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Background: The treatment of patients with advanced epidermal growth factor
receptor (EGFR)-mutated non-small-cell lung cancer (NSCLC) whose disease
progresses after tyrosine-kinase inhibitors (TKls) treatment has become a
research hotspot.

Objective: To identify effective and safe treatment options for patients with
EGFR-mutated advanced NSCLC who progressed on TKis.

Methods: We searched databases including PubMed, Cochrane Library, and
major international conference abstracts (2018-2023) to identify phase II/llI
randomized controlled trials (RCTs) and single-arm studies of EGFR-mutated
advanced NSCLC post-TKI progression from April 2018 to June 2024. Outcomes
included progression-free survival (PFS), overall survival (OS), objective response
rate (ORR), and grade >3 adverse events (AEs), treatment-related AEs (TRAEs),
and TRAE-related deaths. Bayesian network meta-analysis and individual patient
data (IPD) meta-analysis were performed to compare treatment efficacy
and safety.

Results: This meta-analysis included randomized controlled trials (RCTs) and 5
single-arm phase 2 trials (3116 patients) evaluating 7 treatment regimens for
EGFR-mutated advanced NSCLC post-TKI progression. In the network meta-
analysis (NMA), amivantamab plus lazertinib plus chemotherapy (amiva-lazer-
chemo) yielded the highest PFS (surface under the cumulative ranking curve
[SUCRA]: 0.88; hazard ratio [HR] vs chemotherapy, 0.44; 95% Cl, 0.32-0.61),
followed by AK112 plus chemotherapy (SUCRA: 0.79; HR, 0.46; 95% ClI, 0.32-
0.67). All regimens significantly improved PFS compared with chemotherapy
alone. Amivantamab plus chemotherapy ranked highest for ORR (SUCRA: 0.82;
odds ratios [OR] vs chemotherapy, 3.16; 95% CI, 1.09-9.41). Amiva-lazer-chemo
had the highest grade >3 AE incidence. IPD analysis confirmed superior PFS for
amiva-lazer-chemo (median, 8.45 months; 95% Cl, 7.02-9.26; HR vs
chemotherapy, 0.47; 95% CI, 0.40-0.55; P <.001). Moderate ORR
heterogeneity (1> = 52.2%) and high AE heterogeneity (1> = 79.5%-92.1%)
were noted.
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Conclusion: In this meta-analysis of patients with TKI-resistant EGFR-mutated
advanced NSCLC, the amiva-lazer-chemo regimen was associated with longer
PFS at both the study level and individual patient level. Combination therapy with
anti-angiogenic agents also represents a viable treatment strategy for this

patient population.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier CRD42024565403.

EGFR-mutated NSCLC, immunotherapy, network meta-analysis, efficacy, safety

Introduction

The discovery of driver genes and the development of
molecularly targeted drugs have revolutionized the treatment of
non-small-cell lung cancer (NSCLC), bringing significant survival
benefits to patients. Epidermal growth factor receptor (EGFR)
mutations are the most common driver gene in patients with
NSCLC. Approximately, 15-25% of Caucasian (1, 2) and 40-55%
of Asian patients with NSCLC (3, 4) harbor EGFR mutations.
Among them, EGFR exon 19 deletion and EGFR L858R point are
common and sensitive to EGFR tyrosine-kinase inhibitors (TKIs).
EGFR-TKI has become the standard first-line treatment option for
EGFR-mutated NSCLC (5). The median progression-free survival
(PFS) was 10-14 months with first-generation or second-generation
TKI (6-8) and 18.9 months with third-generation EGFR-TKIs for
patients with EGFR mutant advanced NSCLC in first-line treatment
(9). Although EGFR-TKI can bring benefits to EGFR-mutant
NSCLC, drug resistance is inevitable for the vast majority of
patients. In order to more effectively manage the treatment of
TKI resistance, researchers have also carried out a multi-
dimensional exploration.

Platinum-based chemotherapy is the standard treatment option
for EGFR mutant advanced patients with NSCLC who do not have a
drug therapeutic target after EGFR-TKI resistance (9). However, the
efficacy is very limited, with 30% of objective response rate (ORR)
and about 5 months of median PFS (10-13). Immunotherapy has
become the standard treatment option for EGFR wild-type patients
with NSCLC. The efficacy and safety of immune-based protocols in
EGFR-TKI resistant patients has also become an important research
direction. However, the effect of immune monotherapy on EGFR-
TKI resistant patients with NSCLC is very limited, and the results of
studies on combination immunotherapy for those patients are also
inconsistent. CheckMate 722 (14) and KEYNOTE789 research (15)
suggested that neither nivolumab plus chemotherapy nor
pembrolizumab plus chemotherapy showed significant
improvement in PFS compared to chemotherapy. In ORIENT-31
study, an improved PFS with sintilimab plus chemotherapy vs
chemotherapy was apparent specifically (hazard ratios HR, 0.72;
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95% CI: 0.55-0.94), but there was no significant improvement in
overall survival (OS) (16). Preclinical studies have found that
inhibiting VEGF signaling increases T cell infiltration, promotes
dendritic cell maturation, attenuating immunosuppressive cell
activity, and plays a synergistic role with immunotherapy (17-
19). Adding anti-angiogenic drugs to immunotherapy and
chemotherapy showed encouraging results. In subgroup analysis
of EGFR-sensitive mutations in the IMpowerl50 study (20),
atezolizumab plus bevacizumab plus carboplatin plus paclitaxel
(ABCP) regimen significantly improved PFS compared to
bevacizumab plus carboplatin plus paclitaxel (BCP) regimen (HR,
0.41; 95% CI: 0.32-0.75). However, the IMpowerl51 study from
China in EGFR/ALK-TKI resistant patients with NSCLC, did not
confirm that the ABCP regimen significantly improved PFS
compared to BCP (21). The APPLE study from Japan compared
the efficacy of atezolizumab plus bevacizumab and chemotherapy
with atezolizumab plus chemotherapy. Although this study did not
suggest that the atezolizumab, carboplatin plus pemetrexed, and
Bevacizumab (APPB) significantly improved PFS in the overall
population compared to atezolizumab plus carboplatin with
pemetrexed (APP), in the TKI resistant subgroup, APPB achieved
a significant benefit in PFS compared with APP (median, 9.7 vs 5.8
months; stratified HR, 0.67; 95% CI, 0.46 to 0.98) (22). It suggested
that these studies on the efficacy and safety of immunotherapy-
based regimens for EGFR-TKI resistant patients not only have
inconsistent conclusions, but also have different control regimens in
different studies, which adds to the difficulty of evaluating these
regimens. Treatment options after TKI resistance remain
challenging. Therefore, it is feasible to evaluate the efficacy and
safety of different regimens by conducting meta-analysis that can be
indirectly compared, and select the best available treatment
regimens for TKI resistant patients.

Recently, the development of bispecific antibodies is also
changing the treatment pattern of NSCLC. Ivonescimab (AK112),
a bispecific antibody to PD-1 and VEGF, had a significantly
favorable safety profile when combined with chemotherapy. In
the HARMONi-A study, the median PFS of ivonescimab plus
chemotherapy was 7.1 months, which was 4.8 months longer
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than that of chemotherapy (23). In addition, EGFR-MET dual
antibody amivantamab was designed to target MET amplification,
a common resistance mechanism of EGFR-TKIs. The phase 3 study
(MARIPOSA-2) was also conducted in TKI-resistant NSCLC. This
study found that amivantamab-chemotherapy (amiva-chemo) or
amivantamab-lazertinib (a third-generation TKI)- chemotherapy
(amiva-lazer-chemo) significantly improved PFS in patients with
osimertinib-resistant EGFR-mutated NSCLC compared to
chemotherapy (24). Whether this dual antibody-based regimen
offers an advantage in efficacy and safety over immune-based
treatment is lacking in EGFR-TKI resistant patients with NSCLC.

The current treatment options for EGFR-TKI-resistant patients
include chemotherapy, anti-vascular drugs plus chemotherapy,
immunotherapy-based regimens, dual specificity antibodies-based
regimens, etc. However, which regimen is the best choice for EGFR-
TKI-treated patients is still uncertain. Although several meta-
analyses have evaluated the efficacy and safety of treatment
options for TKI-resistant patients with NSCLC, these studies did
not include the trails of dual specificity antibodies (25-27). In
addition, these meta-analyses were based on the study level, and
no individual patient level analysis was performed. Therefore, we
included randomized controlled trials (RCTs) and single-arm phase
2 studies, and conducted a meta-analysis to compare the efficacy
and safety of these regimens at study level and individual patient
level to determine the optimal treatment option for EGFR-TKI-
resistant patients with NSCLC.

Methods

This meta-analysis was performed following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, and the protocol was prospectively
registered in International Prospective Register of Systematic
Reviews (PROSPERO), CRD42024565403.

Data sources and searches

We searched PubMed and the Cochrane Library for English-
language articles published between April 19, 2018, and June 20,
2024, using the combined terms: “NSCLC,” “EGFR,” “resistant,”
“immunotherapy,” “chemotherapy,” and “bispecific antibodies”
Abstracts from major international conferences—including
ASCO, ESMO, WCLC, AACR, and ELCC—were also reviewed
(2018-2023). Additionally, reference lists of included studies were
manually screened. The full search strategy is provided in
Supplementary Materials (Supplementary Table S2).

Study selection
The inclusion criteria were as follows: EGFR-mutated advanced

NSCLC; patients had progressed after at least one EGFR-TKI
treatment; patients with T790M mutation who had received the
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first- or second-generation EGFR-TKI treatment should receive the
third-generation TKI treatment; patients who had not received
systemic chemotherapy; Phase IIT or phase II study; Efficacy and
safety related data were available; The exclusion criteria included:
retrospective or real-world studies, Phase I studies, sufficient data
could not be obtained for meta-analysis. The literature screening
process is shown in Figure 1.

Data extraction and quality assessment

Literature screening and data extraction were independently
conducted by two authors (SZ and RL) using a standardized form,
following Cochrane Collaboration guidelines. Disagreements were
resolved through discussion or, if needed, consultation with a third
author (HC). Extracted data included study characteristics
(publication year, design, phase, sample size, country), patient
features (EGFR mutation type [e.g., L858R, exon 19 deletion],
T790M status, prior TKI generation, brain metastases), and
outcomes (PES, OS, ORR, HRs with 95% ClIs). Safety outcomes
included grade >3 AEs, TRAEs, grade >3 TRAEs, and TRAE-related
deaths. When data was incomplete, Supplementary Materials were
reviewed and study authors contacted. Risk of bias was assessed
using the Cochrane Risk of Bias 2 (RoB 2) tool for RCTs and the
adapted methodological index for non-randomized studies
(MINORS) criteria for single-arm phase II trials. Two reviewers
independently performed the assessment, with discrepancies
resolved by a third reviewer.

Statistical analysis

A Bayesian network meta-analysis (NMA) was performed using
R (v4.3.1) with the multinma and gemtc packages. The primary
outcome was PFES; secondary outcomes included OS, ORR, and
safety outcomes (grade >3 AE, TRAEs, grade >3 TRAEs, and
TRAE-related deaths). Safety analyses were performed to evaluate
the incidence of adverse events (AEs) across treatment arms. For
zero events in safety analyses, we applied a continuity correction of
0.5, adding 0.5 to cells with zero events to avoid computational
instability and ensure stable estimates. NMA was conducted within
a Bayesian framework via Markov chain Monte Carlo (MCMC)
methods. Non-informative priors were applied; heterogeneity was
modeled using a uniform (0-5) prior, the uniform (0-5) prior was
selected based on common practice in Bayesian network meta-
analyses, as this range reasonably encompasses typical values of the
standard deviation of heterogeneity (1), typically between 0 and 5,
reflecting the potential magnitude of between-trial variability. Three
MCMC chains were run for 10,000 iterations each, including 2,000
burn-in iterations. To assess model fit and consistency, we
compared the goodness of fit between consistency and
inconsistency models using DIC values. Convergence was
evaluated using Gelman-Rubin diagnostic plots, and trace and
posterior density plots for treatment effect parameters were
generated to further validate model stability. Node-splitting tests

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1673115
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al. 10.3389/fimmu.2025.1673115

e . .
S Records identified from_database search Additional records identified through
3 Pubmed (n=381) international conferences(n=61)
E Cochrane Library(n=342)
5
2 n=784

—> Duplicates excluded(n=368)
2
c A
o)
g Title and abstract reviewed
(%] n=416

Excluded studies(n=261)

—>|
= Full text studies assessed
o] -
) n=155
w

study design(n=31)
lack of data(n=9)
N Phase | study (n=16)
first line treatment (n=79)
Studies on at least two-line treatment(n=6)
el
8
3 Studies included in this meta-analysis
[$) -
c n=14
FIGURE 1
PRISMA flowchart.
were performed to comprehensively evaluate network consistency.  Resuylts

Treatment effects were expressed as hazard ratios (HRs) or odds
ratios (ORs) with 95% credible intervals (CrI). Surface under the
cumulative ranking curve (SUCRA) values were used for treatment
ranking, with higher SUCRA indicating better performance.
Ranking probabilities assessed the likelihood of each treatment
being among the best.

For individual patient data (IPD) meta-analysis, IPD were
reconstructed from Kaplan-Meier curves using the IPDfromKM
(28) package in R. Median PFS was estimated and pooled Kaplan-
Meier curves were generated for each regimen. Group differences
were compared using log-rank tests (P < 0.05 for significance). A
one-stage approach was applied to the reconstructed IPD using the
frailtypack package to build a random-effects shared frailty Cox
model. Non-parametric penalized likelihood estimation and spline-
smoothed baseline hazards were used to account for within- and
between-study heterogeneity.

Heterogeneity in pairwise meta-analyses was assessed using the
I? statistic and Cochran’s Q test, with I* > 50% or P < 0.1 indicating
significant heterogeneity. Subgroup analyses were conducted to
explore potential sources of heterogeneity, including brain
metastasis status, EGFR mutation subtype, and prior TKI regimen.

Frontiers in Immunology

Systematic review and characteristics of all
trials

A total of 14 studies were included, comprising 5 single-arm
trials (21, 29-32) and 9 RCTs (14-16, 21-24, 33, 34), enrolling 3,116
patients across 7 treatment regimens: chemotherapy (chemo), ICI -
chemotherapy (ICI-chemo), ICI-chemo - anti-angiogenic therapy
(ICI-chemo-antiangio), chemotherapy - anti-angiogenesis (chemo-
antiangio), AK112 - chemo (AK112-chemo), amivantamab - chemo
(amiva-chemo), and amivantamab - lazertinib - chemo (amiva-
lazer-chemo) (Supplementary Table S1).

Network meta-analyses for outcomes

Nine RCTs (14-16, 21-24, 33, 34) (n = 2,850) were included in
the network meta-analysis. All trials reported PES; 7 reported OS
(14-16, 22-24, 33, 34), 6 reported ORR (14-16, 22-24, 33, 34), and
7 reported AEs (14-16, 22-24, 33, 34) (Figures 2a—d).All regimens
showed significantly improved PFS vs. chemo. The best-performing
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FIGURE 2

Network diagram of network meta-analysis. (a) Progression-free survival (PFS), (b) Overall survival (OS), (c) Objective response rate (ORR), (d) Grade
3 or higher adverse events (AEs). The analysis is based solely on randomized controlled trials (RCTs).

were amiva-lazer-chemo (HR, 0.44; 95% CrI, 0.32-0.61), AK112-
chemo (HR, 0.46; 95% CrI, 0.32-0.67), and amiva-chemo (HR, 0.48;
95% Crl, 0.33-0.69) (Figure 3a). Compared with ICI-chemo, these
regimens also showed superior PFS (HR range, 0.56-0.69). No
significant differences were observed among these top regimens or
between ICI-chemo and chemo-antiangio (HR, 0.80; 95% CrI, 0.58-
1.08)(Figure 3a). No significant differences were found in OS across
treatment arms (Figure 3b). Amiva-chemo (OR, 3.16; 95% Crl,
1.09-9.41), amiva-lazer-chemo (OR, 2.99; 95% CrI, 1.03-8.60), and
ICI-chemo-antiangio (OR, 2.61; 95% Crl, 1.21-6.95) had
significantly ORR than chemotherapy. ICI-chemo-antiangio also
showed higher ORR than ICI-chemo (OR, 2.25; 95% CrI, 1.15-5.62)
(Figure 3c). Grade =3 AEs were significantly higher with amiva-
lazer-chemo vs. chemo, chemo-antiangio, ICI-chemo, and ICI-
chemo-antiangio. No significant differences in grade >3 TRAEs
were observed across regimens (Figure 3d).

Rank probability and inconsistency
assessment

Bayesian SUCRA ranking (Figure 4) showed amiva-lazer-chemo
had the highest probability for PFS (0.88), followed by AK112-chemo
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(0.79) and amiva-chemo (0.72). For OS, AK112-chemo ranked
first (0.77). Amiva-chemo ranked highest for ORR (0.82), while
amiva-lazer-chemo had the highest risk of grade >3 AEs.

Individual patient data meta-analysis for
PFS

A one-stage IPD meta-analysis was performed using a shared
frailty Cox model to assess PFS, incorporating study type (single-
arm or RCT) as a clustering factor. The baseline hazard was
modeled via cubic spline interpolation with 10 nodes and a
smoothing parameter of 10,000.

Pooled Kaplan-Meier curves (Figure 5) showed significant PFS
differences across seven treatment groups (log-rank test, P < 0.001).
Median PFS was longest for amiva-lazer-chemo (8.45 months; 95%
CI, 7.02-9.26), followed by ICI-chemo-antiangio (8.30 months; 95%
CI, 7.88-9.27), chemo-antiangio (8.15; 95% CI, 6.98-8.95), AK112-
chemo (7.01 months; 95% CI, 5.89-8.59), amiva-chemo (6.31
months; 95% CI, 5.65-8.41), ICI-chemo (5.73 months; 95% CI,
5.61-5.90), and chemotherapy alone (5.24 months; 95% CI,
4.67-5.46).
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League Table for the network meta-analysis. (a) Progression-free survival (PFS), (b) Overall survival (OS), (c) Objective response rate (ORR), (d) Grade
3 or higher adverse events (AEs). The analysis is based solely on randomized controlled trials (RCTs).

Using chemo-antiangio as the reference, amiva-lazer-chemo
significantly improved PFS (HR, 0.73; 95% CI, 0.58-0.91; P < 0.001).
ICI-chemo-antiangio (HR, 0.82; 95% CI, 0.68-1.00; P = 0.055) and
AK112-chemo (HR, 0.79; 95% CI, 0.61-1.01; P = 0.064) showed non-
significant trends toward benefit. Amiva-chemo (HR, 1.05; 95% CI,
0.81-1.35; P = 0.72) and ICI-chemo (HR, 1.17; 95% CI, 0.96-1.41;
P = 0.12) were not significantly different. Compared with
chemotherapy alone, all combination regimens significantly
improved PFS: amiva-lazer-chemo (HR, 0.47; 95% CI, 0.40-0.55;
P < 0.001), ICI-chemo-antiangio (HR, 0.53; 95% CI, 0.48-0.59;
P < 0.001), AK112-chemo (HR, 0.49; 95% CI, 0.41-0.59; P < 0.001),
amiva-chemo (HR, 0.67; 95% CI, 0.55-0.82; P < 0.001), ICI-chemo
(HR, 0.75; 95% CI, 0.68-0.82; P < 0.001), and chemo-antiangio (HR,
0.64; 95% CI, 0.53-0.78; P < 0.001), all with P < 0.001.
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Risk of bias and data quality

No significant heterogeneity was found in PFS and OS
outcomes (Supplementary Figures S1, S2). Moderate
heterogeneity was noted for ORR between ICI-chemo-antiangio
and ICI-chemo (I = 52.2%; Supplementary Figure S3). In contrast,
high heterogeneity was observed in AEs comparisons: ICI-chemo-
antiangio vs chemotherapy (I* = 92.1%), ICI-chemo-antiangio vs
ICI-chemo (I* = 83.5%), and ICI-chemo vs chemotherapy (I> =
79.5%) (Supplementary Figure S4). Most RCT's had low to moderate
risk of bias per Cochrane RoB 2 (Supplementary Figures S5, S6),
while single-arm studies were rated low risk using MINORS
(Supplementary Table S3). The network meta-analysis
demonstrated robust convergence, with Gelman-Rubin diagnostic
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plots indicating shrink factors approaching 1 (Supplementary
Figure S12). Trace and posterior density plots for treatment effect
parameters further confirmed model stability (Supplementary
Figure S11). Consistency assessment revealed no significant
inconsistency, as supported by node-splitting tests and the
comparison of DIC values between consistency and inconsistency
models (Supplementary Table S5). These findings underpin the
reliability of the indirect comparisons reported.

Subgroup Analysis

We conducted subgroup analyses based on EGFR mutation
subtype, brain metastasis status, and prior TKI regimen. Compared
to chemo, we observed PFS benefits in most subgroups receiving
ICI-chemo (Supplementary Figures S8a, S9a), with the exception of
the subgroups with prior 1st/2nd generation TKI and 3rd
generation TKI, where the results were reversed (Supplementary
Figure S7). In the L858R and 19DEL mutation subgroups, both ICI-
chemo and ICI-chemo-antiangio showed PES benefits compared to
chemo, with L858R mutation patients exhibiting better PFS than
19DEL patients (Supplementary Figure S8). In the T790M+ and
T790M- subgroups, both ICI-chemo and ICI-chemo-antiangio
demonstrated PFS benefits compared to chemo, with T790M-
patients showing better PFS than T790M+ patients
(Supplementary Figure S9). In the brain metastasis subgroups,
ICI-chemo-antiangio provided PFS benefits compared to chemo,
with patients without brain metastasis exhibiting better PFS than
those with brain metastasis (Supplementary Figure S10).

Discussion

This meta-analysis is the first to evaluate the efficacy and safety
of treatment strategies for patients with advanced EGFR-mutated
NSCLC after EGFR-TKI progression at both the study level and the
patient level. In addition, our study included 7 different therapeutic
strategies, including immune-based regimen, double-antibody
based regimen, chemo, and chemo-antiangio and so on, which
covered the most comprehensive therapeutic strategies for this
population at present. Our study indicates that bispecific
antibody-based regimens demonstrate superior PFS and ORR
compared with chemo or ICI-chemo, both at the study level and
the patient level, in patients with EGFR-mutated advanced NSCLC
who have progressed after TKI treatment. We also emphasize that
these results be clearly labeled as preliminary, with stronger caveats
that OS outcomes are unresolved and require further follow-up. The
present conclusions are primarily supported by PFS and ORR, and
that the long-term survival impact of these regimens, particularly in
the context of added toxicity remains to be determined.

The development of bispecific antibodies has emerged as a
critical strategy to overcome resistance to EGFR TKIs. Our study
represents the first meta-analysis to evaluate the efficacy and safety
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of treatment regimens incorporating bispecific antibodies in
patients with EGFR-mutated advanced NSCLC following TKI
resistance. In the network meta-analysis, which included
randomized controlled trials, regimens incorporating bispecific
antibodies demonstrated significantly longer PES and higher ORR
compared with chemo or ICI-chemo. SUCRA rankings further
confirmed the superiority of bispecific antibody-based regimens
in PFS and ORR.These findings highlight the clear efficacy
advantage of bispecific antibody-based regimens. Previous meta-
analyses suggested that ICI-chemo-antiangio was the optimal
treatment for TKI-resistant patients (26, 35). Notably, both the
AK112-chemo and ICI-chemo-antiangio increased VEGF levels
following TKI resistance. However, the bispecific antibody-based
regimen targeting PD-1 and VEGF-A (AK1l12-chemo)
demonstrated superior long-term efficacy, while ICI-chemo-
antiangio showed better short-term efficacy (higher ORR) but
higher toxicity. Our meta-analysis indicates that bispecific
antibody-based regimens represent a highly promising research
direction for TKI-resistant patients. Given that bispecific
antibodies target distinct TKI resistance mechanisms, we did not
pool these regimens in the meta-analysis. Currently, most
randomized controlled trials in patients with resistance to first- or
second-generation TKIs without T790M mutations or to third-
generation TKIs have not stratified participants based on resistance
mechanisms. Developing bispecific antibodies tailored to specific
resistance mechanisms and selecting bispecific antibody-based
treatment regimens will be critical to meeting the demands of
precision medicine in the post-TKI resistance setting.

Our meta-analysis differs from prior studies by conducting both
study-level and IPD meta-analyses. In the context of large-scale
randomized controlled trials, IPD-based meta-analyses provide
more reliable evidence-based comparisons of treatment efficacy
(36, 37). With the advent of IPD reconstruction from survival
curves, overcoming data acquisition challenges, patient-level
analyses have gained increasing attention. Our IPD analysis
incorporated both randomized controlled trials and single-arm
studies, pooling data for identical treatment strategies. In the
IPD-based analysis, all alternative treatment strategies
demonstrated superior PFS compared with standard
chemotherapy. Notably, four treatment regimens—ICI-chemo-
antiangio, amiva-chemo, ICI-chemo, AK112-chemo—exhibited
median PFS values comparable to chemo-antiangio, consistent
with the findings of our network meta-analysis.

Compared with chemo-antiangio, amiva-lazer-chemo
significantly improved PFS in patients with EGFR-mutated
NSCLC following TKI resistance in the IPD analysis. In contrast,
the network meta-analysis showed a trend toward PES benefit for
amiva-lazer-chemo but did not reach statistical significance,
potentially due to limited sample sizes in both analyses. This
discrepancy suggests that chemo-antiangio may be a more
appropriate control arm for future studies investigating optimal
treatment strategies for EGFR-mutated, TKI-resistant NSCLC.
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There are inherent limitations to our studies. First of all, the
evaluation of OS in this meta-analysis was inadequate In
the ATTLAS study, the APPLE Study, and the ORIENT-31 study,
the OS maturity was less than 60% (16, 22, 33). The number of OS
events in the MARIPOSA-2 study was less than 30% (24). In the
HARMON:i-a study, OS data is still not reported (24). As the OS of
these studies gradually matures, the results of OS analysis in the
meta-analysis may be different. Secondly, compared with other
meta-analyses, our study included more treatments, but the
published results of some regiments, for example bispecific
antibody-based regiments, are limited. It is ongoing that a phase
II/III study of PM8002(a bispecific antibody targeting PD-L1 and
VEGF) in combination with chemotherapy in patients with EGFR-
mutant advanced NSCLC who have failed to EGFR-TKI treatment
(NCT05756972). Thirdly, Antibody-drug conjugates (ADCs) is also
an important research direction for treatment selection after TKI
resistance. However, most of the published studies focused on TKI-
resistant patients who received platinum-based chemotherapy.
HER3-targeting ADCs and TROP2-targeting ADCs have shown
promising efficacy in phase 1 and 2 studies of patients with EGFR-
mutated NSCLC who progressed after EGFR -TKI and platinum-
based chemotherapy (38-40). Studies of these agents in EGFR-
mutated patients with NSCLC who treated only with TKIs are
ongoing (NCT06382116; NCT06417814; NCT05338970). Whether
ADC can outperform existing treatment options needs to await the
results of these studies and a new meta-analysis will be performed
to clarify.

Conclusion

Our meta-analysis suggests that, for patients with EGFR-
mutated NSCLC who have progressed on TKI therapy, the
amiva-lazer-chemo regimen is the preferred option for delaying
disease progression at both the study and individual patient levels.
However, the toxicity of this regimen warrants careful
consideration. Combination regimens incorporating
antiangiogenic therapy, including ICI-chemo-antiangio, chemo-
antiangio, and AK112-chemo, also demonstrated superior efficacy
compared with standard chemotherapy. Our findings provide
critical insights to guide subsequent treatment decisions for
EGFR-mutated NSCLC patients with TKI relapse.
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