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lvonescimab plus chemotherapy versus tislelizumab plus
chemotherapy as first-line treatment for advanced
squamous non-small-cell lung cancer (HARMONi-6):
arandomised, double-blind, phase 3 trial

Zhiwei Chen*, Fang Yang”, Zhou Jiang*, Longhua Sun*, Lin Wu*, Zhengxiang Han, Yun Fan, Yangiu Zhao, Xingya Li, Haipeng Xu, Xiangjiao Meng,
Ying Liu, Zhiye Zhang, Hui Luo, Xuelei Ma, Xuezhen Ma, Qin Shi, Zhongmin Zhang, Runxiang Yang, Pingli Wang, Pinhua Pan, Xiaohong Ai, Jie Li",
Xingxiang Pu, Zhiwu Wang, fian Fang, Ming He, Yong He, Shuliang Guo, juan Lj, Hongbiao Wang, Jungiang Zhang, Qian Chu, Xuewen Liu,
Shenpeng Ying, Hongcheng Wu, Hongmei Sun, Yinghua ji Ming Zhou, Chao Cao, Kejing Tang, Zhengguo Li, Dairong Li, Zhihong Zhang, fie L1,
Jianya Zhou, Hongzhong Yang, Yingying Du, Hui Yang, Jian Shi, Hualin Chen, Wenting Li, Dongmei Lu, Mingxiu Hu, Zhongmin Maxwell Wang,
Baiyong Li, Michelle Xia, Shun Lu

Summary

Background Squamous non-small-cell lung cancer (NSCLC) is associated with worse clinical outcomes than non-
squamous NSCLC, but treatment options are scarce. We aimed to evaluate the efficacy and safety of ivonescimab
plus chemotherapy versus tislelizumab plus chemotherapy as a first-line therapy for patients with advanced
squamous NSCLC.

Methods We conducted a randomised, double-blind, phase 3 trial at 50 sites across China (HARMONiI-6). Patients
aged 18-75 years with previously untreated, pathologically confirmed, unresectable stage IIIB, IIIC, or stage IV
squamous NSCLC and an Eastern Cooperative Oncology Group performance status score of 0 or 1 were eligible for
inclusion. Patients were randomly assigned (1:1) to receive intravenous ivonescimab (20 mg/kg) or tislelizumab
(200 mg), plus intravenous paclitaxel (175 mg/m?) and carboplatin (area under the curve 5 mg/mL per min) once
every 3 weeks for four cycles, followed by ivonescimab (20 mg/kg) or tislelizumab (200 mg) monotherapy as
maintenance treatment for up to 24 months. Randomisation was stratified by disease stage (IIIB or IIIC vs IV) and
PD-L1 tumour proportion score (=1% vs <1%). The primary endpoint was progression-free survival assessed by the
independent radiographic review committee as per Response Evaluation Criteria in Solid Tumours guidelines
(version 1.1) in all randomly assigned patients. Safety, defined as adverse events and serious adverse events related to
treatment, as well as adverse events related to immunity or VEGF blockade, were analysed in all randomly assigned
patients who received at least one dose of the assigned study treatment. This study is registered at ClinicalTrial.gov
(NCT05840016), has completed enrolment, and is ongoing for treatment and follow-up.

Findings From Aug 17, 2023, to Jan 21, 2025, 761 patients were screened for eligibility, among whom 532 (70%) patients
were enrolled and randomly assigned to receive ivonescimab plus chemotherapy (266 [50%] patients) or tislelizumab
plus chemotherapy (266 [50%)] patients). As of Feb 28, 2025, median follow-up time was 10-3 months (95% CI
9-5-11-0). Median progression-free survival was 11-1 months (95% CI 9-9-not evaluable) in the ivonescimab group
and 6-9 months (5-8-8-6) in the tislelizumab group (hazard ratio 0-60 [95% CI 0-46-0-78]; one-sided p<0-0001).
The progression-free survival benefit with ivonescimab plus chemotherapy was consistent regardless of PD-L1
status. 170 (64%) patients in the ivonescimab group and 144 (54%) patients in the tislelizumab group had grade 3 or
higher treatment-related adverse events, with grade 3 or higher immune-related adverse events occurring in
24 (9%) patients in the ivonescimab group and in 27 (10%) patients in the tislelizumab group. Grade 3 or higher
treatment-related haemorrhage occurred in five (2%) patients in the ivonescimab group and in two (1%) patients in
the tislelizumab group.

Interpretation In patients with untreated advanced squamous NSCLC, ivonescimab plus chemotherapy showed
significantly improved progression-free survival compared with tislelizumab plus chemotherapy, regardless of
PD-L1 status, as well as a manageable safety profile. This regimen could be used as a novel first-line treatment in this

patient group.
Funding Akeso Biopharma.

Copyright © 2025 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar
technologies.
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Research in context

Evidence before this study

To understand the current status of first-line treatment for
squamous non-small-cell lung cancer (NSCLC), we searched
PubMed, without language restrictions, for clinical trials
published between Jan 1, 2010, and June 20, 2025, using the
terms: “PD-1 OR PD-L1 OR CTLA-4 OR VEGF AND metastatic
AND first line OR previously untreated AND squamous

AND non-small cell lung cancer OR NSCLC”. This search yielded
47 results, from which we identified several randomised phase 3
trials. Many studies have compared the efficacy of anti-PD-1 or
anti-PD-L1 agents plus chemotherapy with chemotherapy alone
as a first-line therapy in patients with advanced squamous
NSCLC, and shown the added value of these agents plus
chemotherapy. Based on the KEYNOTE-407, Checkmate 9LA,
EMPOWER-Lung 3, and POSEIDON trials, the US Food and Drug
Administration has approved pembrolizumab plus
chemotherapy, ipilimumab-nivolumab plus two cycles of
chemotherapy, cemiplimab plus chemotherapy, and
durvalumab-tremelimumab plus chemotherapy as first-line
treatments for patients with advanced squamous NSCLC.

In China, tislelizumab, camrelizumab, sugemalimab,
penpulimab, sintilimab, and serplulimab plus chemotherapy
have also been approved as first-line therapies for advanced
squamous NSCLC. The combination of anti-PD-1 monotherapy
and chemotherapy has emerged as the standard of care for
patients with advanced NSCLC. However, no further progress
has been made over the past 5 years.

Introduction

Lung cancer remains the leading cause of cancer-related
mortality globally. Non-small-cell lung cancer (NSCLC),
including both squamous and non-squamous subtypes,
accounts for approximately 85% of all cases of lung
cancer.! Squamous NSCLC constitutes roughly 20-30% of
NSCLC cases and is associated with worse clinical
outcomes than non-squamous NSCLC.> The advent of
immune checkpoint inhibitors (ICls) targeting the PD-1
or PD-L1 axis has transformed first-line treatment
options for patients with advanced squamous NSCLC
without driver mutations.

In addition to anti-PD-1 monotherapy, various
confirmatory phase 3 trials have shown that ICI-based
combination therapy confers substantial clinical benefits
for patients with advanced squamous NSCLC compared
with chemotherapy alone.* To date, the US Food
and Drug Administration has approved pembrolizumab
plus chemotherapy, ipilimumab-nivolumab plus
two cycles of chemotherapy, cemiplimab plus
chemotherapy, and durvalumab-tremelimumab plus
chemotherapy as first-line therapy for advanced NSCLC
(including the squamous subtype). In China, additional
ICIs have been approved by the National Medical
Products Administration to combine with chemotherapy
as firstline therapy for advanced squamous NSCLC,

www.thelancet.com Vol 406 November1,2025

Added value of this study

To our knowledge, the HARMONi-6 trial is the first study to
compare an anti-PD-1-VEGF bispecific antibody plus
chemotherapy versus an anti-PD-1 mono-antibody plus
chemotherapy as a first-line treatment in patients with
advanced squamous NSCLC. With the primary endpoint of
progression-free survival, this study showed that ivonescimab
plus chemotherapy significantly improved median progression-
free survival by 4.2 months (11-1 vs 6.9 months; hazard

ratio 0-60 [95% CI 0-46 -0-78]) compared with tislelizumab
plus chemotherapy. This efficacy was independent of PD-L1
expression. With a manageable safety profile, this study
underscores the therapeutic role of the VEGF blockade in
squamous NSCLC. The prevalence of grade 3 or higher
haemorrhage related to treatment was 2% in the ivonescimab
group. Immune-related adverse events of grade 3 or higher
were similar between both treatment groups.

Implications of all the available evidence

Ivonescimab plus chemotherapy showed significantly improved
progression-free survival compared with tislelizumab plus
chemotherapy in patients with advanced squamous NSCLC,
regardless of PD-L1 expression, and had a manageable safety
profile. This regimen could provide a novel treatment option for
this patient group.

including pembrolizumab, tislelizumab, camrelizumab,
sugemalimab, penpulimab, sintilimab, and serplulimab.
In studies investigating ICIs plus chemotherapy in
patients with advanced squamous NSCLC, median
progression-free survival has ranged from 5-1 months
to 8-5 months.*™ Based on the RATIONALE-307 study,
tislelizumab plus chemotherapy significantly prolonged
median progression-free survival compared with
chemotherapy alone (7-6 months vs 5-5 months; hazard
ratio [HR] 0-52 [95% CI 0-37-0-74])7 This treatment
regimen has been approved by the Chinese National
Medical Products Administration and the European
Medicines Agency for patients with previously untreated,
advanced squamous NSCLC, and is also recommended
in major guidelines (eg, Chinese Society of Clinical
Oncology and European Society for Medical Oncology) as
a standard-of-care option.

Despite these advances, a proportion of patients still
derive little benefit from current regimens, underscoring
the medical need for novel therapeutic strategies.
Preclinical studies suggest that VEGF blockade
normalises tumour vasculature, enhances T-cell
infiltration, and synergises with PD-1 inhibition to
overcome immune evasion.” This rationale has spurred
the investigation of anti-PD-1 or anti-PD-L1 therapy
combined with anti-VEGF therapy in patients with
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NSCLC. In the IMpower 150 study* atezolizumab—
bevacizumab plus chemotherapy significantly improved
progression-free survival and overall survival among
patients with metastatic non-squamous NSCLC,
regardless of PD-L1 expression and driver mutations.
However, due to the high risk of life-threatening and fatal
bleeding complications in patients with squamous
NSCLC, bevacizumab use is restricted to individuals
with non-squamous NSCLC.

Ivonescimab is a bispecific antibody targeting PD-1and
VEGF. In-vitro studies have shown that ivonescimab
possesses enhanced binding affinity to PD-1 and VEGF
through cooperative binding." Based on the results of the
HARMONi-A study ivonescimab combined with
chemotherapy has been approved in China in patients
with non-squamous NSCLC who have experienced
disease progression on EGFR tyrosine kinase inhibitor
therapy. Ivonescimab monotherapy has also been
approved as a first-line treatment in China in patients
with PD-Ll-positive, advanced NSCLC, based on the
findings of the HARMON:i-2 study.” In the HARMONj-2
study of 398 patients, ivonescimab showed promising
efficacy and a favourable safety profile in patients with
both squamous (181 [46%]) and non-squamous
NSCLC (217 [55%]). In light of the few treatment options
and unmet medical needs of patients with squamous
NSCLC, we aimed to compare the efficacy and safety of
ivonescimab plus chemotherapy versus tislelizumab
plus chemotherapy as firstline therapy in this patient
group. Herein, we report the preplanned interim
analysis.

Methods

Study design

We conducted a randomised, double-blind, phase 3 trial
(HARMON:i-6) at 50 hospitals across China (appendix
P 2). This trial was conducted in accordance with the
study protocol (appendix pp 15-157) and Good Clinical
Practice standards. The study was monitored by an
independent data and safety monitoring committee. The
research protocol was approved by the appropriate ethics
committee at each participating centre (appendix p 2).
Any protocol deviations were recorded and reported to a
local institutional review board for review (appendix p 9).
Information on participant sex was collected on a
selfreported basis. This trial is registered with
ClinicalTrials.gov (NCT05840016), has completed enrol-
ment, and is ongoing for treatment and follow-up.

Participants

Patients aged 18-75 years with pathologically confirmed,
unresectable stage IIIB, IIIC, or stage IV squamous
NSCLC (classified according to the eighth edition of the
cancer staging manual of the American Joint Committee
on Cancer),” no previous systemic therapy, an Eastern
Cooperative Oncology Group performance status score
of 0 or 1, at least one measurable lesion according to the

Response Evaluation Criteria in Solid Tumours
guidelines (RECIST; version 1.1),° and a survival
expectation of more than 3 months were eligible for
inclusion. Patients were excluded if they had patho-
logically confirmed, non-squamous NSCLC or small-cell
lung cancer, EGFR mutation or ALK translocation, other
malignant tumours within 5 years before enrolment,
active autoimmune disease, or non-infectious
pneumonitis or interstitial lung disease that required
treatment with systemic steroids. Patients with active
CNS metastatic lesions or CNS metastatic lesions at least
1-5 cm in size were also excluded. Additionally, patients
were excluded if imaging at screening showed obvious
tumour necrosis or cavitation and investigators
determined that enrolment would pose a high risk of
bleeding, or if tumours invaded major blood vessels. The
full inclusion and exclusion criteria are listed in the study
protocol (appendix pp 45-52). All patients provided
written informed consent.

Randomisation and masking

Patients were randomly assigned (1:1) to receive either
ivonescimab plus chemotherapy (ivonescimab group)
or tislelizumab plus chemotherapy (tislelizumab group).
Randomisation was done by study investigators using
an interactive web response system (Shanghai Shanhu
Health Technology). Stratified block randomisation was
used to generate the randomisation schedule.
Stratification factors were disease stage (IIIB or IIIC
vs IV) and PD-L1 tumour proportion score (TPS; =1%
vs <1%).

Participants, investigators, clinical staff, the study
sponsor, and data analysts were masked to treatment
assignment. Unmasking of treatment allocation was
only allowed for expedited safety reporting to regulatory
authorities or emergency medical reasons. Further
details on masking procedures can be found in the
appendix (pp 54-56).

Procedures
Ivonescimab (20 mg/kg) or tislelizumab (200 mg), plus
paclitaxel (175 mg/m?) and carboplatin (area under the
curve [AUC] 5 mg/mL per min) were administered for
up to four cycles, followed by ivonescimab (20 mg/kg) or
tislelizumab (200 mg) for maintenance treatment. All
treatments were administered intravenously once every
3 weeks. The assigned treatment was continued until no
more clinical benefit was observed, as judged by
investigators, unacceptable toxicity, initiation of new
antitumour treatment, completion of 24 months of
treatment in total, or until other criteria for treatment
discontinuation were met according to the protocol,
whichever occurred first. Details regarding treatment
decisions and the management of adverse events are
available in the protocol (appendix pp 62-72).

Tumour assessments were conducted in accordance
with RECIST guidelines (version 1.1)* during screening,
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every 6 weeks during the first 60 weeks after
randomisation, and every 12 weeks thereafter. These
assessments were continued until the masked inde-
pendent radiology review committee (IRRC) evaluated
disease progression on imaging or the study treatment
was terminated (whichever occurred later), or the
participant was lost to follow-up, withdrew consent, or
died, or the study ended, whichever occurred first.

Adverse events and laboratory abnormalities were
graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events
(version 5.0). Adverse events were monitored until
30 days after the last treatment or the initiation of a new
antitumour treatment, whichever occurred first. Serious
adverse events, defined as per the protocol (appendix
p 90), were monitored until 90 days after the last
treatment or the initiation of new antitumour therapy,
whichever occurred first. Immune-related adverse
events, definded as per the protocol (appendix p 91), were
monitored for 90 days after the last treatment of
ivonescimab or tislelizumab. Treatment-related adverse
events were defined as treatment-emergent adverse
events with a causality assessment of related, probably
related, or possibly related to any study treatment
(ivonescimab, tislelizumab, paclitaxel, or carboplatin), as
well as events with a missing causality assessment.
Adverse events possibly related to anti-VEGF therapy
were adverse events which were consistent with VEGF-
mediated mechanism of action (appendix p 90).

Analyses of laboratory testing, vital signs, and
electrocardiography were done during screening and
performed regularly throughout the study treatment.
Health-related quality of life was assessed with the
European Organization for Research and Treatment of
Cancer Quality of Life questionnaire (EORTC QLQ-C30;
version 3).® These assessments were performed every
two cydles for the first seven cycles, then every four cycles
after the seventh cycle, and at the end of treatment visit
and safety visit at day 30 (range 23-37 days) after the last
dose.

PD-L1 expression was evaluated with immuno-
histochemistry by use of the Dako PD-L1 IHC 22C3
pharmDx (Agilent Technologies; Santa Clara, CA, USA)
in either central or local laboratories. Expression was
determined by the TPS, which was defined as the
percentage of viable tumour cells with membranous
positivity of PD-L1 staining at any intensity.

Outcomes

The primary endpoint was progression-free survival
assessed by the IRRC according to RECIST guidelines,
which was defined as the time from randomisation to
disease progression or death from any cause, whichever
occurred first. The key secondary endpoint was overall
survival, defined as the time from randomisation to
death from any cause. Other secondary endpoints
included the objective response rate, disease control rate,
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duration of response, and time to response assessed by
the IRRC as per RECIST guidelines; progression-free
survival, objective response rate, disease control rate,
duration of response, and time to response assessed by
the investigators at each site; safety; pharmacokinetic
profiles; and immunogenicity characteristics. The
correlation between PD-L1 status and treatment efficacy
was also analysed as a secondary endpoint. An additional
exploratory endpoint was the health-related quality-of-life
assessment. The secondary outcomes of pharmacokinetic
profiles and immunogenicity characteristics will be
reported in a separate publication.

Statistical analysis

Approximately 528 participants were required to provide
86% power to detect a HR of 0-70 for progression-free
survival (based on 297 progression-free survival events)
and 80% power to detecta HR of 0-73 for overall survival,
favouring ivonescimab plus chemotherapy over
tislelizumab plus chemotherapy, with a one-sided a level
of 0-025.

An interim analysis of progression-free survival was
planned when approximately 208 (70%) progression-free
survival events as assessed by the IRRC were observed. To
strictly control the overall type 1 error at a one-sided alpha
level of 0-025, we used a hierarchical testing procedure
for the primary endpoint (progression-free survival) and
the key secondary endpoint (overall survival). Overall
survival would only be tested if progression-free survival
was found to be significant. The Lan-DeMets spending
function with O’Brien-Fleming boundary was used
to control the type 1 error for both endpoints at the
interim and final analyses. In April, 2024, the
protocol was amended to adjust the sample size
from 396 to 528 participants, taking into account the
consideration of overall survival in the sample size
estimation. Correspondingly, the number of events
needed for the interim analysis on the primary endpoint
increased from 186 to 208.

Efficacy was assessed in the full analysis set, which
included all randomly assigned patients. For participants
who did not experience disease progression or death,
progression-free survival was censored on the date of the
last evaluable tumour assessment. A Kaplan-Meier
analysis was used to estimate progression-free survival,
duration of response, and other time-to-event variables.
A stratified log-rank test was used to compare
progression-free survival between both treatment
groups. HRs and associated 95% ClIs were calculated
based on a stratified Cox proportional hazards model,
with tied events handled by the exact method.
Progression-free survival as assessed by investigators
was analysed with the same methods as progression-free
survival assessed by the IRRC. The Clopper—Pearson
method was used to calculate the 95% CIs for the
objective response rate and disease control rate for each
treatment group. Differences in objective response rate

Cancer Hospital, Hefei, China
(Prof Zhih Zhang MD); Oncology
Department, Jining No 1
People’s Hospital, Jining, China
(Prof] Li* MD); Respiratory
Medicine, The First Affiliated
Hospital of Zhejiang University
School of Medicine, Hangzhou,
China (Prof ) Zhou MD);
Department of Respiratory and
Critical Care Medicine,
Changsha Central Hospital,
Changsha, China

(Prof Ho Yang MD); Oncology
Department, The First
Affiliated Hospital of Anhui
Medical University, Hefei,
China (Prof Y Du MD, D Lu MS);
Department of Respiratory and
Critical Care Medicine, The
Second Affiliated Hospital of
Xiamen Medical College,
Xiamen, China

(Prof Hu Yang MD); Ward 1 of
the Cancer Center, Affiliated
Hospital of Guangdong Medical
University, Zhanjiang, China
(Prof H Chen MD); Akeso
Biopharma, Zhongshan, China
(W Li MD, D Lu MS, M Hu PhD,

Z Maxwell Wang PhD, B Li PhD,
M Xia PhD)

Correspondence to:

Prof Shun Lu, Shanghai Chest
Hospital, School of Medicine,
Shanghai Jiao Tong University,
Shanghai 200030, China
shunlu@sjtu.edu.cn

See Online for appendix

2081



Articles

761 patients assessed for eligibility T

229 excluded
203 did not meet
inclusion criteria or
met exclusion criteria
24 withdrew
1died
1other

L532 randomised

]

5

v

266 to ivonescimab plus chemotherapy |

[ 266 to tislelizumab plus chemotherapy l

y

il withdrew ]

y

266 received ivonescimab plus

265 received tislelizumab plus

chemotherapy chemotherapy
104 discontinued treatment 131discontinued treatment
60 radiographical 90 radiographical
progression progression
16 died 16 died
—> 7 physician decision —>| 2 physician decision
11 patients requested 12 patients requested
6 adverse events 10 adverse events
4 started new 1 started new antitumour
antitumour therapy therapy

y

y

l 162 treatment ongoing

]

134 treatment ongoing

L

v

266 included in full analysis

266 included in safety analysis

266 included in full analysis
265 included in safety analysis

Figure 1: Trial profile
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and disease control rate were calculated with the
stratified ~ Miettinen-Nurminen = method.  The
prespecified subgroup analyses of progression-free
survival were conducted with HRs and corresponding
95% Cls estimated from an unstratified Cox model to
evaluate the consistency of treatment effect across key
baseline characteristics. Safety was assessed in the safety
analysis set, which included all randomly assigned
patients who received at least one dose of any study
treatment (ie, ivonescimab or tislelizumab, plus
paclitaxel and carboplatin).

Deterioration status (ie, global health status and quality-
of-life domain) was analysed in all patients who had been
randomly assigned and completed a EORTC QLQ-C30
assessment at baseline and at least one EORTC QLQ-C30
questionnaire after baseline. The raw score for each scale
was calculated as the mean of the scores of its constituent
items. To ensure comparability across scales, raw scores
were further linearly transformed into standardised scores

ranging from 0 to 100. Deterioration was defined as a
decrease in standard score by at least ten points from
baseline score. Time to deterioration was defined as the
time from the date of randomisation to the date of first
deterioration. Corresponding HRs and 95% CIs were
estimated from stratified and unstratified Cox regression
models. The distribution of time to deterioration event was
estimated with the Kaplan-Meier method for each
treatment group; the rate of non-deterioration at different
timepoints (every 3 months) was estimated.

The interim analysis for progression-free survival was
triggered after 221 progression-free survival events
assessed by the IRRC were observed, based on data
with a cutoff date of Feb 28, 2025. The updated
O’'Brien-Fleming one-sided significance boundary at
this interim analysis was 0-0094. An independent data
monitoring committee reviewed efficacy and safety data.
All statistical analyses were performed with SAS
(version 9.4).

Role of the funding source

This study was designed by the principal investigator
(SL) and the funder. The funder provided the study drug,
contributed to data collection and interpretation, funded
the data analysis, participated in the preparation and
review of the manuscript in collaboration with all
coauthors, and made the decision to submit the
manuscript for publication.

Results
From Aug 17, 2023, to Jan 21, 2025, 761 patients
were screened for  eligibility ~among whom
532 (709%) participants were enrolled. Among 229 patients
excluded during screening, the most common reasons
were EGFR-sensitising mutations or ALK rearrangements
(36 [5%] exclusions) and brain metastases (active or
21-5 cm; 32 [4%]). Among the 532 eligible patients,
266 (509) were randomly assigned to receive ivonescimab
plus chemotherapy and 266 (50%) to receive tislelizumab
plus chemotherapy. At data cutoff (Feb 28, 2025),
162 (61%) patients in the ivonescimab group and
134 (50%) patients in the tislelizumab group were still
receiving the assigned treatment. 104 (39%) patients in
the ivonescimab group and 132 (50%) in the tislelizumab
group had discontinued treatment, mainly due to disease
progression in 60 (23%) patients in the ivonescimab
group and 90 (34%) in the tislelizumab group (figure 1).
Baseline characteristics were well balanced between
the two treatment groups (table 1). Most participants
were men with current or former smoking status and
stage IV disease. 105 (39%) patients in the ivonescimab
group and 105 (39%) in the tislelizumab group had a
PD-L1 TPS of less than 1%; 178 (67%) in the ivonescimab
group and 158 (59%) in the tislelizumab group had
central type tumours; and 49 (18%) in the ivonescimab
group and 44 (17%) in the tislelizumab group had major
blood vessel encasement.
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All 266 (100%) participants in the ivonescimab group
and 265 (99%) patients in the tislelizumab group
received at least one dose of treatment and were included
in the safety analysis. Patients received a median of
nine doses (IQR 4-15) of ivonescimab in the ivonescimab
group and eight doses (5-13) of tislelizumab in the
tislelizumab group. In both groups, patients received a
median of four doses (4—4) of carboplatin and paclitaxel
(appendix p 10). 53 (20%) patients in the ivonescimab
group and 72 (27%) in the tislelizumab group received
subsequent systemic antitumour therapy, including
immunotherapy in 20 (8%) patients in the ivonescimab
group and 35 (13%) in the tislelizumab group (appendix
p11).

At data cutoff, the median duration of follow-up was
10-4 months (95% CI 9-3-11-1) in the ivonescimab group
and 10-1 months (9-1-11-4) in the tislelizumab group. A
total of 94 (35%) patients in the ivonescimab group and
127 (48%) in the tislelizumab group experienced disease
progression or death. Median progression-free survival
was 11-1 months (95% CI 9-9-not evaluable [NE]) in the
ivonescimab group versus 6-9 months (5-8-8-6) in the
tislelizumab group (stratified HR 0-60[95% CI10-46-0-78];
onesided p<0.0001), reaching the prespecified
significance threshold (figure 2A).

The estimated PFS rate at 9 months was 62%
(95% CI 54-2-68-4) in the ivonescimab group and 43%
(95% CI 35-7-49.-8) in the tislelizumab group. The PFS
rate at 12 months was 48% (95% CI 40-0-56-3) in the
ivonescimab group and 35% (95% CI 27-8-42-3) in the
tislelizumab group. The results were similar when
progression-free survival was assessed by investigators
(appendix p 5).

Across most subgroups in the prespecified analysis,
improved progression-free survival was found with
ivonescimab plus chemotherapy compared with
tislelizumab plus chemotherapy (figure 3). Median
progression-free survival was 9-9 months (95% CI
8:2-12.5) in the ivonescimab group versus 5-7 months
(5-5-6-9) in the tislelizumab group among patients with
a PD-L1 TPS of less than 1% (unstratified HR 0-55
[95% CI 0-37-0-82]; figure 2B); 12-6 months (9-9-NE)
versus 8-6 months (6-3-15-4) among those with a PD-L1
TPS of at least 1% (0-66 [0-46-0-95]; figure 2C);
12-6 months (9-8-NE) versus 6-9 months (5-5-NE)
among those with a PD-L1 TPS of 1-49%
(0-63 [0-41-0-98]; figure 2D); and 12- 6 months (9-5-NE)
versus 9-7 months (6-7-NE) among those with a PD-L1
TPS of at least 50% (0-71 [0-37-1-33); figure 2E). In
patients with liver metastases, median progression-free
survival was 9.9 months (95% CI 5-2-NE) in the
ivonescimab group versus 5-7 months (4-2-9-5) in the
tislelizumab group (HR 0-53 [95% CI 0-26-1-08)); in
patients without liver metastases, the median
progression-free survival was 11-3 months (9-8-NE)
versus 6-9 months (5-9-9-5; HR 0-64 [95% CI
0-48-0-85]). Corresponding Kaplan-Meier curves in
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Ivonescimab
group (n=266)

Tislelizumab
group (n=266)

Ethnicity
Han
Other
Age, years
Age, years
<65
265
Sex
Male
Female
ECOG performance status score*
0
1
Tobacco smoking status
Never
Current or former
Disease stage
B or lNIC
v
At least three metastatic sites
Yes
No
Liver metastases
Yes
No
Brain metastases
Yes
No

PD-L1 tumour proportion score, %

<1
21
1-49
250
History of haemoptysis
Yes
No
Anatomical tumour type
Central
Peripheral
Major blood vessel encasement
Yes
No
Presence of cavity in tumour
Yes
No

261 (98%)
5(2%)
64 (59-69)

135 (51%)
131(49%)

256 (96%)
10 (4%)

42(16%)
224(84%)

21(8%)
245 (92%)

21(8%)
245(92%)

42 (16%)
224.(84%)

28 (11%)
238 (89%)

9(3%)
257(97%)

105 (39%)
161 (61%)
112 (42%)

49 (18%)

86 (32%)
180 (68%)

178 (67%)
88 (33%)

49 (18%)
217 (82%)

24(9%)
242 (91%)

259 (97%)
7(3%)
64 (59-69)

139 (52%)
127 (48%)

238(89%)
28 (11%)

42(16%)
222 (83%)

37 (14%)
229 (86%)

20 (8%)
246 (92%)

39 (15%)
227 (85%)

45 (17%)
221(83%)

17 (6%)
249 (94%)

105 (39%)
161 (61%)
99 (37%)
62 (23%)

79 (30%)
187 (70%)

158 (59%)
108 (41%)

44 (17%)
222 (83%)

23(9%)
243 (91%)

Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group.
*ECOG scores range from O to 5, with higher scores indicating greater disability.
Two (<1%) patients in the tislelizumab group had no ECOG performance status

score.

Table 1: Baseline participant characteristics
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Figure 2: Progression-free
survival assessed by the
independent radiology
review committee
Kaplan-Meier estimates of
progression-free survival in all
randomly assigned

patients (A); in patients with a
PD-L1TPS of less than 1% (B);
in patients with a PD-L1TPS of
at least 1% (C); in patients with
aPD-L1TPS of 1-49% (D); and
in patients with a PD-L1TPS of
at least 50% (E). HR=hazard
ratio. NE=not evaluable.
TPS=tumour proportion score.
*The number of censored cases
includes administrative
censoring due to data cutoff.
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— 94/266
— 127/266

Number of events/
number of patients

Median progression-free
survival, months (95% Cl)

11:1(9.9-NE)
6:9(5:8-8:6)
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— 58/105

Median progression-free
survival, months (95% Cl)
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Ivonescimab 266 (0) 197(48) 133(81) 86(106) 44(133) 9(165) 0(172) 105(0) 79(17) 53(29) 29(41) 12(52) 1(62) 0(63)
plus chemotherapy
Tislelizumab 266 (0) 190(49) 101(71) 61(90) 34(107) 10(130) 0(139) 105(0) 74(19) 36(26) 18(33) 9(39) 1(46) 0(47)
plus chemotherapy
< Numberofevents/  Median progression-free Numberofevents/  Median progression-free
number of patients  survival, months (95% Cl) number of patients  survival, months (95% Cl)
— 52/161 12:6 (9-9-NE) — 35/112 12:6 (9-8-NE)
— 69/161 86 (6-3-15-4) — 47/99 69 (5-5-NE)
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g
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0 T T T T T 1 T T T T T 1
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Number at risk
(censored*)
Ivonescimab 161(0) 118(31) 80(52) 57(65) 32 (81) 8(103) 0(109) 112(0) 80(25) 52(39) 37(48) 120(59) 5(73) 0(77)
plus chemotherapy
Tislelizumab 161(0) 116(30) 65(45) 43(57) 25(68) 9(84) 0(92) 99(0) 74(15) 41(21) 27(28) 19(33) 7(45) 0(52)
plus chemotherapy
Numberofevents/  Median progression-free
number of patients  survival, months (95% Cl)
— 17/49 12:6 (9-5-NE)
— 22/62 97 (67-NE)
100 ~ 3
g
E 804
c
2 60
g
g
g 20
g Unstratified HR 071 (95% C1 0:37-1:33)
0 T T T T T 1
0 3 6 9 12 15 18
Number at risk
(censored*)
Ivonescimab 49(0) 38(6) 28(13) 20(17) 12(22) 3(30) 0(32)
plus chemotherapy
Tislelizumab  62(0)  42(15) 24(24) 16(29) 6(35) 2(39) 0(40)

plus chemotherapy
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Ivonescimab plus chemotherapy Tislelizumab plus chemotherapy HR (95% CI)
(number of events/number of patients)  (number of events/number of patients)
Age-years
<65 37/135 69/139 —_— 040 (0:26-0.59)
265 57/131 58/127 — el 0-88 (0-61-1-27)
Sex
Male 90/256 118/238 —_ 059 (0-45-078)
Female 4/10 9/28 ;
ECOG score
0 16/42 21/42 _ 061 (0-32-117)
1 78/224 106/222 — 0-61 (0-45-0.82)
Disease stage
StagellB/IIC  12/21 8/20
Stage IV 82/245 119/246 —— 0-55 (0-41-0-73)
PD-L1TPS
<1% 42/105 58/105 ——-—— 0.55(0-37-0-82)
21% 52/161 69/161 R 066 (0-46-0-95)
1-49% 3512 47199 R 063(041-0.98)
250% 17/49 22/62 (RS S S— 071(037-133)
23 Metastases sites ‘
Yes 17/42 26/39 —_ . 046 (0:25-085)
No 771224 101/227 —_— 0-64 (0-48-0-87)
Liver metastases
Yes 11/28 24/45 053 (0-26-1-08)
No 83/238 103/221 — 0-64 (0-48-0-85)
Brain metastases :
Yes 2/9 11/17
No 92/257 116/249 B — 0.64 (0-49-0-85)
Overall 94/266 127/266 — 060 (0-46-0-78)
013 025 050 1.00 200 400
Favours ivonescimab plus chemotherapy Favours tislelizumab plus chemotherapy

Figure 3: Subgroup analysis of progression-free survival according to baseline characteristics

A prespecified subgroup analysis of progression-free survival in all randomly assigned patients. If the number of events at a subgroup level is less than ten, the median

progression-free survival and corresponding HR (95% Cl) are not provided. ECOG=Eastern Cooperative Oncology Group. HR=hazard ratio. TPS=tumour proportion

score.

patients with and without liver metastasis are shown in
the appendix (p 6).

As assessed by the IRRC, an objective response was
observed in 202 (76%) patients (95% CI 70-81) in the
ivonescimab group and 177 (67%) patients (61-72) in the
tislelizumab group (table 2). These results were similar
when the response was assessed by investigators
(191 [729)] vs 175 [66%]; appendix p 12). Median duration
of response was 11-2 months (95% CI 8.5-NE) in the
ivonescimab group and 8-4 months (95% CI 5-7-NE) in
the tislelizumab group. The duration of response rate at
9 months was 60% (95% CI 49.9-68-1) in the
ivonescimab group and 50% (40.3-58.5) in the
tislelizumab group. Corresponding Kaplan-Meier curves
for duration of response are shown in the appendix (p 7).
Time to response was 1-4 months (IQR 1-4-2-7) in both
treatment groups (table 2). At data cutoff, overall survival
data were not mature; only 108 patients died. The results
for the other investigator-assessed outcomes are provided
in the appendix (p 12).

Adverse events related to any treatment drug were
reported in 264 (99%) of 266 patients in the ivonescimab
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Ilvonescimab Tislelizumab
group (n=266)  group (n=266)
Objective response rate* 76% (70-81) 67% (61-72)
Complete response 1(<1%) 0
Partial response 201 (76%) 177 (67%)
Stable disease 39 (15%) 60 (23%)
Progressive disease 6 (2%) 15 (6%)
Disease control rate 91% (86-94) 89% (85-93)
Time to response, monthst 1-4(14-27) 1-4(1-4-27)
Duration of response, months$ 11-2 (8:5-NE) 8-4 (5-7-NE)
Duration of response rate
At 6 months 75% (67-82) 59% (50-67)
At 9 months 60% (50-68) 50% (40-59)
At 15 months 50% (39-60) 40% (27-54)

Data are rate (95% Cl), n (%), median (IQR) for time to response, or median (95% Cl)
for duration of response. NE=not evaluable. *Evaluated by an independent
radiology review committee according to the Response Evaluation Criteria in Solid
Tumours (version 1.1). tAssessed in patients with an objective response. $Evaluated
with the Kaplan-Meier method in patients with an objective response.

Table 2: Tumour responses in patients treated for squamous non-small-

cell lung cancer
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Ivonescimab group (n=266)

Tislelizumab group (n=265)

Any grade Grade 23 Any grade Grade 23
Treatment-related adverse events in 210% of patients*
Alopecia 174 (65%) 0 162 (61%) 0
Anaemia 141 (53%) 17 (6%) 153 (58%) 10 (4%)
Decreased neutrophil count 120 (45%) 85 (32%) 113 (43%) 68 (26%)
Decreased white blood cell count 96 (36%) 29 (11%) 90 (34%) 25(9%)
Decreased platelet count 76 (29%) 7 (3%) 66 (25%) 8(3%)
Hypoaesthesia 71(27%) 0 65 (25%) 0
Decreased appetite 58 (22%) 4 (2%) 64 (24%) 1(<1%)
Increased alanine aminotransferase 52 (20%) 2(1%) 53 (20%) 1(<1%)
Pain in extremity 50 (19%) 3(1%) 33 (12%) 1(<1%)
Proteinuria 48 (18%) 4(2%) 19 (7%) 0
Hypertriglyceridaemia 46 (17%) 3(1%) 33 (12%) 6 (2%)
Hypoalbuminaemia 42 (16%) 0 27 (10%) 0
Increased aspartate aminotransferase 42 (16%) 0 42 (16%) 4(2%)
Leukopenia 38 (14%) 15 (6%) 45 (17%) 11 (4%)
Nausea 38 (14%) 2 (1%) 51(19%) 0
Decreased weight 37 (14%) 2(1%) 27 (10%) (1]
Peripheral neuropathy 34 (13%) 0 32(12%) 2(<1%)
Constipation 33(12%) 0 30 (11%) 0
Hyperuricaemia 33(12%) 1(<1%) 18 (7%) 0
Hypercholesterolaemia 32(12%) 0 32(12%) 1(<1%)
Haemoptysis 32(12%) 4(2%) 10 (4%) 1(<1%)
Increased blood urea 32 (12%) 0 19 (7%) (o]
Diarrhoea 31(12%) 3(1%) 12 (5%) 0
Arthralgia 30 (11%) 2(1%) 20 (8%) 0
Rash 30 (11%) 2(1%) 29 (11%) 2(<1%)
Increased gamma-glutamyltransferase 29 (11%) 3(1%) 33 (12%) 5(2%)
Hyperlipidaemia 29 (11%) 2(1%) 12 (5%) 1(<1%)
Hypothyroidism 28 (11%) 0 29 (11%) 0
Albuminuria 20 (8%) 2(1%) 6 (2%) 0
Immune-related adverse event in 22% of patients
Any 73(27%) 24(9%) 67 (25%) 27 (10%)
Hypothyroidism 21(8%) 0 22(8%) 0
Hyperthyroidism 13(5%) 0 11 (4%) 0
Rash 8(3%) 2(1%) 12 (5%) 2(<1%)
Immune-mediated lung disease 6 (2%) 5(2%) 8(3%) 2 (<1%)
Adverse events possibly related to anti-VEGF therapy
Any 123 (46%) 20 (8%) 60 (23%) 6 (2%)
Proteinuriat 72 (27%) 6 (2%) 29 (11%) 0
Haemorrhaget 57 (21%) 5(2%) 25(9%) 2 (<1%)
Hypertension§ 27 (10%) 8(3%) 12 (5%) 3(1%)
Arterial thromboembolism{] 3(1%) 3(1%) 0 (o]
Venous thromboembolism|| 2 (1%) 0 3(1%) 1(<1%)
Fistula 1(<1%) (4] 0 0

Data are n (%). *Defined as treatment-emergent adverse events with a causality assessment of related, probably
related, or possibly related to any treatment drug (ivonescimab, tislelizumab, paclitaxel, or carboplatin), as well as

those with a missing causality assessment. tincluded proteinuria and albuminuria. tincluded haemoptysis, epistaxis,

urinary occult blood positive, haematuria, gingival bleeding, respiratory tract haemorrhage, upper gastrointestinal
haemorrhage, gastric haemorrhage, haematochezia, haemoglobinuria, occult blood positive, pulmonary
haemorrhage, and red blood cells urine positive. Sincluded hypertension and increased blood pressure. flincluded
acute myocardial infarction and cerebellar infarction. ||Included deep vein thrombosis, jugular vein thrombosis,
pulmonary embolism, and venous thrombosis limb.

Table 3: Adverse events related to treatment, immunity, and possibly anti-VEGF therapy in patients
treated for squamous non-small-cell lung cancer
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group and in 261 (98%) of 265 patients in the tislelizumab
group. Grade 3 or higher treatment-related adverse events
were reported in 170 (64%) patients in the ivonescimab
group and 144 (54%) patients in the tislelizumab group.
The most frequent grade 3 or higher treatment-related
adverse events were decreased neutrophil count
(85[329] 0f 266 in the ivonescimab group vs 68 [2696] of 265
in the tislelizumab group), decreased white blood cell
count (29 [11%] vs 25 [9%]), and anaemia (17 [6%)]
vs ten [4%]; table 3). Treatment-related adverse events
leading to discontinuation of ivonescimab or tislelizumab
occurred in nine (3%) patients in the ivonescimab group
and 11 (4%) patients in the tislelizumab group.
Serious treatment-related adverse events occurred in
86 (32%) patients receiving ivonescimab plus
chemotherapy and in 80 (30%) patients receiving
tislelizumab plus chemotherapy (appendix p 13).
Treatment-related adverse events leading to death
occurred in eight (3%) patients in the ivonescimab group
and ten (4%) patients in the tislelizumab group.

73 (27%) patients in the ivonescimab group and
67 (25%) patients in the tislelizumab group had immune-
related adverse events, of whom 24 (9%) in the
ivonescimab group and 27 (10%) patients in the
tislelizumab group had grade 3 or higher events.
The most frequent immune-related adverse events were
hypothyroidism, hyperthyroidism, rash, and immune-
mediated lung disease (table 3). Adverse events considered
to be possibly related to anti-VEGF therapy occurred more
frequently in the ivonescimab group, most of which were
grade 1-2. The most common grade 3 or higher adverse
events possibly related to anti-VEGF therapy were hyper-
tension, proteinuria, and haemorrhage (table 3).

A total of 233 (88%) patients in the ivonescimab group
and 231 (87%) patients in the tislelizumab group were
included in the quality-of-life analysis. Patient-reported
data on quality of life showed that the median time to
deterioration as per global health status or quality-oflife
domain in the EORTC QLQ-C30 questionnaire was not
reached (95% CI 7.1-NE) in the ivonescimab group
and was 12-4 months (4-2-NE) in the tislelizumab group
(HR 0-94 [95% CI 0-71-1.25]). Corresponding
Kaplan—-Meier curves for time to deterioration are shown
in the appendix (p 8). The deterioration-free rate at
12 months was higher in the ivonescimab group at 53%
(95% CI 45-5-60-6) versus 50% (42-2-57-7) in the
tislelizumab group, but this difference was not
significant.

Discussion

This study is the first phase 3 trial to compare a PD-1-
VEGF-bispecific ~ antibody ~ (ivonescimab)  plus
chemotherapy versus a PD-1mono-antibody (tislelizumab)
plus chemotherapy as a first-line treatment in patients
with advanced squamous NSCLC. The results show
that, compared with tislelizumab plus chemotherapy,
ivonescimab plus chemotherapy significantly prolonged
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median progression-free survival by 4.2 months
(HR 0-60; p<0-0001), and this benefit was observed
among patients regardless of PD-L1 status. We also
observed a higher response rate and longer duration of
response with ivonescimab plus chemotherapy than with
tislelizumab plus chemotherapy. These findings highlight
the role of anti-VEGF therapy in the treatment of
squamous NSCLC. Preclinical studies have shown
synergistic effects between anti-VEGF inhibitors and
ICIs.*® In the final overall survival analysis of the
IMpower 150 study, the combination of atezolizumab and
bevacizumab plus chemotherapy persistently improved
overall survival in patients with metastatic non-squamous
NSCLC compared with bevacizumab plus chemotherapy
alone.* Additionally, atezolizumab plus chemotherapy
alone showed a numerical but not significant improve-
ment in overall survival over bevacizumab plus
chemotherapy, underscoring the synergistic effects of
atezolizumab and bevacizumab.* However, bevacizumab
is only recommended in patients with non-squamous
NSCLC due to the high risk of life-threatening and fatal
bleeding in squamous NSCLC. In the LEAP-007 study,
median progression-free survival was improved with the
combination of pembrolizumab and lenvatinib in patients
with squamous and non-squamous NSCLC; however, the
subgroup analysis showed no benefit in progression-free
survival in patients with squamous NSCLC (HR 1-02).%
HARMONiI-6 is the first study to show the superior
efficacy of an anti-PD-1-VEGF bispecific antibody in
patients with squamous NSCLC. The efficacy of
ivonescimab plus chemotherapy in this study might be
attributed to the synergistic effects of anti-PD-1 and
anti-VEGF mechanisms, as well as the favourable safety
profile of ivonescimab. Ivonescimab is a symmetrical
antibody targeting PD-1 and VEGF, which means it can
target the two proteins in close proximity. Both VEGF and
PD-1 are highly expressed in tumour tissue. The
cooperative binding of VEGF and PD-1 in close proximity
could potentially localise ivonescimab to tumour, thereby
reducing toxicity associated with extra-tumoural VEGF
blockade. %

The subgroup analysis showed that progression-free
survival favoured ivonescimab plus chemotherapy over
tislelizumab plus chemotherapy, regardless of PD-L1
expression. Specifically, ivonescimab plus chemotherapy
showed a greater benefit to progression-free survival than
did tislelizumab plus chemotherapy in patients with a
PD-L1TPS of less than 1% (HR 0-55 [95% CI 0-37-0-82]),
1-49% (0-63[0- 41-0-98]), orat least 50% (0- 71[0- 37-1-33]).
The greatest benefit to progression-free survival was
observed in the subgroup of patients with a PD-L1 TPS of
less than 1%, a population traditionally considered to be
insensitive to immunotherapy. However, the current study
was not powered to investigate subgroups and, thus, these
results should be interpreted with caution.

The adverse events observed in this trial were consistent
with the known profile of adverse events associated with
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ivonescimab, as reported in the HARMONi-A and
HARMONi-2 studies."” No new types of toxicities were
identified. The safety profile was similar between both
treatment groups, with a similar frequency of treatment-
related adverse events, treatment-related adverse
events leading to discontinuation of ivonescimab or
tislelizumab, serious treatment-related adverse events,
and grade 3 or higher immune-related adverse events.
The frequency of grade 3 or higher treatment-related
adverse events was slightly higher in the ivonescimab
group than in the tislelizumab group, primarily due to
the increased occurrence of adverse events related to
anti-VEGF therapy in the ivonescimab group. Despite an
increased frequency of adverse events related to
anti-VEGF therapy in the ivonescimab group, most of
them were grade 1-2. Grade 3 or higher haemorrhage
occurred in five (2%) of 266 patients in the ivonescimab
group versus two (<1%) of 265 patients in the tislelizumab
group, consistent with data reported in the HARMONi-2
study.” In the present study, patients at risk of bleeding
were also enrolled. At baseline, 336 (63%) patients had a
central tumour, 165 (31%) had a history of haemoptysis,
47 (9%) had tumour cavitation, and 93 (18%) had major
blood vessel encasement. Against this background, the
2% prevalence of grade 3 or higher haemorrhage with
ivonescimab is encouraging. Overall, the safety data in
the current study clearly distinguish ivonescimab from
bevacizumab with regard to the feasibility of safe
administration in patients with squamous NSCLC.

A number of study limitations should be noted. This
study was conducted in a single region, and all enrolled
patients were Chinese. Additionally, data on overall
survival were not mature at data cutoff and are not
currently available to be reported. An extended follow-up
is needed to substantiate the benefit to overall survival
with this combination regimen. An ongoing international
phase 3 trial (HARMONi-3) is investigating ivonescimab
plus chemotherapy versus pembrolizumab plus
chemotherapy in patients with untreated, advanced
NSCLC, with primary endpoints of progression-free
survival and overall survival (NCT05899608).

In conclusion, in patients with previously untreated,
advanced squamous NSCLC, ivonescimab plus
chemotherapy showed significantly prolonged pro-
gression-free survival compared with tislelizumab plus
chemotherapy, regardless of the PD-L1 status, along with a
manageable safety profile. This regimen could provide a
new treatment option for this patient population.
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ABSTRACT

BACKGROUND

Sacituzumab tirumotecan (sac-TMT) is an antibody-drug conjugate targeting tropho-
blast cell-surface antigen 2 that has shown significant survival benefits in patients
with EGFR-mutated non-small-cell lung cancer (NSCLC) that has progressed after
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) therapy and
platinum-based chemotherapy.

METHODS

In this phase 3 trial, we enrolled patients with EGFR-mutated locally advanced or
metastatic nonsquamous NSCLC that had progressed after EGFR-TKI therapy. The
patients were randomly assigned, in a 1:1 ratio, to receive sac-TMT monotherapy or
pemetrexed plus platinum-based chemotherapy. The primary end point was progres-
sion-free survival as assessed by blinded independent review. Overall survival was
a hierarchically tested key secondary end point. In the interim analysis of progression-
free survival as assessed by blinded independent review, sac-TMT monotherapy met
the prespecified criterion for significance (two-sided P<0.0001); we report here the
prespecified final analysis of progression-free survival and the preplanned interim
analysis of overall survival.

RESULTS

Overall, 376 patients underwent randomization, with 188 assigned to each group.
After a median follow-up of 18.9 months, the median progression-free survival was
8.3 months in the sacTMT group and 4.3 months in the chemotherapy group (hazard
ratio for disease progression or death, 0.49; 95% confidence interval [CI], 0.39 to 0.62).
Overall survival was significantly longer with sac-TMT than with chemotherapy (haz-
ard ratio for death, 0.60; 95% CI, 0.44 to 0.82; two-sided P=0.001); 18-month overall
survival was 65.8% and 48.0%, respectively. Treatment-related adverse events of
grade 3 or higher occurred in 58.0% of patients receiving sac-TMT and in 53.8% of
those receiving chemotherapy, with the most common being a decreased neutrophil
count (39.9% vs. 33.0%); treatment-related serious adverse events occurred in 9.0%
and 17.6%, respectively.

CONCLUSIONS

In patients with EGFR-mutated advanced or metastatic NSCLC that had pro-
gressed after previous EGFR-TKI therapy, progression-free survival and overall
survival outcomes were significantly better with sac-TMT than with platinum-
based chemotherapy. (Funded by Sichuan Kelun-Biotech Biopharmaceutical;
OptiTROP-Lung04 ClinicalTrials.gov number, NCT05870319.)
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-+ (EGFR) mutations are present in a substan-

~'tial proportion of patients with non—
small-cell lung cancer (NSCLC).! For patients
with EGFR-mutated advanced NSCLC who are not
candidates for curative treatment or for those with
metastatic disease, third-generation EGFR tyrosine
kinase inhibitors (TKIs) are the standard first-line
therapy.2 However, acquired resistance to EGFR-
TKIs inevitably develops, and subsequent treat-
ment options are limited.3* Platinum-based dou-
blet chemotherapy remains a standard of care in
this context, but its efficacy is modest.>” Recent
trials have explored chemotherapy-based combi-
nation strategies incorporating ivonescimab (an
anti-programmed cell death protein 1 [PD-1] and
vascular endothelial growth factor bispecific anti-
body),® sintilimab (a PD-1 inhibitor) with a beva-
cizumab biosimilar drug,® amivantamab (an EGFR
and c-Met bispecific antibody) with or without
lazertinib (an EGFR inhibitor for patients with
EGFR exon 19 deletion),’ and human epidermal
growth factor receptor (HER) 3-directed anti-
body—drug conjugate.® These regimens have
shown improvements in progression-free survival
outcomes; however, overall survival benefits re-
main uncertain. Thus, there remains a need for
new therapies for patients with EGFR-TKI-resis-
tant, EGFR-mutated NSCLC.

Sacituzumab tirumotecan (sac-TMT) is an an-
tibody—drug conjugate targeting trophoblast cell-
surface antigen 2 (Trop-2) that was developed by
conjugating the antibody to a belotecan-derived
topoisomerase I inhibitor. Trop-2 is highly ex-
pressed in EGFR-mutated NSCLC and is associated
with resistance to EGFR-TKIs."! Among various
antigens that can be targeted with antibody—
drug conjugates, Trop-2 is the most strongly and
selectively expressed target in EGFR-TKI-resis-
tant NSCLC cells.!? Of note, the presence of EGFR
mutations has been shown to lead to a signifi-
cant increase in the internalization and lysosomal
uptake of sac-TMT in NSCLC cells.® In the phase
1-2 KL264-01 study, sac-TMT showed encourag-
ing antitumor activity in patients with EGFR-TKI-
refractory advanced NSCLC who had not received
chemotherapy.® These findings were further sup-
ported by the phase 2, randomized OptiTROP-
Lung03 trial, in which sac-TMT showed a sig-
nificant overall survival benefit over docetaxel in
patients with EGFR-mutated NSCLC and progres-
sion after EGFR-TKI therapy and platinum-based

chemotherapy. This phase 3, confirmatory,
randomized trial (OptiTROP-Lung04) was con-
ducted to evaluate the efficacy and safety of sac-
TMT in patients with EGFR-mutated and locally
advanced or metastatic NSCLC that had pro-
gressed after EGFR-TKI therapy.

METHODS

TRIAL DESIGN AND PATIENTS
We conducted a phase 3, multicenter, open-label,
randomized trial at 66 sites in China. Patients 18
to 75 years of age with histologically or cyto-
logically confirmed locally advanced (stage IIIB
or IIIC) or metastatic (stage IV) nonsquamous
NSCLC who were not candidates for curative
surgery or definitive chemoradiotherapy were
eligible to enroll in the trial. All the patients had
tumors harboring sensitizing EGFR mutations,
including exon 19 deletions or exon 21 codon
p.Leu858Arg (L858R) substitutions. Eligibility
criteria required either progression after first- or
second-generation EGFR-TKIs with documented
T790M-negative status or progression after
third-generation EGFR-TKIs regardless of T790M
status. A score of 0 or 1 on the Eastern Coop-
erative Oncology Group (ECOG) performance-
status scale (range, 0 to 5, with higher scores
indicating greater disability) was also required.
Patients with brain metastases were eligible if
the lesions had been treated and were stable.
Full eligibility criteria are specified in the proto-
col, available with the full text of this article at
NEJM.org.

PROCEDURES
The patients were randomly assigned with the
use of a centralized stratified block randomiza-
tion system in a 1:1 ratio to receive either sac-
TMT or pemetrexed plus platinum-based chemo-
therapy. Stratification factors included previous
treatment with third-generation EGFR-TKIs
(first-line use, second-line use, or no previous
use) and brain metastases (presence or absence).
Sac-TMT was administered intravenously at a
dose of 5 mg per kilogram of body weight on
day 1 and day 15 of each 28-day cycle. The che-
motherapy regimen consisted of pemetrexed
(500 mg per square meter of body-surface area)
plus the investigator’s choice of carboplatin
(area under the curve of 5 mg per milliliter per
minute) or cisplatin (75 mg per square meter),
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all administered on day 1 of each 21-day cycle
for up to four cycles, followed by pemetrexed
maintenance therapy. Treatment was continued
until the occurrence of disease progression, un-
acceptable toxic effects, patient withdrawal, or
the fulfillment of any other protocol-specified
discontinuation criteria. Crossover between trial
groups was not allowed; however, patients who
were assigned to receive chemotherapy could
receive sac-TMT after disease progression, since
sac-TMT has been approved and is commercially
available. Interventions and dose reductions to
alleviate symptoms were permitted (details are
provided in Supplementary Methods in the Sup-
plementary Appendix, available at NEJM.org).

ASSESSMENTS
Tumor response and progression were evaluated
by blinded independent review according to
Response Evaluation Criteria in Solid Tumors
(RECIST), version 1.1. Adverse events were mon-
itored throughout the trial, coded according to
the Medical Dictionary for Regulatory Activities, ver-
sion 26.0, and graded according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events, version 5.0. Adverse events that
emerged during treatment were defined as all
adverse medical events that occurred or worsened
from the time the patient first received the trial
treatment until 30 days after the last dose or
before the patient started new antitumor therapy
(whichever occurred first). Patient-reported out-
comes were evaluated with the validated Euro-
pean Organization for Research and Treatment of
Cancer (EORTC) quality-of-life core questionnaire
along with its lung cancer module.’s?

END POINTS

The primary end point was progression-free sur-
vival as assessed by blinded independent review
according to RECIST, version 1.1. Secondary end
points included overall survival; progression-free
survival as assessed by investigators; objective
response (complete or partial response), disease
control, and response duration (each assessed by
both blinded independent review and investiga-
tors); safety; and patient-reported outcomes.

TRIAL OVERSIGHT
This trial was designed by the sponsor, Sichuan
Kelun-Biotech Biopharmaceutical, in collaboration
with the authors. The protocol and all the amend-

ments were approved by the institutional review
board of each participating site. Written informed
consent was obtained from all the participants
before enrollment. The trial was conducted in ac-
cordance with the principles of the Declaration of
Helsinki and all applicable local regulations. An
independent data monitoring committee over-
saw trial conduct, safety, and outcomes. The au-
thors and the sponsor vouch for the complete-
ness and accuracy of the data and for the fidel-
ity of the trial to the protocol. The first draft of
the manuscript was prepared by authors who are
not employees of the sponsor in collaboration
with the sponsor, with medical writing support
funded by the sponsor. Both the sponsor and the
authors were involved in the collection, analysis,
and interpretation of the data, and they reviewed
and approved the manuscript that was submitted
for publication.

STATISTICAL ANALYSIS
We calculated, on the basis of historical data, that
approximately 356 participants would have to be
enrolled for a total of 249 events (disease pro-
gression or death) to occur to give the trial 88%
power to detect a hazard ratio of 0.67 for pro-
gression-free survival at a one-sided alpha level
of 0.025.%*® This sample size would also provide
the trial with 80% power to detect the difference
between the groups in overall survival with the
assumption of a hazard ratio of 0.70. Details on
the sample size calculation can be found in the
protocol.

An interim analysis of progression-free sur-
vival was planned to be performed after at least
174 events had been observed. A Lan-DeMets
alpha-spending function was used to estimate the
O’Brien-Fleming boundary to control the overall
type I error. Overall survival was hierarchically
tested, and an interim analysis with the use of a
similar alpha-spending approach was planned to
be performed after 188 deaths had occurred or
24 months after the first participant underwent
randomization.

The interim analysis of progression-free sur-
vival was conducted with the data-cutoff date of
July 11, 2024; the actual alpha level at the interim
analysis was 0.0337 (two-sided). The results of
the interim analysis were reviewed by the inde-
pendent data monitoring committee, which re-
ported that the significance boundary for pro-
gression-free survival had been met (two-sided
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P<0.0001) (Fig. S1). As of the data-cutoff date of
July 6, 2025, the preplanned interim analysis of
overall survival (actual boundary, two-sided 0.0124,
on the basis of 168 deaths observed) and the final
analysis of progression-free survival were con-
ducted, the results of which are shown here.

Efficacy analyses were conducted in the in-
tention-to-treat population, which included all
the patients who underwent randomization. The
safety analysis included all the patients who re-
ceived at least one dose of trial treatment and had
safety assessment data. The Kaplan-Meier meth-
od was used to estimate median survival. Strati-
fied Cox proportional-hazards models were used
to calculate hazard ratios and corresponding 95%
confidence intervals. Between-group comparisons
of survival were performed with stratified log-rank
tests. Stratified analyses were based on the fac-
tors used at randomization. For time-to-event end
points, missing data were handled under the
assumption of noninformative censoring (see
Table S1 in the Supplementary Appendix for de-
tailed censoring rules).

The percentage of patients with an objective
response was calculated with exact (Clopper—
Pearson) confidence intervals, and between-group
differences were assessed with the Cochran-
Mantel-Haenszel test with adjustment for strati-
fication factors. In the case of missing data for
tumor response in patients who did not receive
treatment, who had no postbaseline assessments,
or who had imaging that could not be evaluated,
the patients were conservatively assumed not to
have had a response. Missing data for other end
points were assumed to be missing at random.
Confidence intervals for end points that were not
part of the hypothesis testing were not adjusted
for multiplicity and should be interpreted as
descriptive only. Prespecified subgroup analyses
and a supplementary analysis are detailed in the
statistical analysis plan (Supplementary Appendix).
All statistical analyses were performed with the
use of SAS software, version 9.4 (SAS Institute).

RESULTS

PATIENTS AND TREATMENT
Between July 6, 2023, and April 24, 2024, a total
of 596 patients were screened, of whom 376 were
enrolled and randomly assigned to receive sac-TMT
(188 patients) or chemotherapy (188 patients)
(Fig. S2). The median age of the patients was 60

years (range, 31 to 75), and 39.6% were men. The
majority of the patients (74.5%) had never smoked.
Most of the patients (97.6%) had stage IV disease
at enrollment. All the patients had an ECOG per-
formance-status score of 0 or 1 (20.7% and 79.3%,
respectively). Most of the patients (94.7%) had
received previous third-generation EGFR-TKISs,
particularly as first-line therapy (in 62.5%). The
baseline characteristics of the patients were gen-
erally balanced between the two groups (Ta-
ble 1). This trial was conducted in China and
enrolled only Asian persons. The characteristics
of the patients were largely representative of the
broad population of Chinese patients with EGFR-
mutated NSCLC (Table S2).

As of the data-cutoff date of July 6, 2025, a
total of 40 patients (21.3%) in the sac-TMT group
and 3 patients (1.6%) in the chemotherapy group
were still receiving trial treatments (Fig. S2). All
the patients were included in the intention-to-
treat population, whereas the safety population
included 188 patients in the sac-TMT group and
182 patients in the chemotherapy group (6 patients
were excluded because they underwent random-
ization but did not receive trial treatment).

PROGRESSION-FREE SURVIVAL
After a median follow-up of 18.9 months, dis-
ease progression (as assessed by blinded inde-
pendent review) or death had occurred in 144
patients (76.6%) in the sac-TMT group and in
159 patients (84.6%) in the chemotherapy group.
The median progression-free survival as assessed
by blinded independent review was longer among
the patients in the sac-TMT group (8.3 months;
95% confidence interval [CI], 6.7 to 9.9) than
among those in the chemotherapy group (4.3
months; 95% CI, 4.2 to 5.5), with a hazard ratio
for disease progression or death of 0.49 (95% CI,
0.39 to 0.62). Progression-free survival at 12
months was 32.3% (95% CI, 25.5 to 39.2) in the
sac-TMT group and 7.9% (95% CI, 4.4 to 12.8) in
the chemotherapy group (Fig. 1A). The most
common sites of progression were lung and cen-
tral nervous system (Table S3). Results according
to investigator assessment were consistent with
those by blinded independent review, with a me-
dian progression-free survival of 8.4 months
(95% CI, 7.1 to 9.7) among the patients in the
sac-TMT group and 4.8 months (95% CI, 4.2 to
5.5) among those in the chemotherapy group, and
with a hazard ratio of 0.51 (95% CI, 0.41 to 0.65).
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Table 1. Baseline Characteristics of the Patients (intention-to-Treat Population).*
Sacituzumab Tirumotecan Chemotherapy

Characteristic (N=188) (N=188)
Age

Median (range) — yr 60 (31-75) 59 (33-75)

265 yr— no. (%) 58 (30.9) 51(27.1)
Male sex — no. (%) 66 (35.1) 83 (44.1)
Asian race — no. (%) 188 (100.0) 188 (100.0)
Smoking history — no. (%)

Current or former smoker 43 (22.9) 53 (28.2)

Never smoked 145 (77.1) 135 (71.8)
ECOG performance-status score — no. (%)

0 35 (18.6) 43 (22.9)

1 153 (81.4) 145 (77.1)
Adenocarcinoma — no. (%) 188 (100.0) 188 (100.0)
Disease stage — no. (%)%

1B or lIC 6(3.2) 3 (L6)

v 182 (96.8) 185 (98.4)
Brain metastases — no. (%) 33 (17.6) 36 (19.1)
Liver metastases — no. (%) 25 (13.3) 33 (17.6)
23 Metastatic sites — no. (%) 128 (68.1) 126 (67.0)
EGFR mutation subtype — no. (%)§

Exon 21 L858R substitution 84 (44.7) 71 (37.8)

Exon 19 deletion 106 (56.4) 118 (62.8)

Other 8 (4.3) 7(3.7)
T790M mutation status — no. (%)

Negative 48 (25.5) 40 (21.3)

Positive 29 (15.4) 36 (19.1)

Unknown 111 (59.0) 112 (59.6)
Previous third-generation EGFR-TKI — no.(%)| 178 (94.7) 178 (94.7)

First-line therapy 118 (62.8) 117 (62.2)

Second-line therapy 60 (31.9) 60 (31.9)

* The intention-to-treat population included all the patients who underwent randomization. TKI denotes tyrosine kinase
inhibitor.

T Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicat-
ing greater disability.

I Disease stage was determined according to the American Joint Committee on Cancer, 8th edition, tumor-node—metas-
tasis staging system.

§ The sum of percentages exceeds 100 because of overlapping mutations in some patients. The subcategory “Other” in-
cludes other EGFR mutations co-occurring with exon 21 L858R substitution or exon 19 deletion.

9 The high percentage of patients with unknown T790M status reflects the eligibility criterion allowing patients to be en-
rolled if their disease had progressed after they had received treatment with third-generation EGFR-TKIs regardless of
T790M mutation status. Many such patients lacked T790M testing results.

The total number of patients who received previous treatment with third-generation EGFR-TKIs (356) does not equal
the sum of patients who received first-line or second-line third-generation EGFR-TKIs (355) because one patient in
the chemotherapy group had previously received osimertinib but discontinued it owing to toxic effects. This patient’s
disease later progressed after treatment with a second-generation EGFR-TKI, and the patient was enrolled in the trial
(T790M mutation negative). Consequently, this patient is categorized as having previous third-generation EGFR-TKI
use but is not included in the count for first-line or second-line third-generation EGFR-TKI therapy.
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A Progression-free Survival
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No. at Risk
Sac-TMT 188 144 108 82 55 35 14 5 0
Chemotherapy 188 125 51 22 12 6 4 0
B Analysis of Progression-free Survival in Prespecified Subgroups
Subgroup Sac-TMT Chemotherapy Hazard Ratio for Disease Progression or Death (35% Cl)
no. of events/total no. of patients
All patients 144/188 159/188 —. 0.49 (0.39-0.62)
Sex
Male 54/66 75/83 S 0.53 (0.37-0.76)
Female 90/122 84/105 —_— 0.44 (0.33-0.60)
Age
<65 yr 100/130 118/137 S — 0.46 (0.35-0.61)
265 yr 44/58 41/51 —_ 0.51 (0.33-0.78)
History of smoking
Current or former smoker 36/43 49/53 —_— 0.56 (0.36-0.88)
Never smoked 108/145 110/135 — 0.44 (0.34-0.59)
ECOG performance-status score
0 24/35 35/43 -~ 0.38 (0.22-0.65)
1 120/153 124/145 — 0.50 (0.39-0.65)
Previous third-generation EGFR-TKI therapy
First-line therapy 89/118 95/117 —_— 0.48 (0.36-0.65)
Second-line therapy 49/60 55/60 —_— 0.49 (0.33-0.73)
Brain metastases
Yes 30/33 31/36 —_— 0.73 (0.43-1.21)
No 114/155 128/152 — 0.43 (0.33-0.56)
Liver metastases
Yes 18/25 28/33 = 0.54 (0.30-0.98)
No 126/163 131/155 — e 0.46 (0.35-0.59)
EGFR mutation subtype
Exon 21 L858R substitution 68/84 59/71 —_— 0.57 (0.39-0.81)
Exon 19 deletion 77/106 101/118 — 0.42 (0.31-0.57)
T790M mutation status
Negative 39/48 32/40 —_——— 0.50 (0.30-0.83)
Positive 23/29 30/36 — = 0.50 (0.28-0.87)
Unknown 82/111 97/112 —_— 0.45 (0.33-0.61)
0.25 O.ISO 1.00 24100
Sac-TMT Better Chemotherapy Better

Progression-free survival at 12 months accord-
ing to investigator assessment was 34.7% (95%
Cl, 27.7 to 41.7) and 10.7% (95% CI, 6.5 to 16.0),
respectively (Fig. S3A). The progression-free sur-

vival benefit with sac-TMT appeared to be consis-
tent across most of the prespecified subgroups;
however, the confidence intervals crossing 1.00
should be interpreted with caution because of
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Figure 1 (facing page). Final Analysis of Progression-
free Survival.

Shown are the results in the intention-to-treat popula-
tion (all 376 patients who underwent randomization)
as of the data-cutoff date of July 6, 2025. Panel A
shows Kaplan—-Meier estimates for the final analysis of
progression-free survival as assessed by blinded inde-
pendent review. Panel B shows a forest plot of pro-
gression-free survival as assessed by blinded indepen-
dent review in prespecified subgroups.
Progression-free survival was defined as the time from
randomization to the first documented disease pro-
gression or death from any cause. Tumor assessments
were conducted by blinded independent review accord-
ing to Response Evaluation Criteria in Solid Tumors,
version 1.1. Eastern Cooperative Oncology Group
(ECOG) performance-status scores range from 0 to 5,
with higher scores indicating greater disability. Confi-
dence intervals have not been adjusted for multiplicity
and should not be used in place of hypothesis testing.
Sac-TMT denotes sacituzumab tirumotecan.

the limited size of the subgroups (Fig. 1B and
Fig. S3B).

OVERALL SURVIVAL
At the preplanned interim analysis of overall sur-
vival, 67 deaths (35.6% maturity) had occurred in
the sac-TMT group and 101 deaths (53.7% matu-
rity) had occurred in the chemotherapy group
after a median follow-up of 18.9 months. Overall
survival was significantly longer with sac-TMT
than with chemotherapy (median, could not be
estimated vs. 17.4 months), with a hazard ratio
for death of 0.60 (95% CI, 0.44 to 0.82) and a two-
sided P value of 0.001, which crossed the pre-
specified significance boundary (two-sided alpha
of 0.0124). Overall survival at 18 months was
65.8% (95% CI, 58.3 to 72.3) with sac-TMT and
48.0% (95% CI, 40.2 to 55.4) with chemotherapy
(Fig. 24).

Of the patients who discontinued the trial
treatment (148 patients in the sac-TMT group
and 179 in the chemotherapy group), 72.3% and
85.5%, respectively, received subsequent antican-
cer treatment. Among the patients who discon-
tinued the trial treatment, 41.9% of those in the
sac-TMT group and 53.6% of those in the chemo-
therapy group received subsequent chemotherapy;
37.2% and 12.8%, respectively, received peme-
trexed-based chemotherapy. Subsequent antibody-
drug conjugates were used in 1.4% of the patients
in the sac-TMT group and in 19.6% of those in
the chemotherapy group (Table $4). In the sup-

plementary analysis, in which data were censored
at the start date of subsequent antibody-drug
conjugate treatment, the hazard ratio for death
was 0.56 (95% CI, 0.41 to 0.77), and overall sur-
vival at 18 months was 66.1% (95% CI, 58.6 to
72.6) in the sac-TMT group and 44.6% (95% CI,
35.9 t0 52.9) in the chemotherapy group (Fig. $4).

Analyses in the prespecified subgroups are
shown in Figure 2B. Among the patients with
brain metastases, the hazard ratio for death was
0.65 (95% ClI, 0.32 to 1.30); among those with liver
metastases, the hazard ratio was 0.53 (95% ClI,
0.26 to 1.10). The wide confidence intervals for
both of these subgroups (brain and liver metas-
tases) were a reflection, in part, of the small num-
bers of patients.

RESPONSE
The percentage of patients with an objective re-
sponse as assessed by blinded independent, re-
view was 60.6% (95% CI, 53.3 to 67.7) in the
sac-TMT group and 43.1% (95% CI, 35.9 to 50.5)
in the chemotherapy group, which yielded an
estimated between-group difference of 17.0 per-
centage points (95% CI, 7.0 to 27.1) (Table 2).
The median duration of response was 8.3 months
(95% CI, 6.2 to 10.0) with sac-TMT and 4.2 months
(95% CI, 3.0 to 4.4) with chemotherapy, and the
estimated percentage of patients with a response
duration of at least 12 months was 36.3% (95%
CI, 27.3 to 45.3) and 8.1% (95% ClI, 3.3 to 15.8),
respectively (Fig. S5). These findings were con-
sistent with those according to investigator as-
sessment (Table S5).

SAFETY
In the safety population, as of the data-cutoff
date of July 6, 2025, the median duration of
treatment was 9.6 months (range, 0.5 to 23.5) in
the sac-TMT group and 4.9 months (range, 0.7 to
22.6) in the chemotherapy group (Table S6). Ad-
verse events that emerged during treatment are
shown in Table S7. Most of the patients had
treatment-related adverse events (100% in the
sac-TMT group and 98.4% in the chemotherapy
group). Treatment-related adverse events of grade
3 or higher were reported in 58.0% of the patients
in the sac-TMT group and in 53.8% of those in
the chemotherapy group (Table 3). Treatment-
related serious adverse events occurred less fre-
quently in the sac-TMT group than in the chemo-
therapy group (9.0% vs. 17.6%); details of the
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A Overall Survival
1004—~—:=
Median
No. of Events/ Overall
2 801 No. of Patients Survival
) — O, {-)
£ N 65.8 (583-723) (%) (95% Cl)
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0 : q | : . i I i Boundary for statistical significance,
0 3 6 9 12 15 18 21 24 two-sided alpha, 0.0124
Months
No. at Risk
Sac-TMT 188 184 167 158 147 127 75 25 0
Chemotherapy 188 180 162 147 132 110 57 13 0
B Analysis of Overall Survival in Prespecified Subgroups
Subgroup Sac-TMT Chemotherapy Hazard Ratio for Death (95% Cl)
no. of events/total no. of patients
Al patients 67/188 101/188 —_— 0.60 (0.44-0.82)
Sex #
Male 28/66 47/83 — = 0.70 (0.44-1.11)
Female 39/122 54/105 —_— 0.54 (0.36-0.81)
Age
<65 yr 41/130 69/137 —_—a 0.55 (0.37-0.81)
265 yr 26/58 32/51 _ 0.62 (0.37-1.05)
History of smoking
Current or former smoker 18/43 29/53 L 0.71 (0.40-1.29)
Never smoked 49/145 72/135 —_— 0.55 (0.38-0.79)
ECOG performance-status score
0 10/35 19/43 = 0.57 (0.27-1.23)
1 57/153 82/145 R 0.59 (0.42-0.83)
Previous third-generation EGFR-TKI therapy
First-line therapy 44/118 67/117 —_—— 0.59 (0.40-0.86)
Second-line therapy 20/60 29/60 = 0.58 (0.33-1.03)
Brain metastases
Yes 13/33 21/36 = 0.65 (0.32-1.30)
No 54/155 80/152 S 0.57 (0.40-0.81)
Liver metastases
Yes 12/25 22/33 i 0.53 (0.26-1.10)
No 55/163 79/155 —. 0.60 (0.43-0.85)
EGFR mutation subtype
Exon 21 L858R substitution 36/84 38/71 _— 0.75 (0.48-1.18)
Exon 19 deletion 31/106 63/118 —_—l-— 0.46 (0.30-0.71)
T790M mutation status
Negative 18/48 21/40 = 0.67 (0.35-1.25)
Positive 7/29 20/36 = 0.36 (0.15-0.85)
Unknown 42/111 60/112 S — 0.62 (0.42-0.92)
O.IZS O.ISO 1.00 2.:)0
Sac-TMT Better Chemotherapy Better
Figure 2. Interim Analysis of Overall Survival.
Shown are the results from the intention-to-treat population (all 376 patients who underwent randomization) as of the data-cutoff date
of July 6, 2025. Panel A shows Kaplan—Meier estimates of overall survival. Panel B shows a forest plot of overall survival in prespecified
subgroups. Overall survival was defined as the time from randomization to death from any cause. For Panel B, the confidence intervals
have not been adjusted for multiplicity and should not be used in place of hypothesis testing. NE denotes could not be estimated.
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Table 2. Efficacy End Points as Assessed by Blinded Independent Review (Intention-to-Treat Population).*
Sacituzumab Tirumotecan Chemotherapy Difference
End Point (N=188) (N=188) (95% CI)
Best overall response — no. (%)
Complete response 1(0.5) 0
Partial response 113 (60.1) 81 (43.1)
Stable disease 50 (26.6) 70 (37.2)
Progressive disease 20 (10.6) 26 (13.8)
Imaging could not be evaluated 1(0.5) 0
No assessmentf 3 (1.6) 11 (5.9)
Objective response — no. (% [95% Cl])i 114 (60.6 81 (43.1 17.0 (7.0t0 27.1)
[53.3-67.7)) [35.9-50.5])
Disease control — no. (% [95% CI])§ 164 (87.2 151 (30.3 6.7 (-0.7 to 14.0)
[81.6-91.6)) [73.9-85.7))
Median response duration (95% Cl) — mo¥ 8.3 (6.2-10.0) 4.2 (3.0-4.4)
Response duration =12 mo (95% CI) — %) 36.3 (27.3-45.3) 8.1(3.3-15.8)

* Tumor response was evaluated by blinded independent review according to the Response Evaluation Criteria in Solid
Tumors, version 1.1. The data-cutoff date was July 6, 2025. The intention-to-treat population included all the patients
who underwent randomization. Confidence intervals have not been adjusted for multiplicity and should not be used in
place of hypothesis testing. The between-group difference was estimated with the Cochran-Mantel-Haenszel test.

 Three patients in the sac-TMT group and 11 in the chemotherapy group had no postbaseline tumor imaging assess-
ments. Among them, 6 patients in the chemotherapy group did not receive treatment and therefore had no post-treat-

ment tumor evaluations.

i Objective response was defined as a complete or partial response.

{ Disease control was defined as a complete response, partial response, or stable disease.

9 Response duration was defined as the time from the first documentation of response to disease progression or death,
whichever occurred first. The median response duration was estimated with the Kaplan-Meier method, with its 95%
confidence interval calculated by the Brookmeyer-Crowley method.

| The percentages of patients with a response duration of at least 12 months were estimated with the Kaplan-Meier
method, and the corresponding 95% confidence intervals were estimated with the exponential Greenwood formula.

events are shown in Table S8. The treatment-
related adverse event of grade 3 or higher that
occurred most frequently in both groups was a
decreased neutrophil count (39.9% with sac-TMT
vs. 33.0% with chemotherapy). The use of granu-
locyte colony-stimulating factor was recorded in
59.0% of the patients in the sac-TMT group and
in 57.7% of those in the chemotherapy group.
Febrile neutropenia occurred in one patient (0.5%)
in the sac-TMT group and in five patients (2.7%)
in the chemotherapy group. Sac-TMT was associ-
ated with a lower incidence of anemia of grade 3
or higher than chemotherapy (11.2% vs. 14.3%),
as well as a lower incidence of thrombocytope-
nia of grade 3 or higher (2.1% vs. 16.5%). None
of the treatmentrelated adverse events led to
treatment discontinuation in the sac-TMT group
(Table 3).

Regarding drug-related adverse events of spe-
cial interest (Table S9), the sac-TMT group had a

higher incidence of stomatitis than the chemo-
therapy group (64.4% vs. 4.9%). In the sac-TMT
group, grade 1 stomatitis occurred in 42 patients
(22.3%), grade 2 in 70 patients (37.2%), and
grade 3 in 9 patients (4.8%); no cases of grade 4
or 5 were reported. A total of 19 patients (10.1%)
in the sac-TMT group had dose reductions because
of stomatitis, but no discontinuations occurred
because of stomatitis. With appropriate interven-
tions and dose reductions to alleviate symptom:s,
all nine cases of grade 3 stomatitis improved to
grade 2 or lower without treatment discontinua-
tion within a median of 10 days after diagnosis.
Ocular-surface toxic effects (e.g., dry eye syn-
drome, increased lacrimation, and keratitis) oc-
curred in 9.6% of the patients in the sac-TMT
group and in 0.5% of those in the chemotherapy
group, with no cases of grade 3 or higher (Table
S9). Only one infusion-related reaction (grade 2)
was reported, which was in the sac-TMT group.
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Table 3. Treatment-Related Adverse Events (Safety Population).*

Sacituzumab Tirumotecan Chemotherapy
Event (N=188) (N=182)

Any grade Grade =3 Any grade Grade 23

number of patients (percent)

Any treatment-related adverse event 188 (100.0) 109 (58.0) 179 (98.4) 98 (53.8)
Leading to dose reduction 57 (30.3) — 41 (22.5) —
Leading to dose interruption 69 (36.7) — 60 (33.0) -
Leading to treatment discontinuation 0 — 1(0.5) —
Leading to death 0 — 1(0.5) —

Any treatment-related serious adverse event 17 (9.0) — 32 (17.6) —

Treatment-related adverse event with an incidence of
210% in either group

Anemia 159 (84.6) 21(112) 139 (76.4) 26 (14.3)
White-cell decreased 157 (83.5) 52 (27.7) 127 (69.8) 40 (22.0)
Alopecia 157 (83.5) 0 17 (9.3) 0
Neutrophil count decreased 142 (75.5) 75 (39.9) 126 (69.2) 60 (33.0)
Stomatitis; 121 (64.4) 9 (4.8) 9 (4.9) 0
Nausea 89 (47.3) 1(0.5) 86 (47.3) 2(L1)
Anorexia 78 (41.5) 0 58 (31.9) 0
Fatigue 72 (38.3) 7(3.7) 73 (40.1) 4(22)
Weight loss 52 (27.7) 0 28 (15.4) 1(0.5)
Thrombocytopenia 51 (27.1) 4(2.1) 85 (46.7) 30 (16.5)
Vomiting 50 (26.6) 0 39 (21.4) 1(0.5)
Alanine aminotransferase increased 46 (24.5) 1(0.5) 63 (34.6) 2(L1)
Constipation 39 (20.7) 0 31(17.0) 0
Aspartate aminotransferase increased 35 (18.6) 1(0.5) 63 (34.6) 2(L1)
Rash 35 (18.6) 0 14 (7.7) 0
Lymphocyte count decreased 30 (16.0) 6(3.2) 23 (12.6) 7(3.8)
Hypoalbuminemia 23 (12.2) 0 27 (14.8) 0
v-Glutamyltransferase increased 20 (10.6) 2(1.1) 27 (14.8) 3 (1.6)
Hyperuricemia 20 (10.6) 0 17 (9.3) 0
Diarrhea 19 (10.1) 1(0.5) 6(3.3) 0
Hypokalemia 14 (7.4) 421 23 (12.6) 7(3.8)

* The data-cutoff date for the safety analysis was July 6, 2025. The safety population included all the patients who received at least one
dose of the assigned trial treatment and underwent a safety assessment. Adverse events were coded according to the Medical Dictionary
for Regulatory Activities, version 26.0, and graded with the use of the National Cancer Institute Common Terminology Criteria for Adverse
Events, version 5.0. Adverse events that emerged during treatment were defined as all adverse medical events that occurred or worsened
from the time the patient first received the trial treatment until 30 days after the last dose or before the patient started new antitumor thera-
py (whichever occurred first).

7 One patient (0.5%) in the chemotherapy group died from a treatment-related adverse event (cardiorespiratory arrest).

I Stomatitis was reported as a group term that included stomatitis, oral ulcer, and aphthous ulcer. In the sac-TMT group, grade 1 stomatitis
occurred in 42 patients (22.3%), grade 2 in 70 (37.2%), and grade 3 in 9 (4.8%); no cases of grade 4 or 5 were reported. In the chemothera-
py group, 7 patients (3.8%) had grade 1 stomatitis and 2 (1.1%) had grade 2 stomatitis.
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No drug-related interstitial lung disease or pneu-
monitis was reported in the sac-TMT group.

PATIENT-REPORTED OUTCOMES
Among the patients who underwent randomiza-
tion, 97.3% of the patients in the sac-TMT group
and 89.9% of those in the chemotherapy group
were able to be evaluated for quality of life. The
time to a deterioration of quality of life related
to global health status and to a deterioration of
clinical status defined by the presence of key lung
cancer-related symptoms including dyspnea,
cough, and chest pain over the duration of trial
treatment appeared to be longer with sac-TMT
than with chemotherapy (Table $10 and Fig. S6).
The curves for these patient-reported outcomes
showed a slight overlap during the initial 3-month
period and consistent separation thereafter.

DISCUSSION

In this phase 3, randomized trial, sac-TMT led to
significantly better progression-free survival and
overall survival outcomes than platinum-based
chemotherapy in patients with EGFR-TKI-resis-
tant, EGFR-mutated advanced NSCLC. These ben-
efits appeared to be generally consistent across
the subgroups. Sac-TMT was associated with a
lower incidence of treatment-related serious ad-
verse events and hematologic toxic effects, such
as anemia and thrombocytopenia, than chemo-
therapy. No new safety signals were identified.

Recent therapeutic advances have primarily
involved multiagent regimens combining chemo-
therapy with an immune checkpoint inhibitor,
antiangiogenic agent, or bispecific EGFR and
c-Met antibody or a HER3-directed antibody—
drug conjugate, as investigated in the HARMONi-A,
ORIENT-31, MARIPOSA-2, and HERTHENA-
Lung02 trials, respectively, but the overall sur-
vival benefit did not reach significance.5#° Of
note, sac-TMT monotherapy in our trial showed
a significant benefit at the preplanned interim
analysis of overall survival after a median fol-
low-up of 18.9 months.

Recent in vitro experiments showed that the
presence of EGFR mutations in NSCLC cells mark-
edly increased sac-TMT internalization and lyso-
somal uptake as compared with wild-type cells.!?
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EGFR-mutated NSCLC cells with EGFR-TKI resis-
tance showed even greater sac-TMT uptake than
cells that had not received a TKI. This enhanced
internalization further translated into higher an-
titumor activity in EGFR-mutated than in wild-type
patient-derived lung cancer organoids.’® These
findings contribute to an understanding of the
significant survival benefit observed with sac-TMT
as compared with docetaxel in the OptiTROP-
LungO03 trial, which specifically enrolled patients
with NSCLC harboring sensitizing EGFR muta-
tions,* whereas other Trop-2-antibody-drug con-
jugates have not shown a significant survival
benefit in unselected NSCLC populations with or
without actionable genomic alterations.’®? The
overall survival benefit shown in the present trial
further supports the potent antitumor efficacy of
sac-TMT in EGFR-mutated NSCLC in the context
of EGFR-TKI resistance.

Analyses in prespecified subgroups showed
patterns favoring sac-TMT for both progression-
free and overall survival, including among pa-
tients with brain metastases, a population with
particularly limited treatment options and an un-
favorable prognosis.®* Since first- and second-
generation EGFR-TKIs remain a recommendation
for first-line therapy according to the Chinese
guidelines, a small proportion of patients in our
trial with negative T790M mutation status had
received first- or second-generation EGFR-TKIs.
Treatment efficacy with sac-TMT was seen in pa-
tients whose tumors had progressed after previ-
ous treatment with third-generation EGFR-TKIs
— the current standard for EGFR-mutated advanced
NSCLC — either as first-line or second-line ther-
apy.??* These collective findings reinforce sac-TMT
as an effective therapeutic option for the broad
population of patients with EGFR-mutated ad-
vanced NSCLC with progression after EGFR-TKIs.

The safety results are consistent with those in
previous reports of sac-TMT and suggest that no
new safety signals were observed.’31425.%6 Sac-TMT
was associated with a higher incidence of stoma-
titis than chemotherapy, with most cases being
mild and with grade 3 or higher cases reported
in very few patients (4.8%; all were grade 3). Fur-
thermore, the time to deterioration of global
quality of life was longer with sac-TMT than with
chemotherapy, which indicated that the adverse

NEJM.ORG

Downloaded from nejm.org at AstraZeneca Limited on November 3, 2025.

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.

11



12

The NEW ENGLAND JOURNAL of MEDICINE

events did not compromise global quality of life.
With sufficient premedication, only one infusion-
related reaction (grade 2) was reported in the
sac-TMT group. Other drug-related adverse events
of special interest were rare, with a low incidence
of ocular-surface toxic effects, and no interstitial
lung disease or pneumonitis was observed.

A strength of our trial is that the results for
overall survival reached statistical significance.
A limitation is that although this trial used a mul-
ticenter design, it was conducted in one region and
enrolled only Asian persons, which raises a ques-
tion regarding the ability to extrapolate these
outcomes to other patient groups. An exploration
of biomarkers in EGFR-mutated NSCLC may be
valuable for determining patient selection,” and
future studies may focus on this question.

Currently, other active agents, such as ami-
vantamab or ivonescimab, are typically adminis-
tered in combination with chemotherapy and
have shown limited or uncertain overall survival
benefits. On the other hand, sac-TMT was ad-
ministered as monotherapy in this trial and has
shown significant progression-free survival and
overall survival benefits over pemetrexed plus
platinum-based chemotherapy. Therefore, sac-TMT
could be considered to be a favorable treatment
option before pemetrexed plus platinum-based
chemotherapy for EGFR-TKI-resistant NSCLC is
considered.

Among patients with advanced EGFR-mutated
NSCLC that had progressed after EGFR-TKI ther-
apy, progression-free survival and overall survival
outcomes were significantly better with sac-TMT
than with standard pemetrexed plus platinum-
based chemotherapy.
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ABSTRACT

BACKGROUND

The primary analysis of this trial showed that first-line treatment with osimertinib plus
chemotherapy with a platinum-based agent and pemetrexed led to significantly longer
progression-free survival than osimertinib monotherapy among patients with epider-
mal growth factor receptor (EGFR)-mutated advanced non-small-cell lung cancer
(NSCLC). Results from the planned final analysis of overall survival are needed.

METHODS

In this phase 3, international, open-label trial, we randomly assigned in a 1:1 ratio
patients with EGFR-mutated (exon 19 deletion or L858R mutation) advanced NSCLC
who had not previously received treatment for advanced disease to receive either
osimertinib (80 mg once daily) plus chemotherapy with pemetrexed (500 mg per
square meter of body-surface area) and a platinum-based agent (cisplatin [75 mg per
square meter] or carboplatin [pharmacologically guided dose]) or osimertinib mono-
therapy (80 mg once daily). The key secondary end point was overall survival.

RESULTS
A total of 557 patients were randomly assigned to the osimertinib plus platinum—
pemetrexed group (279 patients) or the osimertinib monotherapy group (278 pa-
tients). The median overall survival was 47.5 months in the osimertinib plus
platinum—pemetrexed group and 37.6 months in the osimertinib monotherapy
group (hazard ratio for death, 0.77; 95% confidence interval, 0.61 to 0.96; P=0.02).
Grade 3 or higher adverse events of any cause were reported in 70% of the patients
in the osimertinib plus platinum-pemetrexed group and in 34% of the patients in
the osimertinib monotherapy group; adverse events leading to the discontinuation
of osimertinib were reported in 12% and 7%, respectively.

CONCLUSIONS

Among patients with EGFR-mutated advanced NSCLC, first-line treatment with
osimertinib plus platinum—pemetrexed led to significantly longer overall survival
than osimertinib monotherapy and was associated with an increased risk of
reversible adverse events of grade 3 or higher. (Funded by AstraZeneca; FLAURA?2
ClinicalTrials.gov number, NCT04035486.)
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. SIMERTINIB IS A THIRD-GENERATION,
iirreversible, central nervous system
(CNS)-active epidermal growth factor re-
ceptor-tyrosine kinase inhibitor (EGFR-TKI) that
potently and selectively inhibits both EGFR-TKI-
sensitizing and EGFR p.Thr790Met (T790M) re-
sistance mutations.™® On the basis of findings
from the phase 3, international FLAURA trial,3”
osimertinib monotherapy is a preferred first-line
treatment for patients with EGFR-mutated ad-
vanced non—-small-cell lung cancer (NSCLC).31

Findings from previous randomized trials
showed prolonged progression-free survival and
overall survival with the combination of gefitinib
(a first-generation EGFR-TKI) and chemotherapy
with a platinum-based agent and pemetrexed, as
compared with gefitinib alone.!** The phase 3,
international, open-label, randomized FLAURA2
trial evaluated the combination of osimertinib
and chemotherapy with a platinum-based agent
and pemetrexed as firstline treatment for pa-
tients with EGFR-mutated advanced NSCLC.” In
the primary analysis (data cutoff, April 3, 2023),
this combination therapy led to significantly lon-
ger investigator-assessed progression-free survival
than osimertinib monotherapy (hazard ratio for
disease progression or death, 0.62; 95% confi-
dence interval [CI], 0.49 to 0.79; P<0.001), and the
progression-free survival benefit with osimertinib
plus platinum—pemetrexed was consistent across
prespecified subgroups.’® Furthermore, the safety
profile of osimertinib plus platinum—pemetrexed
was consistent with the established profiles of the
individual agents.”>"’

On the basis of the prolonged progression-
free survival and the favorable benefit-risk profile
observed in the primary analysis of the FLAURA2
trial, clinical-practice guidelines recommend osim-
ertinib plus platinum—pemetrexed as a first-line
treatment option for patients with EGFR-mutated
advanced NSCLC.#1*1820 Here, we report the re-
sults of the planned final analysis of overall sur-
vival, the key secondary end point of the trial.

METHODS

PATIENTS
Eligibility criteria have been reported previous-
ly'® and are described in the trial protocol (avail-
able with the full text of this article at NEJM.org).
In brief, patients were eligible for inclusion in
the trial if they were 18 years of age or older (or

220 years of age in Japan) and had locally advanced
or metastatic nonsquamous NSCLC with local or
central confirmation of an EGFR mutation (exon 19
deletion or L858R mutation). Patients had not
previously received systemic treatment for ad-
vanced disease and had a World Health Organi-
zation (WHO) performance-status score of 0 or
1 (scores range from 0 to 5, with higher scores
indicating greater disability). Patients with asymp-
tomatic or stable CNS metastases were eligible.

TRIAL DESIGN AND TREATMENT
Patients were randomly assigned in a 1:1 ratio to
receive either osimertinib plus platinum—peme-
trexed or osimertinib monotherapy. Combination
therapy consisted of osimertinib (80 mg) admin-
istered orally once daily plus chemotherapy with
pemetrexed (500 mg per square meter of body-
surface area) and a platinum-based agent (the
investigator’s choice of either cisplatin [75 mg
per square meter] or carboplatin [a pharmaco-
logically guided dose defined as an area under
the concentration-time curve of 5 mg per mil-
liliter per minute]) administered intravenously
once every 3 weeks for four cycles. This induction
therapy was followed by maintenance therapy
with osimertinib (80 mg once daily) plus peme-
trexed (500 mg per square meter once every 3
weeks). Monotherapy consisted of osimertinib
(80 mg once daily).

Randomization was stratified according to
patient-reported race (Asian Chinese vs. Asian
non-Chinese vs. non-Asian), WHO performance-
status score (0 vs. 1), and method used for tissue
testing for the EGFR mutation (central vs. local).
The randomized trial treatment was continued
until the occurrence of disease progression, which
was assessed by the investigator with Response
Evaluation Criteria in Solid Tumors (RECIST), ver-
sion 1.1; until the occurrence of unacceptable toxic
effects; or until another discontinuation criterion
was met. Continuation of trial treatment beyond
disease progression was permitted if the investi-
gator determined that the patient had a contin-
ued clinical benefit; such treatment was consid-
ered to be a continuation of first-line treatment.
After the discontinuation of trial treatment,
subsequent treatments were chosen by the in-
vestigator.

The trial was designed by the sponsor (Astra-
Zeneca) in consultation with the investigators.
The sponsor was responsible for data collection
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and analysis and had a role in data interpretation.
The first draft of the manuscript was written by
the authors, with medical writing assistance
funded by the sponsor in accordance with Good
Publication Practice guidelines.? The authors had
access to the data and contributed to the devel-
opment of the manuscript, which included ap-
proval of the final version before submission.
The authors vouch for the completeness and ac-
curacy of the data and for the adherence of the
trial to the protocol. Details of trial oversight are
provided in the Supplementary Appendix (avail-
able at NEJM.org).

END POINTS AND ASSESSMENTS
The primary end point was progression-free sur-
vival on the basis of investigator assessment with
RECIST, version 1.1; the results of the primary
analysis have been reported previously.” The key
secondary end point was overall survival, which
was defined as the time from randomization
until death from any cause. Survival status was
assessed every 12 weeks until the occurrence of
death, withdrawal of consent, or the data cutoff
for the final analysis of overall survival. Other
secondary end points (assessed in time-to-event
analyses) included receipt of a first subsequent
treatment or death, second progression-free sur-
vival, and receipt of a second subsequent treat-
ment or death; definitions are provided in the
Supplementary Appendix. Adverse events with
an onset date occurring on or after the date of
the first dose, up to and including 28 days after
the discontinuation of treatment, and before the
start of a subsequent anticancer therapy are re-
ported. Adverse events were graded according to
the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, version 5.0.

STATISTICAL ANALYSIS
The full analysis set included all the patients who
had undergone randomization and was used for
the summary of baseline characteristics and for
efficacy assessments. The safety analysis set in-
cluded all the patients who had undergone ran-
domization and received at least one dose of trial
treatment, according to the actual treatment re-
ceived.

Time-to-event end points, including overall sur-
vival, were analyzed with a log-rank test that was
stratified according to patient-reported race, WHO
performance-status score, and method used for

tissue testing for the EGFR mutation. The Efron
method was used for handling ties. For overall
survival, proportional hazards were tested by first
examining plots of complementary log-log (event
times) as compared with log (time) and then fit-
ting a time-dependent covariate (adding a treat-
ment-by-time or treatment-by-natural log [time]
interaction term). Median values with 95% con-
fidence intervals were calculated with the Kaplan—
Meier method. An exploratory subgroup analysis
of overall survival, which included the same sub-
groups that were prespecified for the subgroup
analysis of progression-free survival, was per-
formed with a Cox proportional-hazards model.
In the subgroup analysis, the widths of the confi-
dence intervals have not been adjusted for multi-
plicity and should not be used to infer definitive
treatment effects.

Progression-free survival and overall survival
were tested in a hierarchical procedure. Analyses
of overall survival were to be performed at the
time of the primary analysis of progression-free
survival (reported previously) and again at ap-
proximately 60% data maturity, when approxi-
mately 334 deaths had been observed across the
two treatment groups. In the analyses of overall
survival, the type I error was controlled at 5%
(two-sided) with an O’Brien—Fleming spending
rule. In the final analysis of overall survival, sta-
tistical significance was defined by a two-sided
P value of less than 0.04953. Additional details
regarding the testing procedure for overall sur-
vival are provided in the Supplementary Appendix.
The data cutoff for the final analysis of overall
survival was June 12, 2025.

RESULTS

PATIENTS AND TREATMENT
Between June 1, 2020, and December 22, 2021, a
total of 557 patients were randomly assigned to
the osimertinib plus platinum-pemetrexed group
(279 patients) or the osimertinib monotherapy
group (278 patients).> The characteristics of the
patients at baseline were balanced between the
two groups (Table S1).® The demographic char-
acteristics of the trial population were generally
similar to those of an international population
of patients with EGFR-mutated NSCLC, although
Black patients were underrepresented (Table S2).

Overall, 276 patients received osimertinib plus
platinum—pemetrexed and 275 received osimer-
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tinib monotherapy; 6 patients received no trial
treatment. At the data cutoff, the median dura-
tion of total exposure to osimertinib (including
treatment beyond disease progression) was 30.5
months (range, 0.1 to 59.0) in the osimertinib
plus platinum-pemetrexed group and 21.2 months
(range, 0.1 to 59.2) in the osimertinib monother-
apy group. In the osimertinib plus platinum-
pemetrexed group, the median duration of total
exposure to pemetrexed was 8.3 months (range,
0.7 to 58.9), with patients receiving a median of
11 cycles (range, 1 to 67), and the median dura-
tion of total exposure to carboplatin or cisplatin
was 2.8 months (range, 0.7 to 4.1), with patients
receiving a median of 4 cycles (range, 1 to 6).
The 2 patients who received more than 4 cycles
of carboplatin or cisplatin were recorded as hav-
ing important protocol deviations.

At the data cutoff, osimertinib treatment was
ongoing in 76 of the 276 patients (28%) who
received the trial treatment in the osimertinib
plus platinum-pemetrexed group and in 49 of
the 275 patients (18%) who received the trial
treatment in the osimertinib monotherapy group
(Fig. S1); pemetrexed treatment was ongoing in
12 patients (4%) in the osimertinib plus platinum—
pemetrexed group. The most common reasons
for the discontinuation of osimertinib were dis-
ease progression (occurring in 127 patients [46%]
in the osimertinib plus platinum—pemetrexed
group and in 185 patients [67%)] in the osimertinib
monotherapy group) and adverse events (occur-
ring in 34 [12%)] and 20 [7%], respectively). The
most common reason for the discontinuation of
pemetrexed was adverse events (occurring in 139
patients [50%] in the osimertinib plus platinum—
pemetrexed group). In the osimertinib plus plati-
num-pemetrexed group, 77% of the patients
completed the 4 planned cycles of carboplatin or
cisplatin, and no patients were receiving ongo-
ing carboplatin or cisplatin treatment at the data
cutoff.

Overall, osimertinib treatment was continued
beyond disease progression (defined according
to RECIST or the investigator) in 125 patients
(45%) in the osimertinib plus platinum—peme-
trexed group and in 171 patients (62%) in the
osimertinib monotherapy group. The duration of
exposure to osimertinib as treatment beyond dis-
ease progression was similar in the two treat-
ment groups (Table S3).

EFFICACY
At the data cutoft, 144 patients (52%) in the osim-
ertinib plus platinum-pemetrexed group and 171
patients (62%) in the osimertinib monotherapy
group had died (57% overall data maturity). The
median duration of follow-up for overall survival
among all the patients was 42.6 months (range,
0.1 to 60.4) in the osimertinib plus platinum—
pemetrexed group and 35.7 months (range, 0.1
to 60.1) in the osimertinib monotherapy group.
The median overall survival was 47.5 months
(95% CI, 41.0 to not calculable) in the osimertinib
plus platinum—-pemetrexed group and 37.6 months
(95% ClI, 33.2 to 43.2) in the osimertinib mono-
therapy group (hazard ratio for death, 0.77; 95%
CI, 0.61 to 0.96; P=0.02) (Fig. 1). An early inter-
section of the Kaplan—-Meier curves was ob-
served; separation of the curves in favor of osim-
ertinib plus platinum-pemetrexed started at
approximately 16 months and was maintained
until the data cutoff. Formal testing of the pro-
portional-hazards assumption did not show sig-
nificant evidence of a violation (P=0.10 by the
Wald chi-square test of the time-dependent in-
teraction coefficient). Overall survival at 36 months
was 63% (95% CI, 57 to 69) in the osimertinib plus
platinum—pemetrexed group and 51% (95% CI,
45 to 57) in the osimertinib monotherapy group.

Overall survival in prespecified subgroups is
shown in Figure 2. Kaplan—-Meier plots of overall
survival in subgroups defined according to CNS
metastases status at baseline and EGFR muta-
tion are shown in the Supplementary Appendix.
Among patients with CNS metastases at base-
line, 36-month overall survival was 57% (95%
CI, 48 to 66) in the osimertinib plus platinum—
pemetrexed group and 40% (95% CI, 31 to 49)
in the osimertinib monotherapy group (Fig. $2);
among patients without CNS metastases at base-
line, 36-month overall survival was 67% (95%
CI, 59 to 74) and 58% (95% CI, 50 to 65), respec-
tively. Among patients with EGFR L858R muta-
tions, 36-month overall survival was 54% (95%
CI, 44 to 63) in the osimertinib plus platinum—
pemetrexed group and 42% (95% CI, 32 to 51) in
the osimertinib monotherapy group (Fig. S3);
among patients with EGFR exon 19 deletions,
36-month overall survival was 69% (95% CI, 61
to 75) and 57% (95% CI, 49 to 64), respectively.
Results for other secondary end points are shown
in Table S4.

N ENGLJ MED NEJM.ORG

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Thomas Jefferson University on November 3, 2025.

Copyright © 2025 Massachusetts Medical Society. All rights reserved, including those for text and data mining, Al training, and similar technologies.



OSIMERTINIB PLUS CHEMOTHERAPY IN EGFR-MUTATED NSCLC

1.0~
= 094 Median
3 o8 - (95% CI)
a 0.7- Osimertinib “: mo
T o6 fefe Osimertinib+ 47.5 (41.0-NC)
2 &5 i Platinum—Pemetrexed
g ° Osimertinib 37.6 (33.2-43.2)
0.4_ [
z 0.3 ' Hazard ratio for death, 0.77
| - ' (95% Cl, 0.61-0.96)
4 024 : P=0.02
1 1
8 014 !
1
0.0 T T T T T T T ‘ T T T 1 T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63
Months since Randomization
No. at Risk
Osimertinib+ 279 267 258 253 245 240 236 226 218 202 196 183 170 158 143123105 71 36 16 1 0
platinum—pemetrexed
Osimertinib 278 267 260 257 252 245 229 214 195 180 165 152 137 131118103 93 61 38 16 1 0
Figure 1. Overall Survival.
Kaplan—Meier estimates of overall survival in the full analysis set are shown. Tick marks indicate censored data: patients who had not
died at the time of the analysis had their data censored at the last recorded known survival date. Dashed lines indicate the 24-month,
36-month, and 48-month landmark estimates. The median duration of follow-up among patients with censored data was 51.2 months
(range, 0.2 to 60.4) in the osimertinib plus platinum—pemetrexed group and 51.3 months (range, 0.1 to 60.1) in the osimertinib mono-
therapy group; the median duration of follow-up among all the patients, regardless of censoring, was 42.6 months (range, 0.1 to 60.4)
and 35.7 months (range, 0.1 to 60.1), respectively. NC denotes not calculable.

FIRST SUBSEQUENT ANTICANCER TREATMENT

Among patients who had discontinued first-line
treatment with osimertinib owing to disease pro-
gression, 88 of 127 patients (69%) in the osimer-
tinib plus platinum-pemetrexed group and 143 of
185 patients (77%) in the osimertinib monothera-
py group received a first subsequent treatment
(Fig. 3). In the osimertinib plus platinum-peme-
trexed group, the most common first subsequent
treatments were platinum-based chemotherapy
(received by 39 of 88 patients [44%]) and non—
platinum-based chemotherapy (received by 26 of
88 patients [30%]). In the osimertinib monothera-
py group, the most common first subsequent
treatment was platinum-based chemotherapy (re-
ceived by 103 of 143 patients [72%]).

SAFETY
Overall, 551 patients received at least one dose of
trial treatment (276 in the osimertinib plus plati-
num-pemetrexed group and 275 in the osimerti-
nib monotherapy group). With more than 2 years
of additional follow-up, safety findings were con-
sistent with those reported at the time of the
primary analysis (Table 1)."* The most common
adverse events are summarized in Table 2. Grade
3 or higher adverse events of any cause were re-

ported in 193 patients (70%) in the osimertinib
plus platinum-pemetrexed group and in 94 pa-
tients (34%) in the osimertinib monotherapy
group; most of the grade 3 or higher adverse
events that were reported in the osimertinib
plus platinum—pemetrexed group were related
to myelosuppressive effects (Table S5).

Serious adverse events of any cause were re-
ported in 126 patients (46%) in the osimertinib
plus platinum—pemetrexed group and in 75 pa-
tients (27%) in the osimertinib monotherapy group
(Table S6), and adverse events leading to death
were reported in 22 (8%) and 10 (4%), respectively
(Table S7). Overall, 5 patients (2%) in the osimer-
tinib plus platinum-pemetrexed group and 2 pa-
tients (1%) in the osimertinib monotherapy group
had adverse events leading to death that were
considered by the investigator to be possibly caus-
ally related to trial treatment; all these patients
had died by the data cutoff for the primary analy-
sis, except for 1 patient in the osimertinib mono-
therapy group.® The adverse events leading to
death that were considered by the investigator to
be possibly causally related to osimertinib plus
platinum-pemetrexed were pneumonia, sepsis,
pulmonary embolism, respiratory failure, and car-
diac failure (occurring in 1 patient each).
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Subgroup Platinum—Pemetrexed ~Osimertinib
no. of events/no. of patients

Overall

Stratified log-rank analysis 144/279 171/278

Unadjusted Cox proportional-hazards analysis 144/279 171/278
Sex

Male 65/106 72/109

Female 79/173 99/169
Race

Asian Chinese 34/71 39/69

Asian non-Chinese 65/107 66/107

Non-Asian 45/101 66/102
Method used for tissue testing

Central 65/121 73/119

Local 79/158 98/159
Age

<65 yr 80/174 95/166

265 yr 64/105 76/112
History of smoking

Yes 52/91 60/97

No 92/188 111/181
EGFR mutation at randomization

Exon 19 deletion 78/172 95/169

L858R mutation 66/106 74/107
WHO performance-status score

0 47/101 55/102

1 97/178 116/176
CNS metastases at baseline

Yes 71/116 79/110

No 73/163 92/168

Osimertinib+

Hazard Ratio for Death (95% Cl)

0.77 (0.61-0.96)
0.76 (0.61-0.95)
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0.76 (0.56-1.02)
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Figure 2. Subgroup Analysis of Overall Survival.

A forest plot of overall survival in prespecified subgroups is shown. A hazard ratio of less than 1 indicates a lower risk of death with
osimertinib plus platinum—pemetrexed than with osimertinib monotherapy. The Cox proportional-hazards model included the random-
ized trial treatment, the subgroup covariate of interest, and the treatment according to subgroup interaction. Race was reported by the
patient; options were given on a drop-down list at randomization. EGFR is the gene that encodes the epidermal growth factor receptor.
Patients with co-occurrence of an exon 19 deletion and a L858R mutation were included in the subgroup for exon 19 deletion. World
Health Organization (WHO) performance-status scores range from 0 to 5, with higher scores indicating greater disability. A score of 0
indicates that the patient is fully active and able to carry out all predisease activities without restrictions, and a score of 1 indicates that
the patient is restricted in physically strenuous activity but is ambulatory and able to carry out work of a light or sedentary nature, such
as light housework or office work. Central nervous system (CNS) metastases status at baseline was based on investigator assessment of
data in the electronic case-report form regarding the CNS lesion site at baseline, medical history, surgical history, or history of radio-
therapy for CNS metastases. The shaded area indicates the 95% confidence interval for the overall hazard ratio for death among all the
patients. In the subgroup analysis, the widths of the confidence intervals have not been adjusted for multiplicity and should not be used

to infer definitive treatment effects.

Adverse events leading to the discontinuation

of osimertinib were reported in 34 patients (12%)
in the osimertinib plus platinum-pemetrexed
group and in 20 patients (7%) in the osimertinib
monotherapy group. Interstitial lung disease was
the most common of these events, occurring in
5 patients (2%) in the osimertinib plus platinum-

pemetrexed group and in 6 patients (2%) in the
osimertinib monotherapy group (Table S8). (In-
formation on dose modification for osimertinib
is provided in the Supplementary Appendix.) Ad-
verse events leading to the discontinuation of
pemetrexed were reported in 137 patients (50%)
in the osimertinib plus platinum—pemetrexed
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group; anemia and neutropenia were the most
common of these events, occurring in 16 patients
(6%) and 14 patients (5%), respectively (Table S9).
Adverse events leading to the discontinuation of
carboplatin or cisplatin were reported in 46 pa-
tients (17%) in the osimertinib plus platinum-
pemetrexed group; thrombocytopenia and de-
creased neutrophil count were the most common,
occurring in 6 (2%) and 5 (2%), respectively (Ta-
ble §10).

DISCUSSION

Results from the FLAURA2 trial showed signifi-
cantly longer overall survival with osimertinib
plus platinum-pemetrexed than with osimertinib
monotherapy as firstline treatment among pa-
tients with EGFR-mutated advanced NSCLC. With
more than 2 years of additional follow-up since
the primary analysis, no new toxic effects emerged.
The incidence of grade 3 or higher adverse events
was greater with osimertinib plus platinum-
pemetrexed than with osimertinib monotherapy,
a difference driven mainly by myelosuppressive
effects, which are expected with a chemotherapy-
containing regimen. Overall, the percentages of
patients with grade 3 or higher adverse events
(70% in the osimertinib plus platinum—peme-
trexed group and 34% in the osimertinib mono-
therapy group) were similar to those reported at
the time of the primary analysis (64% and 27%,
respectively).!® Grade 4 adverse events were un-
common.

Data from the time of the primary analysis
(data cutoff, April 3, 2023) showed that the onset
of most adverse events in the osimertinib plus
platinum—pemetrexed group was highest during
the induction period, and the frequency decreased
over time during the maintenance period.” This
finding suggests that the burden of toxic effects
associated with osimertinib plus platinum—peme-
trexed diminishes over time as patients progress
from receiving the initial induction therapy to
receiving maintenance therapy with osimertinib
plus pemetrexed and eventually receiving main-
tenance therapy with osimertinib alone. Health-
related quality-of-life data from the primary
analysis suggest that patient quality of life was
maintained with the combination therapy?;
however, quality-of-life data were not collected
beyond the data cutoff for the primary analysis.
The effect of the duration of exposure to peme-
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Figure 3. Summary of First Subsequent Treatments Received.

Bar plots of the first subsequent treatments received among patients who
had discontinued first-line treatment with osimertinib owing to disease
progression are shown. Subsequent treatments were chosen by the inves-
tigator. Trial treatment that was continued beyond disease progression
was considered to be first-line treatment and is not included here. The
“other” category included antibody—drug conjugates, immunotherapies
(programmed death 1 and programmed death ligand 1 inhibitors), other
investigational anticancer therapies, antiangiogenic therapies (vascular
endothelial growth factor [VEGF] and VEGF receptor inhibitors), catequen-
tinib hydrochloride, savolitinib, and unspecified herbal and traditional anti-
cancer medicines. One patient in the osimertinib plus platinum-peme-
trexed group and eight patients in the osimertinib monotherapy group
received osimertinib in combination with platinum-based doublet chemo-
therapy as the first subsequent treatment. EGFR denotes epidermal
growth factor receptor.

trexed on clinical outcomes requires further
investigation.?

The median overall survival with osimertinib
plus platinum-pemetrexed was 47.5 months
(95% CI, 41.0 to not calculable). The previous
benchmark for overall survival among patients
with EGFR-mutated advanced NSCLC was set in
the FLAURA trial, which established osimertinib
monotherapy as standard care by showing sig-
nificantly longer progression-free survival and
overall survival than those seen with first-gen-
eration EGFR-TKIs.>10820 The median overall
survival with osimertinib monotherapy in the
FLAURA trial was 38.6 months (95% CI, 34.5 to
41.8),” which is consistent with the median over-
all survival of 37.6 months (95% CI, 33.2 to 43.2)
seen in the osimertinib monotherapy group in the
FLAURA?2 trial. Both results represent an improve-
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Table 1. Summary of Adverse Events.*
Primary Analysis Final Analysis of Overall Survival
Event (data cutoff, April 3, 2023) (data cutoff, June 12, 2025)
Osimertinib + Osimertinib+
Platinum-Pemetrexed ~ Osimertinib ~ Platinum—Pemetrexed ~ Osimertinib
(N=276) (N=275) (N=276) (N=275)
number of patients (percent)
Adverse event of any cause 276 (100) 268 (97) 276 (100) 269 (98)
Grade 23 adverse event 176 (64) 75 (27) 193 (70) 94 (34)
Adverse event leading to death 18 (7) 8(3) 22 (8) 10 (4)
Serious adverse event 104 (38) 53 (19) 126 (46) 75 (27)
Adverse event leading to discontinuation of treatment
Discontinuation of any trial treatment 132 (48) 17 (6) 150 (54) 20 (7)
Discontinuation of osimertinib 30 (11) 17 (6) 34 (12) 20(7)
Discontinuation of carboplatin or cisplatiny 46 (17) — 46 (17) —
Discontinuation of pemetrexed 119 (43) — 137 (50) —
Adverse event considered by the investigator to be 269 (97) 241 (88) 269 (97) 242 (88)
possibly causally related to any trial treatment
Grade 23 adverse event 146 (53) 29 (11) 152 (55) 35 (13)
Adverse event leading to death 5(2) 1(<1) 5(2) 2(1)
Serious adverse event 52 (19) 15 (5) 56 (20) 18 (7)

* The safety analysis set included all the patients who had undergone randomization and received at least one dose of trial treatment, accord-
ing to the actual treatment received. Adverse events with an onset date occurring on or after the date of the first dose, up to and including
28 days after the discontinuation of treatment, and before the start of a subsequent anticancer therapy are reported. Adverse events were
graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0.

T Carboplatin or cisplatin treatment was capped at four cycles; 77% of the patients in the osimertinib plus platinum—pemetrexed group com-
pleted four cycles.

ment over the median overall survival of 31.8
months (95% CI, 26.6 to 36.0) reported with
comparator first-generation EGFR-TKIs in the
FLAURA trial?

This prespecified final analysis of overall
survival from the FLAURA?2 trial confirms that
the prolonged antitumor effect that was seen
with osimertinib plus platinum—pemetrexed in
the primary analysis translates into a significant
overall survival benefit, reinforcing the long-term
efficacy of the combination therapy. Although
most patients in the osimertinib monotherapy
group who had discontinued first-line treatment
with osimertinib owing to disease progression
received platinum-based doublet chemotherapy
as the first subsequent treatment, results for over-
all survival in this group were inferior to those
seen with the combination therapy. This obser-
vation supports the notion that the initiation of
combination therapy from the onset may be a
preferred treatment approach, although the trial

was not designed to compare sequential treat-
ment (first-line osimertinib monotherapy fol-
lowed by second-line chemotherapy) with com-
bination treatment (first-line osimertinib plus
platinum-pemetrexed chemotherapy), and com-
parisons between clinical trials are difficult. The
overall survival benefit observed with osimertinib
plus platinum—-pemetrexed as compared with
osimertinib monotherapy in the FLAURA2 trial
underscores the importance of initiating effective
combination therapies as first-line treatment.
The combination therapy used in this trial
was associated with a higher incidence of grade
3 or higher adverse events and of adverse events
leading to the discontinuation of treatment than
osimertinib monotherapy. Most high-grade toxic
effects associated with the combination therapy
were related to myelosuppressive effects, which
are generally dose-related and reversible, with sup-
portive interventions available to ameliorate such
effects.?*3! Data from the phase 3 MARIPOSA
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trial showed that combination therapy with ami-
vantamab and lazertinib had better efficacy than
osimertinib monotherapy among patients with
EGFR-mutated advanced NSCLC and was also as-
sociated with an increased incidence of toxic
effects.»* The increased risk of toxic effects
associated with these combination therapies un-
derscores the need for clinical vigilance to prompt-
ly identify and manage adverse events in routine
practice. This consideration may be particularly
relevant for chemotherapy-eligible patients who
are deemed frail, especially given that such pa-
tients are typically underrepresented in clinical
trials** — including the FLAURA?2 trial, in which
most participants had a WHO performance-sta-
tus score of 0 or 1. These factors emphasize the
need for shared decision making with patients,
in which the greatest survival benefit is balanced
against the increased risk of toxic effects from
the addition of chemotherapy to osimertinib when
used as first-line treatment.

Phase 3 trials of combination therapies with
EGFR-TKIs and angiogenesis inhibitors have
shown a significant improvement in progression-
free survival, but with no corresponding im-
provement in overall survival.®*” Further investi-
gation to determine the reason that an overall
survival benefit is observed in some, but not all,
trials of EGFR-TKI-based combination therapies
is warranted. Combination therapy with an
EGFR-TKI and platinum-pemetrexed chemo-
therapy may be a particularly effective strategy,
given that EGFR mutations predominantly occur
in adenocarcinomas,® which express lower lev-
els of thymidylate synthase than other histologic
types of NSCLC.*® An association between lower
levels of thymidylate synthase and improved sur-
vival outcomes has been reported with the use of
pemetrexed.*

Most patients in the FLAURA?2 trial who dis-
continued firstline treatment with osimertinib
owing to disease progression went on to receive
second-line treatment (69% of the patients in the
osimertinib plus platinum-pemetrexed group and
77% of those in the osimertinib monotherapy
group). Subsequent treatments were chosen by the
investigator, and the choices were consistent with
current treatment guidelines.31%% Nearly half the
patients in the osimertinib plus platinum-peme-
trexed group who discontinued firstline treatment
with osimertinib owing to disease progression
were rechallenged with platinum-based doublet

chemotherapy, and another 30% received non—
platinum-based chemotherapy. In most patients
who received osimertinib plus platinum-peme-
trexed, first-line treatment with osimertinib was
continued long after the cessation of pemetrexed
maintenance therapy (the median duration of
exposure was 30.5 months with osimertinib and
8.3 months with pemetrexed). The long chemo-
therapy-free period before disease progression
might have allowed many patients to receive
platinum-based chemotherapy again, although we
acknowledge that the choice of subsequent treat-
ment is influenced by multiple factors.

Beyond chemotherapy, new options are emerg-
ing for second-line or later treatment that may
yield further improvements in overall survival,
including antibody—drug conjugates directed to-
ward trophoblast cell surface antigen 2 (TROP2)
and cMET-targeted therapies.*** Known acquired
resistance mechanisms for osimertinib plus plati-
num-pemetrexed are similar to those reported
for osimertinib monotherapy,® which suggests
that second-line treatment that targets resistance
mechanisms will probably not be influenced by
the addition of chemotherapy to osimertinib in
first-line treatment. However, additional research
would help to inform the best therapeutic se-
quence, including treatment options that are not
guided by biomarkers.

Results from this trial provide evidence that
first-line treatment with osimertinib plus plati-
num-pemetrexed led to significantly longer over-
all survival than osimertinib monotherapy among
patients with EGFR-mutated advanced NSCLC.
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