinases and their
downstream signaling pathways, thereby suppressing tumor survival signals. B Immune checkpoint inhibitors, such as those targeting PD-1/PD-L1,
B7/CTLA-4, and related pathways, restore T-cell function by reversing exhaustion, enhancing cytotoxic activity, and modulating the tumor immune
microenvironment. C Bispecific and bifunctional antibodies simultaneously target molecules such as EGFR and MET, PD-1 and VEGF, or PD-1

and TIM-3, thereby reducing ligand-receptor interactions, promoting receptor degradation, and inducing antibody-mediated cellular cytotoxicity. D
Antibody-drug conjugates deliver precise chemotherapeutic agents via cancer-specific antigen-targeting antibodies, enabling a bystander effect

to eliminate neighboring cancer cells

cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
axis. Over the last few years, ICIs have become the back-
bone of NSCLC treatment for patients without onco-
genic driver mutations in both the early and metastatic
settings [5]. However, treatment options in the second
line and beyond remain limited, with various novel com-
pounds such as antibody—drug conjugates (ADCs) [6]

and bispecific antibodies [7] currently under investiga-
tion (Fig. 1). Despite NSCLC’s molecular heterogeneity,
these innovations and the complex drug development
landscape are biomarker agnostic. Efforts to identify
prognostic and predictive biomarkers of response are
a cornerstone for continuing progress in precision
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medicine. In this review, we examine recent advance-
ments in therapeutic strategies and biomarkers for
NSCLC.

Recent advances in targeted therapy

Common EGFR-mutant NSCLC

Metastatic disease

Treatment with EGFR-TKIs, including gefitinib and
erlotinib (first generation) and afatinib and dacomitinib
(second generation), has shown superior responses com-
pared to chemotherapy for EGFR-mutant NSCLC with
the classic sensitizing mutation EGFR L858R and EGFR
exon 19 deletion [8, 9]. The phase 3 AURA3 study estab-
lished osimertinib (a third-generation irreversible TKI)
as an effective second-line therapy for patients with
acquired T790M mutations, the most common acquired
resistance to first- and second-generation TKIs [10].
To improve first-line treatment, the phase 3 FLAURA
study compared osimertinib to first-generation TKIs,
and showed significant improvement in progression-free
survival (PFS) (18.9 vs 10.2 months, P=0.02) and over-
all survival (OS) (38.6 vs 31.8 months, P=0.046), and
superior central nervous system (CNS) clinical activity
with not reached (NR) CNS PFS (NR vs 13.9 months,
P=0.014)P=[11-13]. These findings established osi-
mertinib as the standard-of-care first-line treatment for
patients with common EGFR-mutant NSCLC. However,
patients inevitably develop acquired resistance to osi-
mertinib, leading to disease progression. Broadly, mech-
anisms of resistance can be grouped into 3 categories:
on-target EGFR-dependent, off-target EGFR-independ-
ent, and histological transformation. An understand-
ing of these mechanisms is important when considering
new treatment strategies for treatment-naive patients
and those who progress after initial treatment with
osimertinib.

Mesenchymal-epithelial transition (MET) amplifica-
tion is the most common off-target independent mech-
anism of resistance [14]. Currently, emerging clinical
trials are evaluating the efficacy of combination thera-
pies in this context. As an example, the single-arm phase
2 INSIGHT?2 study evaluated the addition of the MET
inhibitor tepotinib to osimertinib in patients with NSCLC
with EGFR mutations who progressed on osimertinib
because of MET amplification acquired resistance [15].
The objective response rate (ORR), the primary endpoint,
was 50.0% (95% confidence interval [CI] 39.7-60.3) in 49
evaluable patients, with a median duration of response
(DOR) of 8.5 months (95% CI 6.1-not estimable [NE]).
The PFES in the overall study population was 5.6 months
(95% CI 4.2-8.1) with a median OS of 17.8 months (95%
CI 11.1-NE), showing promising clinical activity [15].
Similarly, amivantamab, a novel bispecific antibody
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targeting both EGFR and MET, showed promising
efficacy in osimertinib-resistant and treatment-naive
NSCLC with classic EGFR mutations [16, 17]. In 2024,
the United States Food and Drug Administration (FDA)
approved the combination of platinum-based chemo-
therapy and amivantamab for patients with NSCLC with
classic EGFR mutations whose disease has progressed
on EGFR TKI treatment [18] and the combination of
lazertinib and amivantamab for patients with previously
untreated EGFR-mutant NSCLC [19]. Another bispecific
antibody targeting both PD-1 and vascular endothelial
growth factor (VEGF), ivonescimab, also showed prom-
ising efficacy in common EGFR-mutant NSCLC with
acquired resistance to osimertinib [20, 21].

To address acquired resistance to osimertinib and
improve first-line treatment efficacy, the phase 3
FLAURA?2 study investigated the addition of platinum-
based chemotherapy to osimertinib in comparison to
standard-of-care osimertinib monotherapy [22]. The
combination therapy showed a significant improve-
ment in PFS compared to osimertinib alone (29.4 vs
19.9 months; hazard ratio [HR]: 0.62; 95% CI 0.48-0.80;
P=0.0002); however, OS is still immature [22]. The
PES benefit appeared across all predefined subgroups,
including age, sex, race, smoking status, and type of
EGFR mutation, and the benefit was more profound
among patients with brain metastases at baseline (24.9
vs 13.8 months) [22]. Despite the clinical benefit, the
combination led to a higher rate of treatment-related
adverse events (AEs) than the monotherapy (grade>3:
54% vs 11%; serious AEs: 19% vs 5%), which needs to be
considered. Even so, the FDA approved the combina-
tion of osimertinib and platinum-based chemotherapy
in the first-line setting. Subsequent post-hoc analysis
revealed that the presence of baseline circulating tumor
DNA (ctDNA) is a poor prognostic biomarker but could
predict the higher therapeutic benefit for the combina-
tion of osimertinib and chemotherapy when compared
to osimertinib monotherapy [23]. More studies are
warranted to define the optimal biomarker for stratify-
ing patients to receive different treatment modalities—
including osimertinib monotherapy, the osimertinib
and chemotherapy combination, or lazertinib combined
with amivantamab—as well as to identify the resistance
mechanisms and optimal second-line therapy for patients
who received first-line combination osimertinib and
chemotherapy.

Resectable early-stage disease

Based on the clinical benefit of EGFR TKIs in meta-
static settings, their role also was evaluated in early-stage
EGFR-mutant NSCLC. In the adjuvant settings, the phase
3 ADAURA study investigated osimertinib for 3 years
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compared to placebo following adjuvant platinum-based
chemotherapy in resectable NSCLC. This study met its
primary endpoint of disease-free survival (DFS) (median
DEFS: 65.8 vs 21.9 months; HR: 0.23; 95%; CI 0.18-0.30;
P<0.001) and showed an OS benefit (5-year OS: 85% vs
73%; HR: 0.49; 95% CI 0.33-0.73; P<0.001) [24, 25]. More
importantly, adjuvant osimertinib led to a lower rate of
CNS recurrence (HR: 0.24; 95% CI 0.14-0.42) [24]. Based
on the study result, the FDA approved osimertinib for
adjuvant therapy for patients with early-stage NSCLC
and common EGFR mutations after tumor resection,
paving the way for targeted therapy against actionable
mutations in adjuvant settings. However, many patients
in the treatment arm experienced disease recurrence
immediately after completing the 3-year course of osi-
mertinib, accompanied by a subsequent loss of CNS con-
trol [26]. This raises the important question of how long
patients should be treated with osimertinib. Given the
long-term AEs associated with osimertinib, particularly
cardiac risk [27], there is a need for predictive biomarkers
to determine the optimal treatment duration.

A post-hoc analysis of the ADAURA study data focus-
ing on molecular residual disease (MRD) was reported
recently at the 2024 American Society of Clinical Oncol-
ogy (ASCO) annual meeting. The analysis first identified
a patient-specific panel for detecting MRD. The baseline
MRD rates were 0%, 8%, and 13% among patients with
stages IB, II, and III NSCLC, respectively. The incidence
of baseline MRD was higher among patients who did not
receive adjuvant chemotherapy. Among patients without
baseline-detected MRD, more MRD events were identi-
fied in those receiving placebo (69%) than those receiving
adjuvant osimertinib (25%). For patients with baseline-
detected MRD, 100% of those receiving placebo relapsed
during the first 3 years and 80% of those receiving osi-
mertinib experienced disease recurrence, with 2 cases
occurring during treatment and 2 after treatment [28].
These results suggest that the presence of MRD might be
an indicator for extended treatment with osimertinib in
the adjuvant setting.

On the other hand, studying osimertinib in the neo-
adjuvant setting showed underwhelming results. Aredo
et al. evaluated the efficacy of neoadjuvant osimertinib
up to 8 weeks prior to surgical resection of stage I-IITA
EGFR-mutant NSCLC [29]. In this phase 2 study, the
major pathological response (MPR) rate was approxi-
mately 15% with no observed pathologic complete
response (pCR) and a median DFS of 32.4 months (95%
CI 25.9-NR) [29]. These results indicate the impor-
tance of its combination with chemotherapy; the ongo-
ing phase 3 NeoADAURA study is comparing the
treatment efficacy of neoadjuvant combination osimerti-
nib and chemotherapy with neoadjuvant osimertinib or
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chemotherapy alone (NCT04351555). Further biomarker
analysis revealed that co-occurring RBM10 mutations
may interfere with treatment response, and YAP1 activa-
tion could drive tumor growth, presenting potential tar-
gets for combination therapy [29].

Unresectable early-stage disease

Following the PACIFIC trial, durvalumab has become
the standard of care for patients with stage III unresect-
able NSCLC receiving concurrent chemoradiation with-
out progression; however, patients with EGFR-mutant
NSCLC still derive less benefit from consolidative dur-
valumab [30]. A retrospective study involving patients
with stage III NSCLC indicated that the presence of an
EGFR mutation is a poor prognostic factor [31]. Subse-
quent analysis revealed that among patients with stage III
unresectable NSCLC, durvalumab did not provide a sur-
vival benefit, whereas EGFR-TKI consolidation resulted
in significant benefits [32, 33]. In the phase 3 LAURA
trial, which enrolled patients with stage III unresectable
EGFR-mutant NSCLC, those who received osimertinib
had a PES of 39.1 months (95% CI 31.5-NR) —signifi-
cantly longer than the control group’s PFS of 5.6 months
(95% CI 3.7-7.4, P<0.001) [34]. Currently, the use of osi-
mertinib in the consolidative setting after chemoradio-
therapy is under FDA review.

Taken together, the findings from the LAURA and
ADAURA trials highlight the fact that targeted ther-
apy improves the outcome of early-stage EGFR-mutant
NSCLC. Future studies are warranted to identify bio-
markers for de-escalating treatment and balancing
survival, quality of life, and medical costs. Current thera-
peutic strategies for patients with common EGFR muta-
tions are summarized in Fig. 2.

KRAS-mutant NSCLC

KRAS mutation is the most prevalent oncogenic driver
mutation in NSCLC, accounting for 30% of cases, with
the most frequent mutations occurring in codons 12
and 13 [35]. Developing targeted therapy for KRAS
has been challenging due to the molecule’s round and
smooth surface and its high affinity for guanosine
triphosphate (GTP) [35]. Two FDA-approved KRAS
inhibitors, sotorasib and adagrasib, were developed
to target the inactive conformation of the KRAS pro-
tein [36, 37]. The single-arm phase 2 clinical trials of
sotorasib [38] and adagrasib [39] established their effi-
cacy in patients with pretreated KRAS G12C-mutant
NSCLC and also identified KEAP1 as a poor prognostic
co-occurring mutation. At the 2-year follow-up of the
KRYSTAL-1 study of adagrasib, patients with co-occur-
ring TP53 mutations had the longest OS of 18.7 months
(95% CI 11.3-27.0), followed by those with CDKN2A
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First-line treatment

Advanced NSCLC
with common EGFR Osimertinib
mutation

Osimertinib + Chemotherapy

Lazertinib + Amivantamab

Advanced NSCLC
with EGFR exon 20 Amivantamab + Chemotherapy
insertion

Curative-intent treatment

Early-stage unresectable
NSCLC with common
EGFR mutation

Early-stage resectable
NSCLC (=stage IB) with
common EGFR mutation
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Second-line treatment

Chemotherapy + Amivantamab

Chemotherapy + lvonescimab

Osimertinib + therapies targeting MET or
other acquired oncogenic driver mutations

Physician’s discretion

Physician’s discretion

Chemotherapy or Physician’s discretion

Chemotherapy or Physician’s discretion

Consolidative/Adjuvant treatment

Definitive CCRT : Consolidative osimertinib
Surgery Adjuvant osimertinib

Fig. 2 Proposed therapeutic strategies for patients with common EGFR mutation. ADC, antibody-drug conjugate; CCRT, concurrent

chemoradiotherapy; MET, mesenchymal-epithelial transition

mutations (13.0 months; 95% CI 1.6-20.8), STK11
mutations (9.2 months; 95% CI 5.0-12.7), and KEAP1
mutations (5.7 months; 95% CI 3.6-9.2) [40]. Despite
their success in the phase 3 clinical trials CodeBreak
200 [41] and KRYSTAL-12 [42], the PFS for both drugs
was only around 6 months, indicating a need for fur-
ther investigation into combination therapies.

The CodeBreak 100/101 study investigated the effi-
cacy of combining sotorasib with pembrolizumab or
atezolizumab in KRAS G12C inhibitor-naive patients
with KRAS G12C-mutant NSCLC, revealing that over
30% of patients experienced >grade 3 hepatitis [43].
Another multicenter retrospective study enrolling
patients with advanced KRAS G12C-mutant NSCLC

also demonstrated a threefold higher risk of severe
hepatitis with sequential use of PD-1 inhibitors and
sotorasib [44]. These findings limit the use of the soto-
rasib-pembrolizumab combination.

In contrast, the phase 2 KRYSTAL-7 trial demon-
strated that the combination of adagrasib and pem-
brolizumab provided an ORR of 63% and a disease
control rate (DCR) of 84% among treatment-naive
patients with KRAS G12C-mutant NSCLC and PD-L1
expression higher than 50%, with treatment-related
hepatic events occurring in less than 10% of patients
[45]. An ongoing phase 3 trial is comparing concur-
rent adagrasib and pembrolizumab vs pembrolizumab
monotherapy for treatment-naive patients with KRAS
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G12C-mutated NSCLC and PD-L1 expression>50%
(NCT04613596).

Since the combination of sotorasib and ICIs is asso-
ciated with a higher risk of AEs, another combination
strategy is combining sotorasib with platinum doublet
chemotherapy. The phase 1b CodeBreak 101 study evalu-
ated the combination of chemotherapy and sotorasib,
reporting an ORR of 65% in treatment-naive and 54% in
pretreated patients with KRAS G12C-mutant NSCLC,
without additional AEs [46]. Currently, the ongoing phase
3 CodeBreak 202 trial aims to compare this combination
with chemoimmunotherapy in treatment-naive patients
with KRAS G12C-mutated NSCLC (NCT05920356).

In addition to the development of combination ther-
apy based on sotorasib and adagrasib, multiple KRAS
G12C inhibitors are being investigated. For instance,
divarasib (GDC-6036) has demonstrated more favora-
ble therapeutic efficacy in patients with KRAS G12C-
mutant NSCLC. In the NSCLC cohort of the phase 1
study evaluating divarasib’s efficacy, the ORR was 53.4%
and the median PFS was 13.1 months [47]. The ongo-
ing phase 3 KRASCENDO 1 study will compare the
efficacy of divarasib with sotorasib and adagrasib in
patients with pretreated KRAS G12C-mutant NSCLC
(NCT06497556). Broadly, new agents and strategies
targeting KRAS G12C and other mutations for treat-
ing KRAS-mutant NSCLC and other cancers are being
vigorously investigated, leading to the expansion of the
potential options to improve patient outcomes [48].

ALK fusion-positive NSCLC

Since the identification of the anaplastic lymphoma
kinase (ALK) fusion protein, several ALK TKIs have
been developed [49]. Second-generation ALK TKIs have
become the mainstay of treatment due to their signifi-
cantly extended PFS and higher intracranial response
rates [49]. The third-generation ALK TKI, lorlatinib, has
also been proven to be an effective second-line treat-
ment for patients with acquired resistance to second-
generation ALK TKIs [50]. However, sequential use of
second- to third-generation ALK TKIs can induce com-
pound mutations, leading to lorlatinib resistance [51].
The resistance mediated by compound mutations might
be addressed by fourth-generation ALK TKIs, such as
NVL-655 [52] and TPX-0131 [53, 54]. In the phase 1/2
ALVOKE-1 study using NVL-655, the ORR was 38%
(39/103) in the overall population, including 37% (16/43)
among patients who had received at least 3 prior lines
of ALK TKIs, including second- and third-generation
ALK TKIs. More importantly, the ORR was 58% (15/26)
in patients harboring compound mutations, which sup-
ports the role of NVL-655 in this patient population [55].
NVL-655 also exhibited an intracranial response rate of
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50% (1/2) among patients who were lorlatinib naive and
15% (2/13) among patients who received prior lorlatinib
therapy [55].

The phase 3 CROWN study evaluated the efficacy of
first-line lorlatinib [56]. In the updated long-term report,
the ORR was 81% (95% CI 73-87%), and the median
PES remains unreached after 5 years [56]. Notably, upon
acquired resistance, no ALK kinase domain mutations
emerged, which might explain the extremely long PES
and imply lower tumor heterogeneity [56]. This obser-
vation potentially supports the first-line use of lorlatinib
rather than its sequential use. The FDA has approved lor-
latinib as a first-line treatment option for ALK-positive
NSCLC.

Similar to EGFR-mutant NSCLC, there is an increas-
ing focus on clinical trials for early-stage ALK-positive
NSCLC. The phase 3 ALINA study aims to compare the
treatment efficacy between adjuvant alectinib and chem-
otherapy [57]. In this study, DFS remains unreached in
patients with stage II-IIIA or stage IB-IIIA disease (the
intention-to-treat population); the DFS in both patient
groups was significantly longer than in those receiving
placebo [57]. Additionally, the incidence of distant recur-
rence was significantly decreased (2.3% vs 17.3%) in the
alectinib group [57]. Despite the excellent treatment
outcomes and FDA approval of alectinib as an adjuvant
therapy, several questions remain that require further
investigation. These include the optimal treatment dura-
tion, AE management, and OS benefit.

ROS1 fusion-positive NSCLC
The c-ROS1 proto-oncogene is a member of the human
receptor tyrosine kinase family and was first identified
as a fusion variant, SLC34A2-ROS1 and CD74-ROS1, in
NSCLC cell lines [58]. Since ROS1 shares a high degree
of amino acid sequence homology in the kinase domain
with ALK [59], several ALK-TKIs have demonstrated
efficacy in treating patients with ROS1 fusion-positive
NSCLC, including crizotinib [60, 61], lorlatinib [62, 63],
and entrectinib [64, 65]. Despite the promising response
to targeted therapy, disease progression is inevitable,
with the solvent-front mutation G2032R emerging as
the most prevalent acquired resistance mechanism in
patients with ROS1 fusion-positive NSCLC [66]. While
the solvent mutation G1202R in the ALK kinase protein
can be treated with the third-generation ALK TKI lorla-
tinib [67], the response rate with lorlatinib for patients
with the acquired ROS1 G2032R mutation was 0% [62].
Repotrectinib, a next-generation TKI targeting both
ROS1 and TRK, has demonstrated clinical activity and
manageable safety in patients with ROS1 fusion-posi-
tive NSCLC in the pivotal phase 1/2 TRIDENT-1 trial
(NCT03093116). Among TKI-naive ROS1 fusion-positive
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NSCLC patients, the response rate was 79% (95% CI
68—88%), the DOR was 34.1 months (95% CI 25.6-NE),
and the median PFS was 35.7 months (95% CI 27.4-NE).
For patients previously treated with ROS1 TKIs, the
response rate was 38% (95% CI 25-52%), the DOR was
14.8 months (95% CI 7.6-NE), and the median PFS was
9.0 months (95% CI 6.8—-19.6) [68]. Notably, for patients
with the acquired G2032R mutation, the response rate
with repotrectinib was 59% (95% CI 33-82%), which is
significantly better than the historical data with lorlat-
inib. Additionally, most AEs were manageable, with only
3% of patients discontinuing repotrectinib due to them
[68]. These data suggest that repotrectinib can be an out-
standing choice for first-line therapy and can effectively
overcome the common acquired resistance mechanism
in ROS1 fusion-positive NSCLC. Based on these results,
repotrectinib was approved by the FDA for ROS1 fusion-
positive NSCLC in 2024.

Foritinib is another potential ROS1 tyrosine kinase
inhibitor (TKI) that has demonstrated promising tumor-
suppressive effects in preclinical studies using nude mice
bearing BaF3/CD74-ROS16G2032R xenografts [69]. In a
phase 2 single-arm study evaluating the therapeutic effi-
cacy of foritinib, the ORR was 94% (16/17) in ROS1 inhib-
itor-naive patients and 40% (10/25) in patients who had
previously received a ROS1 inhibitor [70]. In an explora-
tory analysis of patients with CNS metastases at baseline,
the ORR was 100% (5/5) in ROS1 inhibitor-naive patients
and 40% (6/15) in previously treated patients [70]. These
findings support foritinib as a promising first-line treat-
ment for ROS1 fusion-positive NSCLC. Further investi-
gation is warranted, particularly in patients with acquired
G2032R resistance mutations.

NTRK fusion-positive NSCLC

Despite the excellent treatment responses demonstrated
by entrectinib and repotrectinib for patients with neuro-
trophic tyrosine receptor kinase (NTRK) fusion-positive
solid tumors [71-74], disease progression remains inevi-
table, as the solvent-front mutation is a major acquired
resistance mechanism [74]. Since repotrectinib could tar-
get both ROS1 and NTRK, patients with NTRK fusion-
positive solid tumors were also enrolled in the pivotal
phase 1/2 TRIDENT-1 study. Among patients with TKI-
naive NTRK fusion-positive NSCLC, the response rate to
repotrectinib was 58% (95% CI 41-73%), the 12-month
DOR was 86% (95% CI 71-100%), and the 12-month
PES was 56% (95% CI 40-72%). For patients previously
treated with NTRK TKIs, the response rate was 50%
(95% CI 35-65%), the 12-month DOR was 39% (95%
CI 16-62%), and the 12-month PFS was 22% (95% CI
8-36%) [75].
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The response rate to repotrectinib was similar to
patients who received entrectinib or larotrectinib as first-
line therapy. More importantly, for patients with acquired
solvent mutations, the response rate to repotrectinib
was 60% (95% CI 39-79%), the 12-month DOR was 33%
(95% CI 7-58%), and the 12-month PFS was 21% (95% CI
4-39%) [75]. Approximately 7% of patients discontinued
repotrectinib due to treatment-related AEs. These results
indicate that repotrectinib is a very promising second-
line therapy for NTRK fusion-positive solid tumors.

MET exon 14 skipping NSCLC

The MET exon 14 skipping mutation results in the loss of
the juxtamembrane domain of the MET protein, leading
to a loss of self-regulatory function and the constitutive
activation of oncogenic signaling [76]. There are 2 FDA-
approved MET TKIs, capmatinib and tepotinib, that are
effective for this subgroup of patients [77-79]. Recently,
another MET TK]I, savolitinib, was evaluated in a phase
3b study, demonstrating an ORR of 58.6% (95% CI
47.6—69.1), a PFS of 13.8 months (95% CI 9.7-NR), and
a 12-month OS of 77.9% (95% CI 67.5-85.3), with toler-
able AEs [80]. The response rate was consistent across all
types of exon 14 skipping subtypes, including base sub-
stitution, insertion/deletion, splice site alteration, and
whole exon deletion [80]. An alternative approach for
MET exon 14 skipping is amivantamab, which is a bispe-
cific antibody.

HER2-mutant NSCLC

About 3-5% of patients with NSCLC have a human epi-
dermal growth factor receptor 2 (HER2) mutation; more
than 80% of these mutations are due to an exon 20 inser-
tion [81]. Poziotinib was evaluated in the ZENITH20
study, demonstrating an ORR of 30% and a PFS of
5.6 months in patients with HER2-mutant NSCLC who
received at least 2 prior therapies [82]. The treatment
outcome was similar with treatment-naive patients with
HER2-mutated NSCLC [83]. Additionally, the ORR was
consistent regardless of the types and sequences of prior
treatments, including anti-HER2 antibodies and ADCs,
suggesting that poziotinib might be a potential salvage
therapy option [82]. However, the relatively low intrac-
ranial response rate (22.2%) [84], aggressive toxicity pro-
files, and high dose interruption rate limited its clinical
application.

Emerging small molecules targeting HER2 mutation
were recently reported at the International Associa-
tion for the Study of Lung Cancer (IASLC) 2024 World
Conference on Lung Cancer (WCLC). The phase la/1b
BEAMION LUNG-1 study evaluated the treatment effi-
cacy of zongertinib (BI1810631), a small-molecule HER2
TKI, demonstrating an ORR of 73.9% with minimal
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toxicity (less than 10% experienced grade >3 AEs) [85].
The updated analysis from the phase la cohort further
revealed encouraging survival results, with median PFS
of 13.8 months (2.3-NR) and 12.3 months (7.6-17.2)
among patients with a twice-a-day escalation dosage and
a once-a-day escalation dosage, respectively [86]. Sub-
sequent analysis from the phase 1b cohort further dem-
onstrated comparable ORRs (72.4% vs 78.2%) between
patients who received 120 mg and 240 mg of zongerti-
nib, with similar and manageable AE profiles [87]. These
data suggest that zongertinib could be another potential
promising treatment option in the future. The ongoing
phase 3 BEAMION LUNG-2 study will compare zonger-
tinib with the standard of care as a first-line treatment for
patients with HER2-mutated NSCLC (NCT06151574).

Another promising small-molecule inhibitor is BAY
2927088, a reversible TKI that potently targets acti-
vating HER2 mutations in preclinical models [88]. In
the expansion cohort of the phase 1/2 SOHO-01 study,
which enrolled pretreated patients with HER2-mutated
NSCLC, BAY 2927088 demonstrated rapid and durable
responses, with an ORR of 72.1% and a median PFS of
7.5 months [89]. The outcomes were even more favorable
among patients with HER2 YVMA insertions, showing
an ORR of 90.0% and a median PFS of 9.9 months [89].
These data support the ongoing phase 3 SOHO-02 trial,
which compares BAY 2927088 with the standard of care
as a first-line treatment for patients with HER2-mutated
NSCLC (NCT06452277). In addition to small-molecule
targeted therapy, an alternative approach for HER2 muta-
tion is the ADC trastuzumab deruxtecan (further dis-
cussed in “Traztuzumab deruxtecan” section). Table 1
summarizes the clinical efficacy of targeted therapy in
representative trials.

Clinical activity of targeted therapies for CNS metastases

in NSCLC harboring driver mutations

Some patients with metastatic NSCLC have CNS metas-
tases that exhibit resistance to standard cytotoxic chem-
otherapy due to the blood—brain barrier (BBB), which
restricts the penetration of systemically administered
agents into the CNS and brain lesions. Molecularly tar-
geted therapies serve as crucial treatment options for
CNS metastases, particularly in patients harboring spe-
cific driver mutations. Certain targeted therapies have
demonstrated improved CNS penetration, enabling them
to overcome the BBB and reach metastatic brain lesions
[90]. Targeted therapies including osimertinib, alectinib,
lorlatinib, and others are well known with strong CNS
bioavailability. However, the optimal strategy of targeted
therapy for CNS metastases in NSCLC harboring driver
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mutations is still evolving and is a key clinical question of
interest to thoracic oncologists.

In metastatic EGFR-mutated NSCLC, the results
from the FLAURA study demonstrated that osimertinib
has clinical efficacy for CNS metastasis. The combina-
tion of osimertinib with platinum pemetrexed showed
superior CNS efficacy compared to osimertinib mono-
therapy, delaying CNS progression (HR 0.58, 95% CI
0.43-1.04) and improving the intracranial complete
response rate (59% vs. 43%) in the FLAURA2 study
[91].

For patients with metastatic ALK fusion-positive
NSCLC, alectinib and lorlatinib demonstrated superior
CNS activity and significantly delayed CNS progression
compared to crizotinib in subgroup analyses of 2 phase
3 studies, including the ALEX [92] and the CROWN
studies [93]. The next-generation ALK inhibitor
NVL-655 also demonstrated a promising intracranial
response rate of 50% in the lorlatinib naive subgroup
and 15% in the lorlatinib-pretreated subgroup [55].

For metastatic ROS1 fusion-positive NSCLC, lor-
latinib achieved an intracranial response rate of 64%
among TKI-naive patients and 50% among crizotinib-
pretreated patients [62]. An updated integrated analysis
of 3 phase 1/2 studies—ALKA-372-001, STARTRK-1,
and STARTRK-2—demonstrated a promising intracra-
nial response rate of 79.2% with entrectinib [94]. Addi-
tionally, entrectinib has shown potential as a salvage
therapy for patients with ROS1 fusion-positive NSCLC
who experience CNS-only progression following cri-
zotinib treatment [95]. The next-generation ROS1 TKI
repotrectinib has also exhibited a favorable intracranial
response rate, with 89% in TKI-naive patients and 38%
in TKI-pretreated patients [68]. These data support the
role of entrectinib and repotrectinib in achieving opti-
mal CNS control in ROS1 fusion-positive NSCLC.

On the other hand, the clinical activity of KRAS G12C
inhibitors in CNS metastases appears to be limited
compared to EGFR and ALK inhibitors. In the Code-
BreaK 200 phase 3 study, sotorasib exhibited promis-
ing clinical activity in a small subset of patients with
CNS metastases (#=40 in the sotorasib arm, n=29 in
the docetaxel arm). The median time to CNS recur-
rence was 9.6 months with sotorasib versus 5.4 months
with docetaxel (HR 0.84, P=0.37) [96]. In a preclinical
mouse model bearing intracranial KRAS G12C-mutant
NSCLC xenografts, adagrasib demonstrated good CNS
penetration, with increased drug concentrations in
plasma, cerebrospinal fluid, and brain tissue, correlat-
ing with antitumor activity [97]. In the KRYSTAL-1
phase 1/2 study, adagrasib achieved an intracranial
ORR of 42% in patients with CNS metastases [98].
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Table 1 Representative clinical trials for targeted therapies in NSCLC
Study Patients Treatment ORR (%) mPFSor HR for mOS HR for mOS >G3 AE Refs.
mDFS mPFS/ (months) (%)
(months) mDFS
FLAURA Treatment-naive Osimertinib 80 189 046 386 0.80 34 [11-13]
EGFR-mutant SoC (erlotnib 76 100 [037-057)  31g [0.64-100] 45
advanced NSCLC or gefitinib)
FLAURA2 Treatment-naive Osimerti- 83 294 0.62 $79% 0.90 54 [22]
EGFR-mutant nib+CT [0.48-0.80] [0.65-1.24]
advanced NSCLC  oimertinib 76 199 573% 1
MARIPOSA Treatment-naive Lazerti- 86 237 0.70 $74% 0.80 75 7]
EGFR-mutant nib+amivan- [0.58-0.85] [0.61-1.05]
advanced NSCLC ~ tamab
Osimertinib 85 16.6 $69% 43
INSIGHT2 Osimertinib-resist-  Osimerti- 50 56 17.8 [15]
ant EGFR-mutant  nib+tepotinib
NSCLC
CHRYSALIS Osimertinib-resist-  Lazerti- 36 49 4 [137]
ant EGFR-mutant  nib+amivan-
NSCLC (combina-  tamab
tional cohort)
CHRYSALIS-2 NSCLC [141]
with uncommon
EGFR mutations
Total popula- Lazerti- 52 11
tion nib+amivan-
tamab
Treatment- Lazerti- 57 19.5
naive nib+amivan-
tamab
TKl-pretreated  Lazerti- 48 7.8
nib+amivan-
tamab
PALMOMA-3 Osimertinib- Lazerti- 27 6.1 0.84 NR 062 52 [142]
and chemother- nib+amivan- 27 43 [064-1.10] NR [042-092] 56
apy-pretreated tamab (s.c.)
EGFR-mutant Lazerti-
advanced NSCLC  nib+amivan-
tamab (i.v.)
HARMONI-A Osimertinib-resist-  [vo- 50.6 7.1 615 [20]
ant EGFR-mutant  nescimab+CT 354 4.8 49.1
NSCLC Placebo+CT
ADAURA Resectable Osimertinib 68.5 *85% [24]
early-stage EGFR-  Placebo 219 *73%
mutant NSCLC
(=stage IB)
LAURA Unresectable Osimertinib 39.1 [34]
early-stage EGFR-  Placebo 56
mutant NSCLC
CodeBreak100 KRAS®'?“-mutant  Sotorasib 371 6.8 125 19.8 (36]
advanced NSCLC
refractory to CT
and PD-1/PD-L1
Ab
KRYSTAL-1 KRAS®'?C-mutant  Adagrasib 429 6.5 126 448 [37]

advanced NSCLC
refractory to CT
and PD-1/PD-L1
Ab
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Table 1 (continued)
Study Patients Treatment ORR (%) mPFS or HR for mOS HR formOS >G3 AE Refs.
mDFS mPFS/ (months) (%)
(months) mDFS
CodeBreak200 KRAS®'?“-mutant  Sotorasib 28.1 56 106 33 [41]
advanced NSCLC  Docetaxel 132 45 11.3 40
refractory to CT
and PD-1/PD-L1
Ab
KRYSTAL-12  KRASSC-mutant  Adagrasib 319 55 47 [42]
advanced NSCLC  Docetaxel 9.2 38 457
refractory to CT
and PD-1/PD-L1
Ab
Code- KRAS G12C Sotorasib+ate- 20 8.1 30 [43]
Break100/101  inhibitor-naive zolizumab
KRASC'“-mutant  (lead-in)
advanced NSCLC  soiorasib+ate- 20 1.5 60
zolizumab
(concurrent)
Sotora- 37 NR 53
sib+ pembroli-
zumab (lead-in)
Sotora- 32 14.1 79
sib+pembroli-
zumab (concur-
rent)
CodeBreak KRAS G12C [46]
101 inhibitor-naive
KRAS®'%“-mutant
advanced NSCLC
First-line Sotorasib+CT 65 10.8 49
Second-line Sotorasib+CT 54 83 57
KRYSTAL-7 Treatment-naive Adagra- 63 NR 5 [45]
KRASC'2“-mutant  sib+pembroli-
advanced NSCLC ~ zumab
with PD-L1>50%
GO42144 KRAS®'?“-mutant  Divarasib 56.4 13.1 18 [47]
advanced NSCLC
CROWN Treatment-naive Lorlatinib 76 NR 0.28 NR 0.72 58 [56]
ALK-rearranged Crizotinib 58 93 [0.19-041]  NR [041-1.25] 47
advanced NSCLC
ALVOKE-1 Pre-treated [55]
ALK-rearranged
advanced NSCLC
Total popula- NVL-655 38
tion
>3 prior ALK-TKI  NVL-655 37
Lorlatinib-naive  NVL-655 53
Prior lorlatinib ~ NVL-655 76
G1202R muta-  NVL-655 49
tion
Compound NVL-655 58

mutation
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Table 1 (continued)
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Study Patients Treatment ORR (%) mPFS or HR for mOS HR formOS >G3 AE Refs.
mDFS mPFS/ (months) (%)
(months) mDFS
ALINA Resectable early- [57]
stage ALK-rear-
ranged NSCLC
Stage I-IIIA Alectinib NR 0.24 29.7
[0.13-045]
cT 444 30.8
Stage IB-lIIA Alectinib NR 0.24 598 4% 0.22
[0.13-043] [0.08-0.58]
cT 413 85.8%
Profile1001 ROS1-rearranged  Crizotinib 72 19.2 514 36 [60, 61]
advanced NSCLC
Phase 2 study  ROS1-rearranged [62,63]
of lorlatinib advanced NSCLC
TKI-naive Lorlatinib 81 NR 43
Crizotinib- Lorlatinib 46 139
pretreated
Integrated ROS1-rearranged  Entrectinib 77 19.0 34 64, 65,72,
analysis advanced NSCLC 73]
of ALKA- NTRK-rearranged  Entrectinib 57 11.0 210
372-001, advanced NSCLC
STARTRK-1,
and STAR-
TRK-2
Integrated NTRK-rearranged  Larotrectinib 79 283 444 39 [71,74]
analysis of 3 advanced NSCLC
phasel/2
studies
TRIDENT-1 ROS1-rearranged [68, 75]
advanced NSCLC
TKl-naive Repotrectinib 79
(TPX-0005)
Prior ROS1TKI  Repotrectinib 38 357
(TPX-0005)
G2032R muta-  Repotrectinib 59 9.0
tion (TPX-0005)
NTRK-rearranged
advanced NSCLC
TKI-naive Repotrectinib 58 50%
(TPX-0005)
Prior NTRKTKI  Repotrectinib 50 #22%
(TPX-0005)
Solvent-front Repotrectinib 60 #219%
mutation (TPX-0005)
SAF001 ROS1-rearranged [70]
advanced NSCLC
TKI-naive Foritinib 94
TKl-naive Foritinib 100
with CNS mets
Prior ROS1TKI  Foritinib 40
Prior ROS1 TKI Foritinib 40

with CNS mets
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Table 1 (continued)
Study Patients Treatment ORR (%) mPFS or HR for mOS HR formOS >G3 AE Refs.
mDFS mPFS/ (months) (%)
(months) mDFS
GEOMETRY Advanced NSCLC [77,79]
mono-1 with MET exon 14
skipping
Cohort 4 (previ- Capmatinib 41 54 46.4 75
ously treated)
Cohort 5b Capmatinib 68 124 66.9 75
(treatment
naive)
VISION cohort  Advanced NSCLC [78]
A with MET exon 14
skipping
Tissue-biopsy  Tepotinib 62 11.0
Liquid-biopsy  Tepotinib 56 8.5
Phase Advanced NSCLC  Savolitinib 586 13.8 [80]
3b study with MET exon 14
of savolitinib  skipping
ZENITH-20 HER2-mutant [82, 83]
advanced NSCLC
Cohort2 (=2  Poziotinib 39 56
prior treat-
ment)
Cohort 4 Poziotinib 30 56
(treatment
naive)
BEAMION HER2-mutant [86, 87]
Lung-1 advanced NSCLC
Cohort 1a Zongertinib 13.8 9.6
twice-a-day 12.3
escalation
Zongertinib
once-a-day
escalation
Cohort 1b Zongertinib 724 15.2
120 mg 782
Zongertinib
240 mg
SOHO-1 HER2-mutant [88, 89]
advanced NSCLC
Total popula- BAY 2927088 72.1 7.5 409
tion BAY 2927088 90 9.9
YVMA inser-
tions
Phase 1/1b EGFR-mutant Osimerti- 50 74 32 [186]
study of teli- ~ advanced NSCLC  nib +telisotu-
sotuzumab with acquired zumab vedotin
vedotin resistance to osi-

mertinib

Ab, antibodies; CT, chemotherapy; G3 AE, grade 3 adverse event; HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; NSCLC, non-
small cell lung cancer; ORR, objective response rate; SoC, standard of care; TKI, tyrosine kinase inhibitor

#1-year progression-free survival

$ 2-year overall survival rate

*5-year overall survival rate

Recent advances in immunotherapy

Perioperative immunotherapy for early-stage lung cancer

The implementation of neoadjuvant or adjuvant immu-
notherapy has been shown to improve DFS among
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Table 2 Summary of clinical trials focusing on perioperative immunotherapy combinations
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Clinical trial CheckMate-816 CheckMate-816  CheckMate-77 T AEGEAN KEYNOTE -671 NEOTORCH
(Arm Q) (Arm A,
terminated
prematurely)
Phase 3 3 3 3 3 3
Stage IB-IIIA IB-IIA II-111B II-111B [I-11B 111l
No. patients 358 215 452 800 786 404
Experimental arm  Nivolumab+CT 3 Nivolumab 3 Nivolumab+CT 4 Durvalumab+CT 4 Pembroli- Toripalimab+CT 3
cycles cycles+ipili- cycles cycles zumab+CT 4 cycles
mumab at cycle 1 cycles
Control arm CT alone CT alone CT alone CT alone CT alone CT alone
Primary endpoint  EFS, pCR, OS EFS, pCR, OS EFS MPR, EFS EFS MPR, EFS
MPR (%) 36.9vs 89 283vs 148 354 vs12.1 333vs 123 30.2vs 11.0 485vs 84
pCR (%) 240vs 2.2 204 vs 4.6 253 vs4.7 17.2vs 4.3 18.1vs 4.0 248vs1.0
Median EFS NR (31.6-NR) 54.8 (24.4-NR) NR (28.9-NR) NR (31.9-NR) 47.2 (32.9-NR) NR (NR-NR)
Vs Vs Vs Vs Vs Vs
21.1 (14.8-42.1) 20.9 (14.2-NR) 184 (13.6-28.1) 259 (18.9-NR) 18.3(14.8-22.1)  15.1 (10.6-21.9)
2-year OS 82.7% 82.0% 80.9% 81.2%

CT, chemotherapy; EFS, event-free survival; pCR, pathologic complete response; OS, overall survival; MPR, major pathological response; NR, not reached. The

references are listed in the related description.

patients with early-stage NSCLC [99]. The combi-
nation of nivolumab and chemotherapy has dem-
onstrated improved DFS and OS in patients with
early-stage NSCLC without EGFR mutations or ALK
rearrangements, with pCR serving as the most impor-
tant predictive biomarker for better DFS and OS [100].
Similar findings were observed in clinical trials utilizing
nivolumab in combination therapy, including Check-
Mate 77 T [101] and NADIM?2 [102], and in trials using
other ICIs, such as durvalumab in the AEGEAN trial
[103], pembrolizumab in the KEYNOTE-671 trial [104],
and toripalimab in the NEOTORCH trial [105] (Table 2).
Currently, the ongoing IMPower030 trial aims to evalu-
ate the outcome of neoadjuvant atezolizumab com-
bined with chemotherapy [106]. An important question
remains regarding which subgroups of patients should
receive adjuvant immunotherapy. In the CheckMate 816
study, DFS was similar between the combination therapy
and chemotherapy monotherapy arms when stratified
by the presence of pCR [100]. In contrast, the KEY-
NOTE-671 study showed improved DFS in patients who
did not achieve pCR when receiving adjuvant pembroli-
zumab [104]. Recently, a cross-trial comparison between
CheckMate 816 and CheckMate 77 T demonstrated
superior DFS in the CheckMate 77 T study, with the sur-
vival benefit primarily observed in patients who did not
achieve pCR [107]. These findings suggest the need for
refined selection criteria for determining which patients
may benefit from adjuvant immunotherapy.

In the exploratory analysis of the CheckMate-816 trial,
patients with PD-L1 expression>1% exhibited a higher

PCR rate (32.6% vs 16.7%), better 3-year event-free sur-
vival (EFS) rate (72% vs 42%), and improved 3-year OS
rate (85% vs 71%) than those with PD-L1 expression < 1%
[108]. The combination of nivolumab and ipilimumab
also demonstrated promising neoadjuvant efficacy in the
CheckMate-816 study despite early closure of the immu-
notherapy combination arm [109]. In post-hoc analysis,
high expression of a 4-gene signature, including CD8A,
STAT1, LAG3, and CD274, was associated with better
EFS in patients receiving the neoadjuvant nivolumab-
ipilimumab combination [109].

Among patients with early-stage NSCLC, those with
N2 lymph node involvement represent the most compli-
cated subgroup; they typically require multidisciplinary
management [110-112]. In the exploratory analysis of
the phase 3 AEGEAN trial, the HR for EFS was 0.63 (95%
CI 0.43-0.90) among patients with N2 disease treated
with neoadjuvant durvalumab and chemotherapy, con-
sistent with the modified intent-to-treat population (HR:
0.68). The DEFS benefit was similar in both single-station
and multi-station disease (HR: 0.61 and 0.69, respec-
tively) [113].

Similarly, in the phase 3 CheckMate-77 T trial, the HR
for EFS was comparable between patients with stage III
NSCLC with N2 disease and those without N2 disease
(HR: 0.46 and 0.60, respectively) treated with a combi-
nation of neoadjuvant nivolumab and chemotherapy.
Additionally, a similar HR for EFS was observed between
patients with single-station and multi-station N2 dis-
ease (HR: 0.40 and 0.23, respectively) [114]. These stud-
ies demonstrate that the combination of neoadjuvant
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immunotherapy and chemotherapy could potentially
address this challenging patient population that was dif-
ficult to treat during the chemotherapy era, establish-
ing a new standard of care. The ongoing clinical trial
will evaluate the efficacy of neoadjuvant durvalumab in
combination with monalizumab, an anti-NKG2A mono-
clonal antibody; oleclumab, an anti-CD73 monoclonal
antibody; or danvatirsen, an anti-STAT3 antisense oli-
gonucleotide (NEOCOAST study, NCT03794544) [115];
it will also evaluate the efficacy of combining chemo-
therapy with dual immunotherapy—durvalumab plus
monalizumab or durvalumab plus oleclumab—and com-
bining chemotherapy with volrustomig, a bispecific anti-
body targeting both PD-1 and CTLA-4 (NEOCOAST-2,
NCT05061550) [116].

Subsequent studies have mainly focused on the role of
predictive biomarkers in the treatment efficacies of neo-
adjuvant therapy. The presence of an oncogenic driver
mutation is typically a poor prognostic factor for immu-
notherapy. In the subgroup analysis of patients with
EGFR-mutant NSCLC enrolled in the AEGEAN trial,
EFS was similar between those who received neoadjuvant
durvalumab plus chemotherapy and those who received
neoadjuvant chemotherapy alone [117]. These data sug-
gest that neoadjuvant chemoimmunotherapy may not be
suitable for these patients, and the role of targeted ther-
apy should be further evaluated.

In the 4-year follow-up of the CheckMate-816 trial,
the survival benefit of the treatment persisted across dif-
ferent chemotherapy backbones. Additionally, ctDNA
showed potential as a predictive biomarker. In the study,
43 patients in each group had detectable baseline ctDNA,
and the clearance rate after neoadjuvant treatment was
higher in the combination group (56% vs 35%). The clear-
ance of ctDNA was also associated with better OS in both
groups, indicating its predictive role for improved sur-
vival outcomes [118]. Similarly, in the exploratory ctDNA
analysis of the AEGEAN trial, neoadjuvant durvalumab
and chemotherapy resulted in a greater reduction in
median variant allele fraction (VAF) compared to chem-
otherapy monotherapy [119]. All patients who achieved
PCR and over 90% of patients who achieved MPR had
ctDNA clearance by cycle 4 [119]. ctDNA clearance with
neoadjuvant chemoimmunotherapy could be a potential
early-response biomarker to identify patients who benefit
from treatment before tumor resection.

There has been a similar finding in the adjuvant set-
ting. The phase 3 Impower010 trial evaluated the treat-
ment efficacy of adjuvant atezolizumab, which is FDA
approved to treat early-stage PD-L1-positive NSCLC
[120, 121]. Among the tumor mutational burden (TMB)-
evaluable population, patients with low TMB had poor
DES compared to those with high TMB, and adjuvant
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atezolizumab improved DEFS in both patients with high
and low TMB [122], suggesting the TMB is more likely a
prognostic biomarker. In the post-hoc analysis, the pres-
ence of the KRAS mutation did not affect the DFS benefit
from adjuvant atezolizumab [123]. Using a generalized
random forest model to evaluate RNA-sequencing data,
a gene signature associated with TGF[-mediated cancer-
associated fibroblasts (CAFs) was identified as the great-
est variable for predicting the benefit of atezolizumab
compared to the control arm [124]. Patients with a high
TGEP CAF gene signature expression had worse DFS
than those with low TGFp CAF gene signature expres-
sion in the control group, indicating that this marker is
a poor prognostic factor [124]. In contrast, patients in
the atezolizumab group had similar survival outcomes
regardless of high or low TGFB CAF gene signature
expression, indicating an improved outcome following
the administration of atezolizumab [124]. Further pro-
spective validation of these findings is warranted.

Consolidative immunotherapy for unresectable early-stage
lung cancer

Consolidative durvalumab has demonstrated significant
clinical benefit in patients with unresectable early-stage
NSCLC who did not experience disease progression fol-
lowing chemoradiotherapy, with a 5-year OS rate of
42.9% and a PFS rate of 33.1% [125]. However, subgroup
analyses indicate that the survival benefit is primarily
observed in patients with PD-L1 expression [125], leaving
the optimal therapeutic strategy for those without PD-L1
expression after chemoradiotherapy under debate. The
subsequent PACIFIC-2 trial further investigated the effi-
cacy of concurrent durvalumab with chemoradiotherapy
followed by consolidative durvalumab [126]. Unfortu-
nately, this trial did not demonstrate a significant clini-
cal benefit, and approximately one-quarter of patients
experienced AEs that led to the discontinuation of dur-
valumab [126]. The ongoing phase 3 CheckMate73L
study is evaluating the efficacy of concurrent nivolumab
and chemoradiotherapy followed by consolidative
nivolumab, with or without ipilimumab, in comparison
to the standard of care involving concurrent chemora-
diotherapy followed by consolidative durvalumab [127].
However, this study also revealed no PFS benefit when
adding nivolumab concurrently with definitive chemo-
radiotherapy [128]. In addition to exploring concurrent
immunotherapy, the phase 2 COAST study has shown
promising efficacy with the combination of durvalumab
and either monalizumab (an anti-NKG2A antibody) or
oleclumab (an anti-CD73 antibody) as consolidative ther-
apy, compared to durvalumab monotherapy [129]. Based
on these findings, the ongoing phase 3 PACIFIC-9 study
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aims to validate the clinical benefits of these combination
therapies [130].

Systemic immunotherapy for metastatic lung cancer

The implementation of immunotherapy has demon-
strated an OS benefit compared to chemotherapy [131,
132]. However, the response rate for ICI monotherapy
remains between 20 and 40% [131, 132], highlight-
ing the importance of combination therapy to improve
treatment outcomes. TIGIT is an immune checkpoint
molecule with a high affinity for its ligand poliovirus
receptor (PVR), which inhibits T-cell activation through
direct PVR signaling and inhibition of CD226 signaling
[133].

Despite the success of a phase 2 study showing
improved PFS among patients receiving the combina-
tion of atezolizumab and the anti-TIGIT tiragolumab
compared to atezolizumab alone [134], the phase 3
SKYSCRAPER-1 trial did not meet its primary end-
point of PFS benefit. Another anti-TIGIT agent was
investigated in the phase 2 ARC-7 trial, in which treat-
ment-naive patients with PD-L1-high-expressing meta-
static NSCLC were randomized into 3 groups to receive
either anti-PD-1 zimberelimab alone, zimberelimab plus
the anti-TIGIT domvanalimab, or zimberelimab plus
domvanalimab and the anti-adenosine receptor etru-
madenant [135]. Those receiving zimberelimab plus
domvanalimab, with or without etrumadenant, exhibited
longer PFS compared to those receiving zimberelimab
monotherapy, with tolerable AEs [135]. Ongoing phase 3
studies include ARC-10 (NCT04736173), evaluating the
treatment efficacy of zimberelimab plus domvanalimab
vs pembrolizumab; STAR-121 (NCT05502273), combin-
ing domvanalimab and zimberelimab plus chemotherapy
[136]; and SPLFIO-174, combining cemiplimab, a PD-1
inhibitor, with either S095018 (anti-TIM3 antibody),
S095024 (anti-CD73 antibody), or S095029 (anti-NKG2A
antibody), to treat patients with metastatic NSCLC
(NCT06162572).

Recent advances in bispecific antibodies

Bispecific antibodies, designed to simultaneously bind 2
antigens or epitopes, have emerged as a major anticancer
therapeutic strategy over the past 2 decades. Owing to
advances in protein engineering technologies and consid-
erable preclinical research efforts, bispecific antibodies
are constantly being developed and optimized to improve
their efficacy and mitigate toxicity [7].

Amivantamab

MET amplification has been identified as a key resist-
ance mechanism in patients with EGFR-mutant NSCLC
who receive first-line osimertinib, as well as in those
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with acquired T790M mutations treated with second-
line osimertinib [14]. Additionally, the presence of de
novo MET amplification compromises the therapeutic
efficacy of EGFR-TKIs, further supporting the ration-
ale for targeting MET in the upfront treatment setting
[137]. Amivantamab, an EGFR- and MET-targeting agent
developed via the DuoBody platform, is the only bispe-
cific antibody approved for NSCLC treatment [138].
Based on the results of the phase 1 CHRYSALIS study,
amivantamab is FDA approved as an effective second-
line treatment for NSCLC patients with exon 20 insertion
[138]. The subsequent phase 3 PAPILLON trial, which
evaluated the treatment efficacy of chemotherapy with or
without amivantamab, demonstrated that the combina-
tion therapy provided a significantly higher response rate
(73%; 95% CI 65—80%) and longer PFS (11.4 months; 95%
CI 9.8-13.7 months) than chemotherapy alone [139].
Consequently, this combination therapy has been FDA
approved as a first-line treatment strategy for NSCLC
patients with EGFR exon 20 insertion.

Amivantamab also provides promising efficacy in
NSCLC patients with common EGFR mutations. In the
phase 3 MARIPOSA study, which enrolled patients with
treatment-naive EGFR-mutant NSCLC, the combination
of lazertinib and amivantamab demonstrated significantly
better PFS (23.7 months; 95% CI 19.1-27.7 months) com-
pared to those receiving osimertinib (16.6 months; 95%
CI 14.8-18.5 months) or lazertinib alone (18.5 months;
95% CI 14.8—20.1 months) [17]. The HR for PFS was 0.68
(95% CI 0.56-0.83, P<0.001) among patients receiving
the combination of lazertinib and amivantamab com-
pared to those receiving osimertinib, with better OS (HR:
0.80, 95% CI 0.61-1.05) [17]. The combination of lazer-
tinib and amivantamab-vmjw was approved by the FDA
for the first-line treatment of locally advanced or meta-
static NSCLC with EGFR exon 19 deletions or exon 21
L858R substitution mutations.

In a secondary analysis of the MARIPOSA trial focus-
ing on high-risk patient subpopulations, the combination
of lazertinib and amivantamab provided a PFS benefit
over osimertinib among patients with brain metastasis
(HR: 0.69; 95% CI 0.53-0.92; P=0.010), liver metastasis
(HR: 0.58; 95% CI 0.37-0.91; P=0.017), TP53 co-muta-
tion (HR: 0.65; 95% CI 0.48-0.87; P=0.003), and detect-
able ctDNA (HR: 0.68; 95% CI: 0.53-0.86; P=0.002)
[140]. Brain metastasis is the major prognostic factor for
patients with EGFR-mutant NSCLC; an investigator-ini-
tiated phase 2 trial further demonstrated a good response
in intracranial lesions (40%; 95% CI 20-64%) and lep-
tomeningeal carcinomatosis (33%; 95% CI 15-57%),
which could support the broadening of enrollment crite-
ria in future clinical trials [141].
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Additionally, in the analysis of cohort C of the CHRYS-
ALIS-2 study, the ORR and PFS were 52% (95% CI
42-62%) and 11.1 months (95% CI 7.8-17.8), respec-
tively, among patients with NSCLC with uncommon
EGFR mutations treated with the combination of lazer-
tinib and amivantamab [142]. In the subgroup of treat-
ment-naive patients with NSCLC, the ORR and PFS
were 57% (95% CI 42-71%) and 19.5 months (95% CI
11.2-NR), respectively [142]. Notably, in the subgroup of
patients with TKI-pretreated NSCLC, the ORR and PFS
were 48% (95% CI 35—-62%) and 7.8 months (95% CI 5.4—
11.1), respectively, indicating that this combination could
also serve as a salvage therapy in patients with NSCLC
with uncommon EGFR mutations [142].

Given that intravenous amivantamab induces a high
incidence of infusion-related reactions, evaluating dif-
ferent dosage modalities is important. In the phase
3 PALOMA-3 study, patients with osimertinib- and
chemotherapy-pretreated EGFR-mutant NSCLC were
stratified to receive either subcutaneous or intravenous
amivantamab in combination with lazertinib [143]. The
subcutaneous administration of amivantamab demon-
strated pharmacokinetics and an ORR non-inferior to the
intravenous route. Moreover, subcutaneous dosing pro-
vided a numerically longer DOR (11.2 vs 8.3 months) and
PES (6.1 vs 4.3 months) and significantly longer OS (HR:
0.62; 95% CI 0.42—0.92; P=0.002) [143]. Importantly, the
incidence of infusion-related reactions (13% vs 66%) and
venous thromboembolism (9% vs 14%) were significantly
decreased with subcutaneous amivantamab [143]. This
study supports a more convenient and safer dosing route,
which is currently under FDA review.

Since MET is a target of amivantamab, its therapeutic
efficacy in MET-altered lung cancer was also evaluated
in the CHRYSALIS study cohort MET-2, providing an
ORR of 33%, a PFS of 5.4 months (95% CI 4.3-7.0), and
an OS of 15.8 months (95% CI 13.1-21.8) [144]. The ORR
was 50% (8/16) among treatment-naive patients, 46%
(13/28) among pretreated patients without exposure to
MET TKIs, and 21% (11/53) among MET TKI-pretreated
patients [144]. This result indicates that amivantamab
can target MET-exon-14-skipping NSCLC in both treat-
ment-naive patients and those with acquired resistance
to prior MET therapies despite a relative lower response
rate in the MET TKI-pretreated population [144].

Ivonescimab

The implementation of immunotherapy for patients with
EGFR-mutant NSCLC remains a significant challenge.
A meta-analysis of 3 phase 3 clinical trials that adminis-
tered ICIs as second-line treatments demonstrated that
patients with EGFR mutations do not respond effectively
to these inhibitors [145]. Similarly, the retrospective

Page 16 of 30

IMMUNOTARGET study revealed a response rate of
only 12% for patients with EGFR mutations [146].

Subsequently, 2 phase 3 clinical trials, CheckMate-722
[147] and Keynote-789 [148], attempted to combine
ICIs with chemotherapy for patients with EGFR-mutant
NSCLC who had acquired resistance to EGFR TKIs.
Unfortunately, both trials failed to show clinical benefits.
Previously, the combination of ICIs, chemotherapy, and
antiangiogenic therapy emerged as a potential treat-
ment strategy, as demonstrated by subgroup analysis of
patients with EGFR mutation in the IMpowerl50 trial
[149]; this trial showed clinical benefit over chemo-
therapy alone. This finding was further supported by
the ORIENT-31 trial using sintilimab, a PD-1 inhibitor,
in combination with chemotherapy and antiangiogenic
therapy [150], and the ATTLAS trial using atezolizumab
in combination with chemotherapy and antiangio-
genic therapy [151]. Taken together, the combination of
chemotherapy and ICIs did not provide sufficient effi-
cacy in treating patients with EGFR-mutant NSCLC who
acquired resistance to osimertinib. Instead, the combina-
tion of chemotherapy, ICIs, and antiangiogenic therapy
could be an alternative option.

A regimen with a similar concept was also reported at
ASCO 2024. A newly developed bispecific antibody, ivo-
nescimab, which targets both PD-1 and VEGE, showed
promising treatment efficacy in patients with EGFR-
mutant NSCLC [20]. Patients who received a combi-
nation of chemotherapy and ivonescimab had a PFS of
7.1 months (95% CI 5.9-8.7 months), significantly longer
than those who received chemotherapy alone (HR: 0.46;
95% CI 0.34-0.62) [20]. These results further support
the efficacy of combining chemotherapy with agents tar-
geting PD-1/PD-L1 and VEGF for patients with EGFR-
mutant NSCLC with acquired resistance to osimertinib.
However, additional clinical trials are warranted to com-
pare ivonescimab with other established antiangiogenic
agents, such as bevacizumab or ramucirumab, and ICIs
when combined with chemotherapy.

In addition to the post-osimertinib setting, the ongo-
ing HARMONI-2 trial is evaluating the efficacy of ivo-
nescimab monotherapy in patients with metastatic
NSCLC and PD-L1 of higher than 50%. The median PFS
for patients treated with ivonescimab was 11.14 months,
which was significantly longer than those receiving
pembrolizumab. Additionally, higher ORR (50.0% vs
38.5%) and DCR (89.9% vs 70.5%) were observed in the
ivonescimab group [152]. These findings are consistent
with previous phase 2 single-arm studies evaluating the
efficacy of combining atezolizumab and bevacizumab
as a first-line therapy in patients with NSCLC with high
PD-L1 expression [153]. These data further support the
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rationale for combining PD-1/PD-L1 inhibition with
antiangiogenic therapies.

Bispecific antibodies targeting dual immune checkpoints
Multiple bispecific antibodies targeting PD-1/PD-L1 and
CTLA-4 are being investigated. MEDI5752 (volrustomig)
is a PD-1 and CTLA-4 bispecific antibody [154]. In the
NSCLC cohort of a phase 1/2 first-in-human trial inves-
tigating the response and safety profile of volrustomig,
patients receiving 1500 mg of MEDI5752 combined with
chemotherapy showed significantly better PES and OS
than those receiving pembrolizumab and chemotherapy,
especially in patients with PD-L1 expression below 1%.
The ORR was similar between patients receiving 1500 mg
or 750 mg of MEDI5752 every 3 weeks, with fewer AEs
in the 750 mg group for a more flexible dosage strategy
[155]. There are ongoing phase 2 and 3 studies investigat-
ing MEDI5752-based combination therapy in patients
with either metastatic disease or surgically resectable
early-stage NSCLC. AK104 is an IgG1 scaffold Fc-engi-
neered humanized antibody that also targets PD-1 and
CTLA-4. In cohort A of the phase 1b/2 AK104-202 trial,
AK104 demonstrated an OS of 19.61 months in patients
with chemotherapy-pretreated, immunotherapy-naive
NSCLC [156]. This result supported the ongoing clinical
trials evaluating AK104, either alone or in combination
with chemotherapy, for patients with locally advanced or
metastatic NSCLC.

KNO046, a bispecific antibody that targets CTLA-4 and
PD-L1, could activate T cells in the tumor microenviron-
ment of PD-L1-expressing tumors [157]. KN046 mono-
therapy showed encouraging preliminary efficacy with
acceptable AEs among patients with NSCLC who failed
first-line chemotherapy [158], ICIs [159], or EGFR TKIs
[160] in phase 2 studies. The subsequent phase 2 KN406-
202 trial further revealed that the combination of chemo-
therapy and KN046 demonstrated efficacy (ORR of 46%,
PES of 5.8 months, and OS of 26.6 months) and accept-
able AEs in patients with NSCLC [161], which supports
the rationale for a phase 3 clinical trial.

Emerging bispecific antibodies targeting other immune
checkpoints are being evaluated for treating NSCLC.
For example, sabestomig (AZD7789), a bispecific anti-
body targeting PD-1 and T-cell immunoglobulin mucin-3
(TIM-3), could potentially activate T-effector cells,
increase tumor phagocytosis, and enhance antigen pres-
entation [162]. A phase 1 study demonstrated its safety
profile and efficacy signal in patients with immunother-
apy-resistant NSCLC [162]. Table 3 summarizes the
clinical efficacy of bispecific antibodies in representative
trials.
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Recent advances in antibody-drug conjugates
Traztuzumab deruxtecan

Trastuzumab deruxtecan is a HER2-targeted ADC con-
sisting of a humanized anti-HER2 monoclonal antibody,
cleavable linker, and membrane-permeable payload [163].
In the Destiny-Lung01 study, trastuzumab deruxtecan
demonstrated durable anticancer activity in patients with
previously treated HER2-mutant NSCLC, with an ORR of
55%, median PFS of 8.2 months, and OS of 17.8 months
[164]. Although the safety profile was generally manage-
able, 25% of patients discontinued treatment due to drug-
related AEs, including pneumonitis and interstitial lung
disease [164]. In the phase 2 DESTINY-Lung02 study,
which assessed the efficacy and safety of trastuzumab
deruxtecan at doses of 5.4 mg/kg and 6.4 mg/kg among
patients with HER2-mutant NSCLC, the ORR and PFS
were similar between the 2 dosage groups. More impor-
tantly, the 5.4 mg/kg group experienced fewer AEs, par-
ticularly drug-related interstitial lung disease [165]. The
pooled analysis of DESTINY-Lung01 and DESTINY-
Lung02 also revealed that trastuzumab deruxtecan mon-
otherapy demonstrated intracranial confirmed ORRs of
50% (5.4 mg/kg) and 30% (6.4 mg/kg), and median intrac-
ranial confirmed DORs of 9.5 months (5.4 mg/kg) and
4.4 months (6.4 mg/kg) [166]. These results support the
use of 5.4 mg/kg as the appropriate treatment dosage for
trastuzumab deruxtecan.

Datopotamab deruxtecan

Trophoblast cell surface antigen 2 (TROP2) is a cell sur-
face glycoprotein that is upregulated in various malig-
nant tumors and plays a role in oncogenic signaling
pathway transduction [167]. Due to its rare expression
in normal cells, TROP2 has become an attractive tar-
get for ADC design [167]. Datopotamab deruxtecan is a
TROP2-targeting ADC that has demonstrated encourag-
ing antitumor activity, with an ORR of 28% and a DOR
of 10.5 months at a dose of 6 mg/kg among patients
with solid tumors including NSCLC in the TROPION-
PanTumor01 study [168]. Updated results from the
NSCLC cohort in the TROPION-PanTumor01 study fur-
ther demonstrate its promising efficacy, with an ORR of
21-25%, a DCR of 67-80%, and a PFS of 4.3-8.2 months
in patients with NSCLC who were pretreated with chem-
otherapy and immunotherapy, across different dosage
groups [169].

Interestingly, in another updated analysis of the
NSCLC cohort treated with datopotamab deruxtecan,
patients with actionable driver mutations exhibited an
ORR of 35% and a DOR of 9.5 months [170]. This result
was further confirmed by the phase 2 TROPION-Lung05
trial, which demonstrated that datopotamab deruxtecan
could benefit patients with NSCLC with actionable driver
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Table 3 Representative clinical trials using bispecific antibodies to treat NSCLC

Study Patients Treatment ORR (%) mPFS HR for mPFS mOS HR for mOS >G3 AE (%) Refs.
(months) (months)
MARIPOSA Treatment-naive Lazerti- 86 23.7 0.70 $74% 0.80 75 [17]
EGFR-mutant nib+amivan- 85 16.6 [0.58-0.85] *69% [0.61-1.05] 43
advanced NSCLC ~ tamab
Osimertinib
CHRYSALIS Osimertinib-resist-  Lazerti- 36 49 4 [138, 144]

ant EGFR-mutant  nib+amivan-
advanced NSCLC ~ tamab
(combinational

cohort)

Advanced NSCLC ~ Amivantamab 39 83 35
with EGFR exon 20
insertion (cohort
D)
Advanced NSCLC ~ Amivantamab 33 54 15.8 42
with MET exon 14
skipping (cohort
MET-2)
CHRYSALIS-2  Advanced NSCLC [142]
with uncommon
EGFR mutations

(cohort Q)
Total popula- Lazerti- 52 11
tion nib+amivan-
tamab
Treatment- Lazerti- 57 19.5
naive nib+amivan-
tamab
TKl-pretreated  Lazerti- 48 7.8
nib +amivan-
tamab
PAPILLON Treatment-naive Amivan- 73 114 040 NR 0.67 75 [139]
advanced NSCLC  tamab+CT 47 6.7 [0.30-0.53] 244 [0.42-1.09] 54
with EGFR exon 20 CT
insertion
PALMOMA-3  Osimertinib- Lazerti- 27 6.1 0.84 NR 0.62 52 [143]
and chemother- nib+amivan- 27 43 [0.64-1.10] NR [042-092] 56
apy-pretreated tamab (s.c.)
EGFR-mutant Lazerti-
advanced NSCLC  nib+amivan-
tamab (i.v.)
HARMONi-a  Osimertinib- Ilvo- 50.6 7.1 0.46 615 [20]
pretreated EGFR-  nescimab+CT 354 4.8 [0.34-0.62] 49.1
mutant advanced CT
NSCLC
HARMONi-2  Advanced NSCLC  Ivonescimab 50 11.14 0.51 294 [152]

with PD-L1>50%  Pembrolizumab 385 582 [0.38-0.69] 15.6
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Table 3 (continued)
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Study Patients Treatment ORR (%) mPFS HR for mPFS mOS HRformOS >G3 AE (%) Refs.
(months) (months)
First-in- Advanced non- [155]
human study squamous NSCLC
of MEDI5752
Randomized MEDI5752 50 15.1 NR 80
cohort 1500 mg+CT
Randomized Pembroli- 476 8.9 16.5 61
cohort zumab+CT
Single-arm MEDI5752 40.8 50
cohort 750 mg+CT
Advanced non-
squamous NSCLC
with PD-L1< 1%
Randomized MEDI5752 55.6 134
cohort 1500 mg+CT
Randomized Pembroli- 30 9.0
cohort zumab+CT
Single-arm MEDI5752 48
cohort 750 mg+CT
AK104-202 CT-pretreated [156]
advanced NSCLC
|Cl-naive Cadonilimab 10 1.97 19.61 10
(AK104)
Primary resist-  Cadonilimab 0 1.87 4.93 0
ance to 10 (AK104)
Acquired resist-  Cadonilimab 0 1.84 13.16 18.8
ance to 10 (AK104)
KN046-201 Advanced NSCLC [158-160]
cohort Cohort A/B: KNO46 14.1 37 198 422
AandB Resistance
toCT
*Cohort C: KN046 32 28 133 226
Resistance to 1O
Cohort D: KN046 269 552 12.68 538
Resistance
to TKI
KN406-202 Treatment-naive KNO046 +CT 46 58 266 66.7 [161]

advanced NSCLC

CT, chemotherapy; G3 AE, grade 3 adverse event; HR, hazard ratio; ICl, immune checkpoint inhibitor; mOS, median overall survival; mPFS, median progression-free
survival; NSCLC, non-small cell lung cancer; ORR, objective response rate; TK, tyrosine kinase inhibitor.

*Combined with data from KN046-CHN-001.

mutations, including EGFR mutation and ALK rear-
rangement [171]. The updated survival analysis focusing
on patients with brain metastasis also revealed promis-
ing intracranial activity, with an intracranial ORR of 22%
and a DCR of 72% [172]. The PFS for patients with brain
metastasis was also similar to those without brain metas-
tasis [172]. These study results indicate that datopotamab
deruxtecan could potentially be a salvage therapy for
patients with and without oncogenic driver mutations.
The subsequent phase 3 TROPION-Lung0l study
compared the treatment efficacy of datopotamab derux-
tecan with docetaxel among NSCLC patients who were

pretreated with chemoimmunotherapy in the absence of
driver mutations, and with targeted therapy and chemo-
therapy if driver mutations were identified [173]. In this
mixed population, datopotamab deruxtecan provided
superior PFS compared to docetaxel (4.4 vs 3.7 months;
P=0.004), particularly among patients with non-squa-
mous histology (5.6 vs 3.7 months) [173]. This is the first
ADC to demonstrate superior efficacy in heavily pre-
treated NSCLC patients.

Following the results of the phase 3 TROPION-Lung01
study, the ICARUS-Lung0l1 study utilized sequential
tumor biopsy and blood sampling to identify predictive
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biomarkers for response to datopotamab deruxtecan
[174]. Although patients with a wide range of TROP2
expression may benefit from datopotamab deruxtecan,
those with a TROP2 H-score higher than 100 had the
longest PFS compared to other subgroups. An analysis
of driver alterations did not reveal any association with
treatment response [174].

Based on bulk RNA-sequencing analysis, the activation
of DNA repair pathways and the suppression of immune-
related pathways after 1-2 cycles of datopotamab derux-
tecan were associated with treatment resistance [174].
Ongoing analyses include genomic analysis at progres-
sion, spatial distribution of TROP2 using artificial intel-
ligence (AI) digital pathology, modulation of the tumor
immune microenvironment, internalization of dato-
potamab deruxtecan, and the evaluation of circulating
tumor cells and DNA [174].

In addition to being used as monotherapy, there are
several studies evaluating the efficacy of combining pem-
brolizumab and datopotamab deruxtecan. In the phase
1b TROPION-Lung02 study, which enrolled patients who
had received <2 prior lines of therapy, patients treated
with datopotamab deruxtecan plus pembrolizumab, with
or without platinum chemotherapy, exhibited response
rates of 38—49%, with the DOR not yet reached [175].
Among patients receiving first-line therapy, the ORR was
50-57%, with the DOR also not reached [175]. Similarly,
in the phase 1b TROPION-Lung04 study, which enrolled
patients with previously treated or treatment-naive
NSCLC and without actional driver mutations, patients
who received datopotamab deruxtecan plus pembroli-
zumab, with or without platinum chemotherapy, have
promising ORRs of 50-77% and durable response
[176]. These findings support subsequent phase 3 stud-
ies: AVANZAR (NCT05687266); TROPION-Lung07
(NCT0555732), focusing on patients with PD-L1 <50%;
and TROPION-Lung08 (NCT05215340), focusing on
patients with PD-L1 >50%.

Sacituzumab govitecan

Sacituzumab govitecan is another TROP2-targeting ADC
that has been FDA approved as a second-line therapy
for triple-negative breast cancer and uroepithelial carci-
noma. The expansion cohort of the IMMU-132-01 phase
1/2 basket trial demonstrated that sacituzumab govitecan
provided well-tolerated and durable responses among
patients with heavily treated NSCLC, with a clinical ben-
efit rate of 43% and DOR of 6 months [177]. The subse-
quent phase 2 EVOKE-02 study also demonstrated that
the combination of sacituzumab govitecan and pembroli-
zumab exhibited encouraging antitumor activity, with an
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ORR of 67% in patients with PD-L1>50% and an ORR of
44% among patients with PD-L1<50%, along with toler-
able AEs [178]. This study supports the rationale for the
ongoing phase 3 EVOKE-3 study, evaluating sacituzumab
govitecan plus pembrolizumab vs pembrolizumab mono-
therapy in patients with PD-L1 expression >50%. Another
ongoing phase 3 trial, Velocity-Lung (Substudy-1), aims
to evaluate the treatment efficacy of zimberelimab and
domvanalimab in combination with sacituzumab govite-
can or etrumadenant.

Recently, the phase 3 EVOKE-01 study, which com-
pared the treatment efficacy of sacituzumab govitecan
to docetaxel, failed to demonstrate superiority over doc-
etaxel as a second-line therapy for NSCLC patients who
had acquired resistance to first-line anti-PD-1 therapy
[179]. However, a prespecified subgroup analysis showed
a significant improvement in OS (11.8 vs 8.3 months;
HR: 0.75; 95% CI 0.58—0.97) among patients who did not
respond to their last anti-PD-1 therapy [179]. These find-
ings may inform the design of future clinical trials.

Sacituzumab tirumotecan

Sacituzumab tirumotecan is a TROP2-targeting ADC
that utilizes a novel linker to conjugate its payload, a
belotecan-derived topoisomerase I inhibitor [180]. The
linker is designed to be cleaved by both extracellular
pH changes and intracellular enzymes, enabling the effi-
cient release of the membrane-permeable payload, which
exerts a bystander effect [180]. In a phase 2 study evalu-
ating the efficacy of sacituzumab tirumotecan monother-
apy, the treatment demonstrated an ORR of 43.6% and
a PFS of 7.2 months in pretreated patients with NSCLC
with diverse genomic profiles [181]. The phase 2 Opti-
TROP-Lung01 study reported the treatment efficacy of
combining sacituzumab tirumotecan and KL-A167, a
PD-L1 inhibitor, in different dosage combinations [182].
This study demonstrated promising efficacy among treat-
ment-naive patients with NSCLC, with an ORR of 77.6%
in the overall population. There is consistent efficacy
across all PD-L1 expression levels and different histol-
ogy subtypes [182]. Currently, there are 3 ongoing phase
3 clinical trials: 1 focused on treatment-naive NSCLC
patients with PD-L1 expression>50% (NCT06170788);
another evaluating the combination as maintenance ther-
apy among patients with metastatic squamous NSCLC
(NCT06422143); and a third in the postoperative setting
for patients who did not achieve pCR (NCT06312137).

Patritumab deruxtecan
Human epidermal growth factor receptor 3 (HER3),
also known as receptor tyrosine-protein kinase erbB-3
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Table 4 Representative clinical trials using ADCs to treat patients with NSCLC
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Study Patients Treatment ORR (%) mPFS HR formPFS mOS HRformOS  >G3 AE (%) Ref
(months) (months)
Destiny- Previously Traztuzumab 55 8.2 17.8 46 [164]
Lung01 treated deruxtecan
HER2-mutant
advanced
NSCLC
Destiny- Previously Traztuzumab 49 99 19.5 386 [165]
Lung02 treated deruxtecan
HER2-mutant 5.4 mg/kg
advanced Traztuzumab 56 154 NE
NSCLC deruxtecan
6.4 mg/kg
TROPION- Previously [168-170]
PanTumor01 treated
advanced solid
tumor
NSCLC Datopotamab 22 43 12.9 30
cohort deruxtecan 26 6.9 114 54
4mag/kg 238 52 105 5838
Datopotamab
deruxtecan
6 mg/kg
Datopotamab
deruxtecan
8 mg/kg
Subgroup Datopotamab 35
with AGA deruxtecan
TROPION- Previously [171,172]
Lung05 treated
advanced
NSCLC
with actional
driver altera-
tions
Total popu- Datopotamab 49 54 47
lation deruxtecan 34 58
EGFR muta- Datopotamab 8 43
tion deruxtecan 22
ALK rear- Datopotamab
rangement  deruxtecan
Brain Datopotamab
metastasis  deruxtecan
TROPION- Previously Datopotamab 44 0.75 124 0.90 25 [173]
Lung01 treated deruxtecan 37 [0.62-0.91] 11.0 [0.72-1.13] 41
advanced Docetaxel
NSCLC
TROPION- Advanced [175]
Lung02 NSCLC with< 2
prior lines
of therapy
Total popu- Datopotamab 38 31
lation deruxte- 49 58
can+ICl
Datopotamab
deruxte-
can+ICI+CT
First-line Datopotamab 50
deruxte- 57
can+ICl
Datopotamab
deruxte-

can+ICI+CT
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Table 4 (continued)
Study Patients Treatment ORR (%) mPFS HR formPFS mOS HR for mOS >G3 AE (%) Ref
(months) (months)
TROPION- Treatment- Datopotamab 50 316 [176]
Lung04 naive deruxte- 769 57.1
advanced can+ICl
NSCLC with- Datopotamab
out actional deruxte-
driver altera- can+ICI+CT
tions
IMMU-132-01  Previously Sacituzumab 17 52 9.5 [177]
treated govitecan
advanced
NSCLC
EVOKE-02 Treatment- [178]
naive
advanced
NSCLC
PD-L1>50% Sacituzumab 67 13.1 40
(cohort A) govitecan 44
PD-L1<50% Sacituzumab
(cohort B) govitecan
EVOKE-01 Advanced Sacituzumab 137 4.1 092 11.1 0.84 66.6 [179]
NSCLC govitecan 18.1 39 [0.77-1.11] 89 [0.68-1.04] 75.7
with acquired  Docetaxel
resistance
to anti-PD1
Phase 2 study  Previously [181]
of sacituzumab treated
tirumotecan advanced
NSCLC
Total popu-  Sacituzumab 436 7.2 226 69.8
lation tirumotecan 60.0 1.5 227
EGFR- Sacituzumab 263 53 14.1
mutant tirumotecan 22.2 58 16.2
EGFR-wild Sacituzumab 300 5.1 12.8
type tirumotecan
Non-squa-  Sacituzumab
mous tirumotecan
Squamous  Sacituzumab
tirumotecan
OptiTROP- Treatment- [182]
Lung01 naive NSCLC
Cohort TA° SKB2645mg/ 486 154
kg+KL-A167
1200 mg
Cohort 1B SKB2645mg/ 776 *84.6%
Non-squa-  kg+KL-A167 727 *93.8%
mous 900 mg 84.0 *73.5%
Squamous 63.2 *82.2%
PD-L1<1% 813 *76.6%
PD-L1 1-49% 87.0 *91.3%
PD-L1>50%
HERTHENA- EGFR-mutant [184]
LungO01 advanced
NSCLC
with acquired
resist-
ance to TKI
and platinum-
based CT
Total popu-  Patritumab 284 5.5 11.9 453
lation deruxtecan 282 55 11.8
Post 3rd Patritumab
generation  deruxtecan

EGFR-TKI
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Table 4 (continued)
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Study Patients Treatment ORR (%) mPFS HR formPFS mOS HRformOS  >G3 AE (%) Ref
(months) (months)
Phase 1/1b EGFR-mutant  Osimerti- 50 74 32 [186, 187]
study of teli- advanced nib +teli-
sotuzumab NSCLC sotuzumab
vedotin with acquired  vedotin
resistance
to osimertinib
LUMINOSITY Advanced [188]
NSCLC with<2
prior lines
of therapy
c-Met OF Telisotuzumab  28.6 5.7 14.5
NSQ EGFR  vedotin 346 55 14.6
WT Telisotuzumab  22.9 6.0 14.2
c-Met high  vedotin
c-Met Telisotuzumab
intermedi-  vedotin
ate
c-Met OE Telisotuzumab  11.6
NSQEGFR  vedotin 16.7
mutant Telisotuzumab 0
c-Met high  vedotin
c-Met Telisotuzumab
intermedi-  vedotin
ate
c-Met OF Telisotuzumab  11.1
SQ vedotin

CT, chemotherapy; G3 AE, grade 3 adverse event; HR, hazard ratio; ICl, immune checkpoint inhibitor; mOS, median overall survival; mPFS, median progression-free
survival; NSCLC, non-small cell lung cancer; ORR, objective response rate; TKI, tyrosine kinase inhibitor.

(ERBB3), is widely expressed on the cell surface of
NSCLC, reported in 83% of tumors, and associated with
a higher incidence of distant metastasis and shorter DFS
[183]. In the HERTHENA-Lung01 study, which enrolled
patients with advanced-stage EGFR-mutant NSCLC who
had disease progression after EGFR TKIs and platinum-
based chemotherapy, patritumab deruxtecan (5.6 mg/kg)
demonstrated clinically meaningful and durable efficacy
with an ORR of 29.8% and acceptable AEs [184]. The effi-
cacy was observed across various resistance mechanisms.
Additionally, patritumab deruxtecan showed good intrac-
ranial activity, with an intracranial confirmed ORR of
33.3% and a DCR of 76.7% [184]. Patritumab deruxtecan
has emerged as a promising salvage therapy for patients
with EGFR-mutant NSCLC and acquired resistance to
EGFR TKI and chemotherapy [184]. The ongoing phase
3 HERTHENA-Lung02 study compares patritumab der-
uxtecan with docetaxel (NCT05338970). Since HER3
expression did not show a significant difference between
responders and nonresponders [184], a future study on
predictive biomarkers is warranted.

Telisotuzumab vedotin
The c-MET protein is a transmembrane receptor tyros-
ine kinase that is activated upon binding with hepatocyte

growth factor [185]. Overexpression of the c-MET pro-
tein has been identified in approximately 50% of NSCLC
cases [185], making it a promising target for ADC
design. Phase 1/1b trials have demonstrated the efficacy
of combining osimertinib and telisotuzumab vedotin, a
c-MET-targeting ADC, in patients with EGFR-mutant,
c-MET-overexpressing NSCLC who had acquired resist-
ance to osimertinib, showing an ORR of 50% and a
DCR of 76% [186]. The subsequent phase 2 LUMINOS-
ITY study further investigated the therapeutic efficacy
of telisotuzumab vedotin monotherapy. In stage 1, the
ORR was 36.5% in the non-squamous EGFR wild-type
cohort (52.2% in the c-MET-high group and 24.1% in the
c-MET-intermediate group) but was modest in the non-
squamous EGFR mutant (11.6%) and squamous (11.1%)
cohorts [187]. The significant discrepancy between
patients with and without EGFR mutation indicates the
importance of osimertinib-based combination therapy
for patients with EGFR mutation and c-MET overexpres-
sion [187].

In stage 2 of the LUMINOSITY trial, the clinical ben-
efit of telisotuzumab vedotin was evaluated on patients
with c-MET-overexpressing non-squamous EGFR wild-
type advanced NSCLC; it showed encouraging efficacy,
with an ORR of 28.6%, a median DOR of 8.3 months, and
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tolerable AEs. The ORR was consistent across patients
with different levels of c-MET expression [188]. This
result highlighted that telisotuzumab vedotin could be
a potential therapeutic strategy in the future. The ongo-
ing phase 3 clinical trial will investigate its treatment effi-
cacy among patients with MET protein overexpression.
Table 4 summarizes the clinical efficacy of ADCs in rep-
resentative trials.

Conclusions

With the advent of targeted therapies and ICIs, we have
reshaped the treatment paradigm not only for metastatic
NSCLC, but also for early-stage NSCLC. Combination
chemotherapy and anti-PD-(L)1 antibodies offer a new
standard of care for perioperative treatment of resectable
early-stage NSCLC. Adjuvant osimertinib and alectinib
have demonstrated promising clinical benefits for early-
stage NSCLC with EGFR mutations or ALK rearrange-
ment, respectively. For unresectable locally advanced
NSCLC, ICIs and targeted therapy (e.g., EGFR TKIs)
have become viable therapeutic treatment strategies after
chemoradiotherapy. Newly developed bispecific antibod-
ies have further revolutionized the therapeutic landscape.
Amivantamab, either as monotherapy or in combination
with lazertinib or chemotherapy, offers novel treatment
options for patients with treatment-naive and osimerti-
nib-resistant NSCLC with common EGFR mutations, as
well as those with EGFR exon 20 insertions. Ivonescimab
also presents a promising therapeutic approach for
patients with osimertinib-resistant NSCLC with com-
mon EGFR mutations and serves as a first-line treatment
for those with high PD-L1 expression. In addition, newly
developed ADCs are promisingly effective, including
HER2-targeting trastuzumab deruxtecan, TROP2-target-
ing ADCs, HER3-targeting patritumab deruxtecan, and
MET-targeting telisotuzumab vedotin.

The changing landscape of NSCLC treatment provides
numerous therapeutic options, but determining how to
incorporate them into clinical practice to improve patient
outcomes remains challenging. Future studies are neces-
sary to identify and validate new therapeutic approaches
and predictive biomarkers for each treatment strategy,
and to determine the optimal sequencing and integration
of these therapies.
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