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Background: Despite multiple phase Il randomized controlled trials (RCTS)
establishing rst-line treatments for advanced anaplastic lymphoma kinase
(ALK) rearrangement non-small cell lung cancer (NSCLC), the optimal regimen
for diverse clinicopathological features remains unclear.

Methods: PubMed, Embase, Cochrane Library, and ClinicalTrials.gov were
searched for RCTs. The results of progression-free survival (PFS), overall
survival (OS), objective response rate (ORR), grade 3—4 adverse events (AES),
and System Organ Class (SOC)-speci ¢ AEs (including hepatic, hematological,
and gastrointestinal AEs) were compared and ranked, using network meta-
analysis (NMA) and the surface under the cumulative ranking curve (SUCRA),
with PFS considering various clinicopathological characteristics.

Results: A total of 3040 participants from 11 RCTs were enrolled, with data
encompassing 10 distinct therapeutic regimens. In the overall patient cohort,
lorlatinib achieved the longest PFS (93.9%) and the highest ORR (70.1%), whereas
alectinib administered at a dose of 600 mg twice daily (bid) conferred the most
favorable OS (83.7%) and the lowest incidence of grade 3—4 AEs (87.1%). The PFS
ef cacy pro les of the 10 regimens exhibited signi cant heterogeneity strati ed
by clinicopathological characteristics. Speci cally, lorlatinib demonstrated
superior ef cacy in the Non-Asian subgroup (86.8%), patients without brain
metastasis (84.7%), those with Eastern Cooperative Oncology Group
performance status (ECOG PS) 0/1 (78.5%), males (71.2%), females (83.9%),
patients aged < 65 years (74.3%), and never-smoking patients (89.7%). Alectinib
(300 mg bid) demonstrated the optimal ef cacy in the subgroups of brain
metastasis (83.2%) and smoking history (90%), while alectinib (600 mg bid)
ranked rst in the subgroups of age 65 years (73%) and ECOG PS 2 (69.3%).
Ensartinib achieved the optimal PFS in the Asian subgroup (71.8%). With respect
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to SOC-speci c AEs, alectinib (300 mg bid) was associated with the lowest risk of
hepatic AEs (87%) but carried the highest risk of anemia (11.3%). Iruplinalkib
showed the lowest incidence of hematological AEs (72.2%), and alectinib (600
mg bid) had the lowest risk of gastrointestinal AEs (78.6%).

Conclusions: Lorlatinib demonstrated PFS advantage for advanced ALK
rearrangement NSCLC, but OS bene t remains unestablished. Alectinib had the
lowest hepatic and gastrointestinal AEs risk, while iruplinalkib had the lowest
hematological AEs risk.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

identi er CRD42023495527.
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1 Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide (1), and non-small cell lung cancer (NSCLC) accounts
for about 85% of cases (2), and anaplastic lymphoma kinase (ALK)
rearrangements occur in about 5% of patients with NSCLC (3). The
EML4-ALK fusion gene was rst identi ed in NSCLC patients in
2007 (4). Crizotinib was approved as the therapy for patients with
ALK rearrangement locally advanced or metastatic NSCLC by
the US FDA in 2011. This approval marked a paradigm shift in
the treatment of ALK rearrangements NSCLC, transitioning the
therapeutic landscape from sole reliance on conventional
chemotherapy. As the rst ALK tyrosine kinase inhibitor (TKI), it
signi cantly improved progression-free survival (PFS) compared to
chemotherapy (5, 6), thus opening the door for targeted treatment
of ALK rearrangement NSCLC. Subsequently, to address resistance
issues and achieve better survival bene t, second-generation ALK
TKIs such as ceritinib, brigatinib, alectinib, ensartinib, iruplinalkib,
and envonalkib were developed, along with the third-generation
lorlatinib. All have completed phase Il clinical trials,
demonstrating a signi cant improvement in PFS compared to
chemotherapy or crizotinib (7-14).

Although multiple rst-line treatment options are available, the
lack of direct comparisons of their ef cacy and safety complicates
clinical decision-making. Although previous network meta-analyses
have evaluated the ef cacy of various regimens in ALK
rearrangement NSCLC (15, 16), few studies have comprehensively
considered individual clinicopathological features to identify
optimal treatment strategies. Although previous network meta-
analyses compared system organ class (SOC)-speci ¢ adverse
events (AEs) (17), the substantial heterogeneity in available SOC-
speci ¢ AEs across trials led to imprecise results. In contrast, our
study compares speci ¢ AEs, groups them by SOC, and synthesizes
their performance to rank SOC-speci ¢ AEs, rather than directly
comparing SOC-speci ¢ AEs. This approach reduces heterogeneity
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and improves accuracy. Using all available data, we conducted a
network meta-analysis on a wide range of AEs to evaluate the safety
of multiple interventions.

In the study, we comprehensively enrolled relevant RCTs and
systematically extracted and synthesized clinical data to perform
network meta-analysis (NMA), enabling direct and indirect
comparisons of the ef cacy and safety of 10 treatment regimens.
The individualized treatment of NSCLC necessitates a careful
balance between the ef cacy and toxicity of different regimens.
Crucially, NMAs were performed to evaluate treatment ef cacy
across diverse characteristics, such as brain metastasis, age, ECOG
PS, sex, smoking history, and ethnicity, providing evidence to tailor
treatment strategies based on patients’ clinicopathological features.
Furthermore, NMAs were conducted to compare the safety of
various regimens based on grade 3—4 AEs and SOC-speci ¢ AEs
(e.g., hepatic, hematological, gastrointestinal AEs), providing
clinicians with evidence to select treatments with differing
toxicity pro les.

2 Materials and methods

This NMA was conducted in accordance with the PRISMA
guidelines for NMAs (Supplementary Table S1) (18). The study was
registered in PROSPERO under the identi er CRD42023495527.

2.1 Literature search strategy

A comprehensive literature search was conducted across
multiple databases, including PubMed, Embase, the Cochrane
Central Register of Controlled Trials, and Clinical Trials, without
language restrictions, covering records from their inception until
December 2, 2024. The speci ¢ search strategy is outlined in
Supplementary Table S2.
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2.2 Study eligibility and identi cation

Phase 111 RCTs were included in the NMA based on prede ned
criteria. Eligible studies involved patients with histologically
con rmed stage I11/1IV NSCLC harboring ALK rearrangement,
compared at least two rst-line treatment arms (with at least one
arm including ALK-TKIs), and reported at least one clinical bene t,
such as PFS, overall survival (OS), objective response rate (ORR),
grade 3—4 AEs, speci ¢ AEs. Studies were excluded if they focused
on maintenance or neoadjuvant therapy, involved interventions
such as immunotherapy or radiotherapy, had fewer than 30 patients
in any treatment arm, or if they were conference abstracts, brief
reports, or lacked safety data. To ensure data quality and avoid
redundancy, only the most recent and comprehensive trials were
included. In cases where updated data were unavailable, previously
reported data were utilized to maintain the integrity of the analysis.

2.3 Data extraction and risk of bias
assessment

The raw data from the enrolled trials were extracted into a
spreadsheet, including study name, publication year, rst author,
characteristics of patients (e.g., sex, age, smoking history, ethnicity,
brain metastasis status, ECOG), interventions, outcomes of
endpoints (e.g., PFS, OS, ORR, grade 3—-4 AEs, speci ¢ AEs). If
data assessed by the Independent Review Committee (IRC) are
available, they will be used; otherwise, data assessed by investigators
will be utilized. The risk of bias in each study was evaluated utilizing
the Cochrane Risk of Bias Tool (ROB 2.0) —a widely validated,
standardized instrument speci cally developed for assessing
methodological quality and quantifying potential biases in RCTs
(19). Data extraction and bias risk evaluation were performed
independently by two researchers (WYX and ZYR). In cases of
disagreement, resolution was achieved through discussions.

2.4 Statistical analysis

The primary endpoint of this study was PFS, while secondary
endpoints included OS, ORR, and grade 3-4 AEs, as well as SOC-
speci ¢ AEs. Hazard ratios (HRs) and odds ratios (ORs) with their
corresponding 95% con dence intervals (Cls) were employed to
assess survival outcomes (PFS, OS) and categorical outcomes (ORR,
grade 3—4 AEs, and SOC-speci ¢ AEs), respectively. We used the
deviance information criterion (DIC) to compare consistency and
inconsistency models, ultimately selecting the random-effects
consistency model based on DIC (Supplementary Table S3)
results and considerations of NMA reliability. The NMA was
performed using a Bayesian approach, employing Markov Chain
Monte Carlo (MCMC) simulations. This analysis was carried out
with the assistance of the GEMTC and JAGS packages in R software
(version 4.3.1). To estimate PFS and OS, the analysis involved
500,000 iterations, including an initial adaptation phase of 50,000
iterations, with a thinning interval set to 1. The computational
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parameters for other endpoints can be found in (Supplementary
Table S4). Convergence of the NMAs was assessed through trace
plots and the Brooks-Gelman-Rubin statistic. Study heterogeneity
was evaluated using Cochran’s Q test and the | statistic, visualized
in forest plots. Signi cant heterogeneity was de ned as an | value
exceeding 50% or a Q test P-value below 0.1. Treatments were
ranked using surface under the cumulative ranking curve (SUCRA),
with higher scores indicating better ef cacy (PFS, OS, ORR) and
lower risk for AEs. The SUCRA value (Supplementary Table S5) for
SOC-speci ¢ AEs was calculated as the average of SUCRA value for
its corresponding speci ¢ AEs.

3 Results

3.1 Characteristics of the studies and risk
of bias

The details of the literature screening process are shown in
Figure 1, and the main characteristics of the RCTs are summarized
in Table 1. A total of 7,400 records were collected from the
databases mentioned. Of these, 7,317 were excluded based on the
selection criteria, and 83 studies were selected for full-text review. In
the end, 17 articles meeting the eligibility criteria were included in
our analysis, which covered 11 phase 111 RCTs (PROFILE 1014 (20—
22), PROFILE 1029 (6), ASCEND-4 (12), ALEX (23, 24), J-ALEX
(9), ALESIA (14), ALTA-1L (7, 25), CROWN (26-28), eXalt3 (10),
NCT04009317 (13), INSPIRE (11), encompassing a total of 3040
patients and 10 treatment regimens.

The assessment of ROB is presented in Supplementary Figure
S1. Overall, the ROB in all RCT studies was generally low. However,
in PROFILE 1014, ASCEND-4, ALEX, PROFILE 1029, and
CROWN, more participants withdrew from the control group
than the experimental group, leading to a “Some Concerns”
rating for “Deviations from Intended Interventions.” Besides, the
evaluation of patient-reported outcomes (PROs) is subjective, and
patients were aware of their interventions, resulting in a “Some
Concerns” rating for “Measurement of the Outcome”.

3.2 Network meta-analysis in overall
patients

Figures 2a, b showcase the network plots for PFS and OS that
encompass all participants from the included randomized
controlled trials (RCTs), with additional network plots available
in Supplementary Figure S2. In terms of PFS, all TKls-related
regimens, except ceritinib, were superior to chemotherapy (HR <
1 and P < 0.05) (Figure 2e). Besides, lorlatinib provided signi cant
advantages compared with crizotinib (HR 0.19, 95% CI 0.065—
0.564, P < 0.05) and ceritinib (HR 0.148, 95% CIl 0.027-0.807, P <
0.05) (Figure 2e). Additionally, alectinib (600mg bid) exhibited
modest superiority over crizotinib (HR 0.448, 95% Cl 0.199-0.941,
P < 0.05). Regarding OS, no signi cant differences were observed
across the 9 regimens. Notably, alectinib (600 mg bid) was
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Records identified from:
Pubmed (n = 2256)
Embase (n = 4643)
Cochrane (n = 458)

clinicaltrails.gov (n= 43)

Records removed befor screening.
Duplicate records (n = 391)

Records marded as ineligible by automation
tools (n = 1755)

Records screened Records excluded
(n=5254) (n=5171)
Reports sought for retrieval Reports not retrieved
(n=83) (n=23)
Reports assessed for eligibility Reports excluded
(n = 60) (n=43)

5 Reports related to second-line research
3 No required latest outcome indicators
20 Review/Subgroup analysis

15 Wrong intervention/comparator arm

Total articles used for data
extraction
(n=17)

FIGURE 1
Study ow chart.

TABLE 1 Baseline characteristics of ALK-TKiIs trials.

Sample Median Sex Female/ Region Intervention Control arm Reported
size age Male arm outcomes
PROFILE 1014 Crizotinib 250mg Cisplatin/Carboplatin PFS; OS; ORR; 3—4
(20-22) m 1721171 52/54 212/131 Global o Tomglmlow .
Cisplatin/Carboplatin
PROFILE 1029 . Crizotinib 250mg 75mg/m?/3w; PFS; OS; ORR; 3—4
© i 104/103 48/50 107/100 Asian o Pemetroxed S00mgim | As
3w
Cisplatin/Carboplatin
Ceritinib 750mg 75mg/m?/3w; PFS; OS; ORR; 3—4
4 (12
ASCEND-4 (12) | 1lI 180/187 55/54 216/160 Global o Pemetroxed S00mgim /| A
3w
ALEX (24) i 152/151 56/54 171/132 Global g'j“'"'b 600Mg | - izotinib 250mg bid ZFESS; OS; ORR; 3-4
J-ALEX (9) m 103/104 61/60 125/82 Asian S'j“'”'b 800mg | ¢ izotinib 250mg bid PFS; OS; ORR;
ALESIA (14) m 125/62 51/49 100/98 Asian gljcm"b 800Mg | ¢ izotinib 250mg bid 22 OS; ORR; 34
ALTA-LL (7, 25) | 11l 137/138 58/60 150/125 Global zg'gat'"'b 180Mg | o izotinib 250mg bid PAFES: OS; ORR; 34
CROWN (26- ), 149/147 61/56 175/121 Global Lorlatinib 100mg | ¢, tinib 250mg bid PFS; OS; ORR; 3-4
28) qd AEs
eXalt3 (10) i 143/147 54/53 141/149 Global Egsa"'”'b 225M3 | rizotinib 250mg bid ZFESS; OS; ORR; 3-4
Z‘;)T 040093171, 131/133 53/52 128/136 Asian Eir;""”a'k'b 600Mg | iz otinib 250mg bid PFS; ORR; 3-4 AEs
INSPIRE (11) 1l 143/149 55/55 158/134 Asian ;guoﬁ:ga(;';'b Crizotinib 250mg bid PFS; OS; ORR;
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a PFS b os C ORR d AEs (Grade 3-4)
Envonalkib Ensartinib Ensartinib Envonalkib Ensartinib Ensartinib
0131 =121 Iruplinalkib ATl 07131 p=121 Sl
/ A - 3 / y
g . P Envonalkib Lorlatinib
Lorlatinib }"'{"";;" Lotlatinib n=131 =149
=149 = WS =149 /
Crizotinib /A =
n=1153 - [ —
~ —+ / -
Crizotinib : Brigatinib ~— Brigatinib Crizotinib . Brigatinib  Cricotinib Brigatinib
n=1286 n=137 n=137 n=1286 =137 n=942 n=136
Cherothérapy .
n=461
~ N\ N Y A
Cherfotherapy Alégtinib 300mg bid AN Aloaiiib 300mg bid Cherlothérapy Alectinib 300mg bid \
n=461_ n=103 \ o 3 n=461_ n=103 Cheniotherapy Alectinib 600mg bid
RN N\ R =344 n=277
Cetiinib o g
Ceritinib ~~ Alectinib600me bid ns Alectinib600mg bid Ceritinib ~~ Alectinib600mg bid “Gaitinib
n=189 n=277 n=277 <277 n=i89
€ PFS f ORR
o (2] 0558 0558 0404 0422 038 0145 [} 008 D 203 553 K} 6% 582 77 739 2978
0116.167) | (0.118,2675) | (0121.2.6) | (0,088, 1.862) | (0,091, 1.96) | (0,085, 1.787) | (0,007, 0.807) | (0065 0.564) B0 | (0.084.15.468) | 0,048 20.015) | 0,072, 32251 | (0067, 26943) | 0.084. 33,903 | 0077 30797 | 0.066. 52.985)| (03, 20669) | (1005, 183201
1387 Alectinib 1314 1316 0953 099 0914 0349 0448 6379 Alectinib 052 1282 L3 14 1281 14T 2074 10304
(0298.8352) | 600mabid | (0324.5013) | (0333.4.86) | (0245,3458) | (0252.364) | (0235,3322) | (0073, 1531 | (0.199.0.941) | (0,062, 0545) (0:855.49.667) | 600mebid | (0.061.12.038) | 0093, 19.455) | (0,086, 16.042) | (0.108,20.191) | (0.1.18255) | (0.081.33.028) | (0474 10.057) | (1.404, 102.3)
0,899 0,648 Alectinib 1 0724 0756 0,694 0365 034 0.146 Alectinib 1557 1359 1718 156 1805 258 13.197
(0131,6203) | (0.106.3.076) | 300mabid | (0208 4815) | (0.152.344) | (0.158,3.614) | (0.146,3.301) | (0,047, 1.476) | (0.11.1.053) | (0.037.0.563) 300mebid [ (0072.3381) | (0.065.28.121) | (0.084. 35.849) | (0.076,32.55) | (0,066, 55 655) | (0.293.21.918) | (1.005. 193.79)
0757 0545 088 italki 0723 0755 0694 0265 034 0.146 " p— 0872 1102 1.006 L1163 1621 3485
0112,516) | (009.2563) | (0122, 5806) | P (0157,3342) | (0.162.3,505) | (0.15.3219) | (0.048, 1446) | (0.115.1.014) | (0,039 0548) | § PR | (0.041.18.72) | 0052,23319) ] (004821257 [ 0041, 36561 [ 0.182. 17041 | 0621, 129.58)
—— 1045 0959 0367 047 0202 o[ 280 0445 e——— 1266 1154 1327 1864 9.698
2 s (0226.4808) | (021.4378) | (0.067,1.976) | (0161377 | (0054 0744) | F (027928281 | (0.058.3.154) (006325731 | (0058.23.03) | (005.39.897) | (0222, 15.634) | (0752, 13837)
c ¥ 0571 0881 K — 0918 0351 045 0.193 ¢l 291 X 035 . 091 1046 147 7644
(0.118,5303) | (0.095.2.628) | (0.129.6007) | (0.155.7.053) e (02.4239) | (0.064.1915) | (0.152.1339) | (0.051.0725) | = [(0284.30.494)| (0.059,3364) (0103, 1072) (0.046.13.199) | (0.039. 31.666) | (0.176,12.368) | (0,603, 110.24)
0.783 0.566 037 1034 e— 0382 089 021 20 236 0371 0839 0304 e LIsT 1614 8398
(0118,5207) | (0.095.2.56) | (0.128,5886) | (0.154 6.885) (0.149,6545) e (007.2057) | (0167, 1437) | (0056 0778) (0228.24018) | (0,049, 2.682) 083 8631 | (008 3073 | BrE (0.043.34450) | (0194, 13397) | (0657, 117.94)
0.801 0582 0892 1.059 1013 1023 ey 1283 055 1576 0249 056 0536 0671 Certnb 1405 7289
(01,6598) | (0.078,3344) | (0.109.7454) | (0.13.8,696) (0127.8301) | (0129.8:338) | TR ] (0349 4779) | (019, 1590) 0.093.26732) | (0.018,3.157) (003,9508) | (0032,8935) | (004, 11,011) (0.1.17598) | (089.60.131)
072 052 0301 0951 0911 0919 0599 Gt 0.8 4023 X : [ i 253 P 5197
(0187.278) | (0172, 1.211) | (0203,3.155) | (0244.3.696) (0238.3.481) | (0244,3478) | (0179 443) | MO (02.0909) (076.21.118) | (0.192.1.971) (0281,7314) | (0266,6975) | (0328, 8.726) | (0259.25.309) | “EMB | (1213 54945)
0.586 0424 0652 0774 07 0.743 07 OFD5 [, 3569 0562 1259 1212 1511 223 038 [
(0.115.3.046) | (0097, 1.442) | (0.125.3473) | (0.151.4.038) (0.146.3838) | 015.3838) | (0198.2723) | (0326, 2.080) | TemOMEBY | | (0359 35.838)| (0073, 4.000) 71279 | @iz 1on {010 14580 0as6 11739, | 0175 a51) [ Chemoterspy
FIGURE 2

Signi cant results are highlighted in red.

associated with HRs < 1 compared with all other treatments
(Figure 2e), though none of these comparisons reached
statistical signi cance.

Figures 2c, d illustrate the network plots for ORR and grade 3-4
AEs, respectively, which were subsequently compared among various
regimens based on data from 11 RCTs (for ORR) and 8 RCTs (for
grade 3-4 AEs), as shown in Figure 2f. Alectinib, crizotinib, and
lorlatinib demonstrated signi cantly higher objective response rates
(ORR) compared to chemotherapy (OR > 1 and all P < 0.05). For
grade 3—-4 adverse events, lorlatinib showed ORs > 1 and alectinib
(600 mg bid) showed ORs < 1 versus other treatments (Figure 2f),
though neither pattern was statistically signi cant.

3.3 PFS subgroup analysis based on various
clinicopathological characteristics

3.3.1 Sex, age, smoking

In addressing the variable of gender, the ndings indicate that,
for females, all TKIs regimens, with the exception of ceritinib,
demonstrated superior ef cacy compared to chemotherapy (HR <1
and P < 0.05) (Figure 3a). Notably, lorlatinib conferred signi cant
advantages over crizotinib (HR 0.269, 95% CI 0.094-0.781, P <
0.05) and ceritinib (HR 0.178, 95% CI 0.034-0.918, P < 0.05)
(Figure 3a). Furthermore, compared with crizotinib, alectinib
(600mg HR 0.376, 95% CI 0.17-0.817 P < 0.05) and alectinib
(300 mg bid) (HR 0.31, 95% CI 0.103-0.944; P < 0.05), provided
superior ef ciency in PFS (Figure 3a). Although HRs in males
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Network meta-analysis of PFS, OS, ORR, and Grade 3—4 AEs in advanced ALK rearrangement NSCLC patients (a—d). Network diagrams show
treatments as nodes and head-to-head comparisons as lines. Node size is based on the number of patients receiving the treatment, and line
thickness is based on the number of head-to-head studies. Numbers on lines indicate direct comparison studies. (e) Pooled HR (95% ClI) for PFS and
OS. (f) Pooled OR (95% CI) for ORR and Grade 3—4 AEs. Each cell presents HR or OR for row vs. column treatments; HR < 1 always favors the row
treatment. OR > 1 favors the row treatment in ORR, while OR < 1 in grade 3—4 AEs indicates that the row treatment has a lower incidence of AEs.

05

favored lorlatinib (all HR < 1), the results were not statistically
signi cant (Figure 3a).

In the age-based subgroup analysis (<65 vs 65 years), lorlatinib
showed HRs <1 for all comparisons in younger patients, and alectinib
(600 mg bid) showed HRs <1 for all comparisons in older patients
(Figure 3b); however, none were statistically signi cant.

8 regimens, with the exception of ceritinib, were superior to
chemotherapy regarding PFS in the never-smoking subgroup (HR <
1, P < 0.05), while fewer was observed in the smoking subgroup. In
never-smoking subgroup, lorlatinib signi cantly outperformed
crizotinib (HR 0.241, 95% CI 0.075-0.78, P < 0.05) (Figure 3c) and
ceritinib (HR 0.158, 95% CI1 0.025-0.97, P < 0.05) (Figure 3c). Alectinib
(600 mg bid) also showed moderate superiority over crizotinib (HR
0.381, 95% CI 0.16-0.849, P < 0.05) (Figure 3c). While in smoking
patients, alectinib (300 mg bid) exhibited moderate advantage over
chemotherapy (HR 0.114, 95%Cl 0.013, 0.999, P < 0.05) (Figure 3c). All
other TKI regimens showed HRs < 1 versus chemotherapy (Figure 3c),
although none reached statistical signi cance.

3.3.2 Ethnicity, brain metastasis, ECOG

In the Asian subgroup (10 regimens) and the non-Asian
subgroup (7 regimens), ensartinib was associated with HRs < 1
compared with all other regimens in Asians, and lorlatinib showed
HRs < 1 versus all other regimens in non-Asians (Figure 3d).
However, none of these comparisons reached statistical signi cance.

In patients without brain metastasis, all TKIs regimens, with the
exception of ceritinib and brigatinib, were superior to
chemotherapy (HR < 1, P < 0.05) (Figure 3e). Above all,
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FIGURE 3

are highlighted in red.

Subgroup network meta-analysis of PFS in patients with advanced ALK rearrangement NSCLC, categorized by clinical characteristics. Pooled hazard
ratios (HRs) with 95% Cls are shown for (a) gender (male vs. female), (b) age ( 65 vs. <65 years), (c) smoking history (smoking vs. never smoking),
(d) ethnicity (Asian vs. Non-Asian), (e) brain metastases (present vs. absent), and (f) ECOG performance status (PS = 0/1 vs. PS = 2). Signi cant results

compared with crizotinib, lorlatinib (HR 0.287, 95% CI 0.096-
0.872, P < 0.05) (Figure 3e) and alectinib (600 mg bid) (HR 0.436,
95% CI 0.19-0.951, P < 0.05) (Figure 3e), provided superior
ef ciency in PFS. In patients with brain metastases, all TKIs had
HRs < 1 compared with chemotherapy, and alectinib (300mg bid)
had HRs < 1 versus all other regimens. However, none of these
comparisons reached statistical signi cance.

The ECOG PS = 0/1 subgroup has 9 regimens, while the PS = 2
subgroup has 3 regimens. In the ECOG PS = 0/1 subgroup, almost
all TKls regimens, with the exception of crizotinib, were superior to
chemotherapy (HR < 1, P < 0.05) (Figure 3f). Above all, compared
with crizotinib, lorlatinib (HR 0.278, 95% CI 0.08-0.996, P < 0.05)
(Figure 3f) and alectinib (600 mg bid) (HR 0.356, 95% CI 0.14—
0.835, P < 0.05) (Figure 3f), provided superior ef ciency in PFS. In
the ECOG PS = 2 subgroup, alectinib (600 mg bid) had HRs < 1
compared with all other regimens (Figure 3f), but none of these
comparisons reached statistical signi cance.

3.4 Subgroup analysis based on various
AEs

In the subgroup with increased ALT or AST, alectinib (300 mg
bid) was associated with HRs < 1 for safety-related endpoints

Frontiers in Oncology

(Figures 4a, b), although none of these comparisons reached
statistical signi cance. Notably, it was safer than envonalkib (HR
0.018, 95% CI1 0-0.931, P < 0.05) and crizotinib (HR 0.046, 95% CI
0.001-0.946, P < 0.05) in the grade 3-4 Increased ALT subgroup
(Figure 4a). Similar safety bene t was observed against envonalkib
in the grade 3—4 Increased AST subgroup (HR 0.025, 95% CI 0-
0.801, P < 0.05) (Figure 4b). Conversely, envonalkib was associated
with HRs > 1 for hepatotoxicity-related events in both subgroups
(Figures 4a, b), though none of these comparisons reached
statistical signi cance.

In the anemia subgroup, alectinib (300 mg bid) appeared to be
the least safe regimen (all HR > 1) (Figure 4c), particularly when
compared to ensartinib for grade 3-4 anemia (HR > 1, P < 0.05)
(Figure 4c). Crizotinib demonstrated signi cant safety in both any
grade anemia (HR 0.194, 95% CI 0.047-0.792, P < 0.05) and grade
3-4 anemia subgroups (HR 0.1, 95% CI 0.008-0.884, P < 0.05)
compared to chemotherapy (Figure 4c). Conversely, in the analysis
of anemia, iruplinalkib showed HRs < 1 for any-grade events and
ensartinib showed HRs < 1 for grade 3-4 events compared with
other regimens (Figure 4c). However, none of these comparisons
reached statistical signi cance.

In the analysis of neutropenia, chemotherapy was associated
with HRs > 1 for AEs compared with all other regimens (Figure 4d),
while alectinib (600 mg bid) showed HRs < 1 versus all comparators
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FIGURE 4

Subgroup network meta-analysis of AEs in patients with advanced ALK rearrangement NSCLC. Pooled odds ratios (ORs) with 95% Cls are shown for
(a) ALT increases (any grade vs. grade 3-4), (b) AST increases (any grade vs. grade 3-4), (c) anemia (any grade vs. grade 3-4), (d) neutropenia (any
grade vs. grade 3-4), (e) appetite decrease (any grade vs. grade 3-4), (f) diarrhea (any grade vs. grade 3-4), (g) nausea (any grade vs. grade 3-4), and
(h) vomiting (any grade vs. grade 3-4). Signi cant results are highlighted in red.

(Figure 4d); none of these comparisons reached statistical
signi cance. For grade 3—4 neutropenia, ceritinib also had HRs <
1 compared with all other regimens (Figure 4d), with a statistically
signi cant reduction in risk versus chemotherapy (HR 0.03, 95% ClI
0-0.689; P < 0.05).

In the analysis of appetite decrease, alectinib (300 mg bid) was
associated with HRs < 1 for any-grade events compared with all
other regimens (Figure 4e), with statistically signi cant reductions
versus envonalkib (HR 0.01, 95% CI 0-0.736; P < 0.05), crizotinib
(HR 0.26, 95% CI 0-0.646; P < 0.05), and chemotherapy (HR 0.22,
95% CI 0-0.952; P < 0.05). For grade 3—4 appetite decrease, alectinib
(600 mg bid) also showed HRs < 1 versus all comparators
(Figure 4e). Additionally, envonalkib and iruplinalkib were each
associated with HRs < 1 across all comparisons for any-grade and
grade 3—4 appetite decrease, respectively (Figure 4¢e); however, these
latter comparisons did not reach statistical signi cance.

Envonalkib was the least safe for grade 3—4 diarrhea (all HR > 1,
P < 0.05) (Figure 4f) and also underperformed compared to
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lorlatinib, both doses of alectinib, and chemotherapy for any
grade diarrhea (all HR > 1, P < 0.05) (Figure 4f). In contrast, for
grade 3-4 diarrhea, chemotherapy was associated with HRs < 1
compared with all other regimens (Figure 4f), though these
comparisons did not reach statistical signi cance. Alectinib
(300mg bid) demonstrated the lowest risk among iruplinalkib,
envonalkib, brigatinib, ceritinib, and crizotinib in the any grade
diarrhea subgroup, with HRs of 0.048, 0.005, 0.039, 0.009, and
0.034, respectively (all P < 0.05) (Figure 4f).

In the nausea subgroup, alectinib (300mg bid) showed better
safety compared to iruplinalkib, envonalkib, ensartinib, ceritinib,
crizotinib, and chemotherapy (all HR < 1, P < 0.05) (Figure 4g) for
any grade of nausea. Alectinib (600mg bid) also demonstrated
superior safety compared to envonalkib for both grade 3-4
nausea (HR 0.03, 95% CI 0-0.759, P < 0.05) (Figure 4g) and any-
grade nausea (HR 0.055, 95% CI1 0.006—0.475, P < 0.05) (Figure 4g),
as well as to crizotinib for any-grade nausea (HR 0.17, 95% ClI
0.043-0.585, P < 0.05) (Figure 4g). Conversely, envonalkib was less
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