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Background: Lung cancer is the leading cause of cancer-related mortality
worldwide, with its burden expected to rise significantly by 2025. Despite
therapeutic advances, survival rates remain low, and comorbidities further
complicate management. Economic projections indicate lung cancer will
account for the highest share of cancer-related costs through 2050.
Objectives: To evaluate the safety and efficacy of Tislelizumab with or without
chemotherapy versus chemotherapy alone in lung cancer by synthesizing
available evidence through meta-analysis.

Methodology: This meta-analysis followed PRISMA guidelines and was
registered in PROSPERO. A systematic search of PubMed, Embase, Scopus,
Cochrane Library, ScienceDirect, and ClinicalTrials.gov was conducted for
RCTs comparing Tislelizumab-based regimens to chemotherapy in lung
cancer (up to February 2025). Key outcomes included PFS, OS, ORR, DCR, and
AEs. Bias was assessed using the Cochrane tool, and data were analyzed with
random-effects models, incorporating subgroup and sensitivity analyses.
Publication bias was assessed via funnel plots and Egger's test.

Results: A total of six studies involving 2,148 patients were included in the meta-
analysis. Tislelizumab-based regimens showed significant improvements in PFS
(HR = 0.62, p < 0.0001) and OS (HR = 0.69, p < 0.0001) compared to
chemotherapy alone. The ORR (RR = 1.49, p= 0.0001) and DCR (RR = 1.49, p=
0.0010) were significantly higher in the Tislelizumab group. The Tislelizumab
group significantly reduced all-cause mortality (RR = 0.89, p = 0.0003). No
significant differences were found in AEs (RR = 1.00, p= 0.75), except for ALT and
AST elevations (RR = 1.36; 95% ClI, 1.13-1.64) and (RR = 1.77; 95% CI, 1.17-
2.67), respectively.
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Conclusions: Tislelizumab-based regimens offer significant benefits over
chemotherapy in lung cancer, with improved PFS, OS, and ORR. It significantly
reduced all-cause mortality; however, the observed increase in ALT and AST
underscores the need for vigilant liver function monitoring.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD42025641055, Identifier CRD42025641055.

tislelizumab, chemotherapy, lung cancer, efficacy, safety

1 Introduction

Lung cancer is the second most commonly diagnosed cancer,
accounting for approximately two million deaths globally (1).
According to estimates, this mortality number will increase by 1.7
times by 2025. The American Lung Association reported that Lung
cancer caused 1 out of 5 cancer-related deaths in 2021 (2). In addition to
its high mortality, lung cancer often coexists with other chronic
conditions, such as chronic obstructive pulmonary disease (3),
pneumonitis (4), cardiovascular diseases (5), and paraneoplastic
syndromes (6) etc, that can complicate management and increase the
overall disease burden. Moreover, Chen et al. (7) reported that Lung
cancer is projected to contribute the largest share to the economic
burden of cancer between 2020 and 2050 and is being estimated to be
responsible for nearly 15% of the total cancer-related costs. The above
stated issues underscore the need for more novel and effective
interventions to deal with this ailment.

Treatment for lung cancer has seen significant improvements over
time. In the beginning, traditional methods such as surgery and
radiation were primarily implied, followed by chemotherapies,
specifically Platinum-based therapies (8). Recently, we have seen the
development of more targeted immunotherapies, which include agents
like anti-Programmed Cell Death Protein (PD-1) monoclonal
antibodies (Nivolumab, Pembrolizumab, and Tislelizumab (9)).
Among these advancements, Tislelizumab stands out as a recently
developed anti- PD-1 monoclonal antibody. It is designed with the
intention of bypassing the resistance mechanisms which are commonly
encountered with conventional anti-PD-1 therapy, specifically by
minimizing FcyR binding (10). Furthermore, high PD-1 binding
affinity, improved tumor microenvironment penetration, and
improved outcomes in previously treated non-small cell lung cancer
(11) gives it edge over other immunotherapies. The improved end
results of Tislelizumab has been further emphasied by the
RATIONALE-307 trial, demostrating that when Tislelizumab is
administered in combination with chemotherapy, it results in

Abbreviations: PES, Progression free survival; ORR, Objective response rate; OS,
Overall Survival; DCR, Disease control rate; DOR, Duration of response; AE,
Adverse events; RCT, Randomized Controlled trial; PD-1, Programmed cell
death protein 1; PD-L1, Programmed death-ligand 1.
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improved Progression-Free Survival (PES), Objective Response Rate
(ORR) and better safety profile as compared to chemotherapy alone.
However, the present literature has not extensively looked into the
comparative safety and efficacy of Tislelizumab-based regimens against
the chemotherapy alone and to fill this knowledge gap, we require more
thorough studies on this aspect.

This meta-analysis study is primarily focusing on the systematic
evaluation and comparison of the safety and efficacy of Tislelizumab
with and without chemotherapy against the chemotherapy alone,
across different subtypes of lung cancer. The findings from this
study are intended to guide the future clinical management for Lung
Cancer therapy.

2 Methodology

2.1 Protocol

Meta-analysis was made according to the recommendations of
the Cochrane Collaboration and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement for
systematic reviews and meta-analysis (11, 12). The study protocol
was registered with the International Prospective Register of
Systematic Reviews (PROSPERO) under the ID CRD42025641055.

2.2 Data sources and search strategy

A comprehensive electronic literature search was performed
across various databases, including PubMed, Science Direct,
Clinicaltrials.gov, Scopus, Cochrane Library, and Embase, from
inception until February 2025 to retrieve randomized controlled
trials (RCTs), evaluating the effectiveness of Tislelizumab with or
without chemotherapy versus chemotherapy in patients with Lung
cancer. The search strategy utilized both predefined Medical Subject
Headings (MeSH) and free-text keywords in combination with the
Boolean operators “AND” and “OR” to create database-specific
search strategies. The search approach included the phrases “Lung
Neoplasm”, “Lung Cancer”, “Tislelizumab”, “Anti-neoplastic
agents”, and “Chemotherapy”. No restrictions on language or
time frame were placed. In addition, manual screening of the
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reference lists of included studies was conducted to identify
additional studies. The detailed search strategy for each database
is available in (Supplementary Tables S1-3).

2.3 Eligibility criteria

The inclusion criteria were based on the PICOS format for
systematic reviews and meta-analysis, with population (P) being
patients with Lung Cancer, intervention (I) being Tislelizumab with
or without chemotherapy, control (C) being chemotherapy, and O
being several outcomes defined below. Studies that adhered to the
following inclusion criteria were considered: (a) randomized
controlled trials (RCTs) (b) patients of Lung cancer receiving
Tislelizumab with or without chemotherapy in one arm, (c) patients
of Lung cancer receiving chemotherapy in the other arm and (d)
reported at least one of the outcomes of interest. The outcomes of
interest included PES, ORR, Overall Survival (OS), disease control rate
(DCR), duration of response (DOR), and adverse events (AE). The
exclusion criteria were: (a) studies categorized as other than RCTs e.g.
observational studies, letters to editors/commentaries, case reports,
guidelines, literature reviews, systematic reviews, and meta-analyses,
(b) studies not comparing Tislelizumab with or without chemotherapy
against chemotherapy, (c) studies including patients other than lung
cancer and (d) studies missing clinical information relevant to the
outcomes being investigated.

2.4 Study selection

Before the screening process commenced, all identified studies
were removed of duplicates. Two independent reviewers initially
screened titles and abstracts for inclusion and excluded articles that
did not satisfy the eligibility criteria. Full-text manuscripts of the
remaining eligible studies were retrieved and thoroughly examined
for inclusion. Any disagreements between the reviewers were
resolved by reaching a consensus or discussion with a third
independent reviewer.

2.5 Data extraction and quality assessment

Data extraction was carefully performed independently by two
reviewers using a pre-piloted Microsoft Excel spreadsheet. Any
discrepancies were managed by a third reviewer. The data extracted
from each eligible study included the author’s name, publication year,
country of origin, study design, total sample size in both groups,
mean age, male %, type of lung cancer, and the reported outcomes of
interest. One of the studies, Wang J et al. (13), had two intervention
arms (A: Tislelizumab + Paclitaxel + Carboplatin, B: Tislelizumab +
nab-Paclitaxel + Carboplatin) and one comparator arm (C: Paclitaxel
+ Carboplatin) and hence was subdivided into Wang J et al. (13) A
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(Arm A versus Arm C) and Wang J et al. (13) B (Arm B versus Arm
C) for data synthesis. The Cochrane’s Collaboration tool for assessing
Risk of Bias (RoB 1.0) was employed for analyzing bias risk in
randomized clinical trials (RCTs) by evaluating following domains:
[1] sequence generation (selection bias); [2] allocation concealment
(selection bias); [3] blinding of participants and personnel
(performance bias); [4] blinding of outcome assessment (detection
bias); [5] incomplete outcome data (attrition bias); [6] selective
outcome reporting (reporting bias) and [7] other bias. Each
domain was categorized as ‘low risk’, ‘unclear risk’, and ‘high risk’
according to the predefined criteria.

Primary outcomes were PFS, OS, DOR, ORR, and DCR.
Subgroup analyses were performed by lung cancer subtype,
histological classification, and intervention regimen (Tislelizumab
monotherapy vs. Tislelizumab combination therapy) to explore
potential sources of biological variability and heterogeneity.

2.6 Data analysis

All statistical analyses were conducted using R (version 2024.12.1 +
563) with the “meta” and “metafor” packages. Outcomes of
Dichotomous variables were expressed as Risk ratios with 95% CI,
while time-to-event outcomes were expressed as Hazard Ratios with
95% CI using log-transformed HRs to approximate normal distribution
(14), with standard errors. Meta-analyses were performed to pool data
and to obtain overall effect sizes. A random effects model was
consistently applied for interpretation, in line with current
recommendations (15), and the Dersimonian-Laird estimator (> or
Tau?) was used to estimate inter-study variance. Statistical heterogeneity
was evaluated using Higgins I” statistics (16), where values of 0-25%
represented low heterogeneity, 25-75% indicated moderate
heterogeneity, and values above 75% reflected high heterogeneity.
Leave-one-out sensitivity analyses were performed to explore the
sources of the potential heterogeneity by excluding one study at a
time, allowing us to evaluate the contribution of each study to the overall
estimate. Although a minimum of ten studies is typically reccommended
for publication bias assessment (17), we lowered the threshold to five to
enable analysis, given the limited number of studies. Publication bias was
evaluated via funnel plot inspection and Egger’s regression test (two-
tailed, p < 0.05). When asymmetry was detected, we applied the trim-
and-fill method (L-estimator) under a random-effects model using the
inverse variance method with REML for T* estimation.

3 Results
3.1 Systematic process of study selection
Following PRISMA guidelines, a total of 681 records were

identified across multiple databases, including PubMed (n = 47),
Embase (n = 193), Scopus (n = 134), Cochrane (n = 106), Science
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Direct (n = 196), and ClinicalTrials.gov (n = 5). After screening 480
records, 350 were excluded. Of the 130 reports sought for retrieval,
10 were unavailable, leaving 120 for eligibility assessment. Among
these, 114 were excluded due to unmet inclusion criteria (n = 60),
insufficient data quality (n = 30), or duplication (n = 24).
Ultimately, six studies were included in the final review (Figure 1).

3.2 Summary of reviewed articles

A total of six studies were included in this systematic review
and meta-analysis, encompassing 2,148 patients, of whom 1,299
(60.5%) were in the treatment group. We compared treatment
regimens involving Tislelizumab with or without chemotherapy
to chemotherapy alone. Table 1 summarizes the study and
patient characteristics for a detailed understanding of the
included trials.

The Risk of Bias (ROB) tool evaluation indicated that the
literature included medium to high-quality studies. All studies
reported adequate random sequence generation, while four

10.3389/fonc.2025.1628742

demonstrated appropriate allocation concealment. Two studies
properly blinded participants, and no study reported proper
blinding of outcome assessors. None of the studies exhibited
selective reporting, and all were free from other biases as shown
in (Supplementary Figure S6).

3.3 Primary outcomes

The pooled HR for PES using a random effects model was 0.62
(95% CI: 0.58-0.67, p < 0.001), indicating a significant benefit of
Tislelizumab-based treatment. Heterogeneity was minimal (I* =
0.0%, T = 0, p = 0.5342). Egger’s regression test for small-study
effects showed no significant publication bias (t = -0.66, df =4, p =
0.543), with a bias estimate of 0.4935 (SE = 0.7424), suggesting no
substantial asymmetry in the funnel plot (Figure 2). Subgroup
analysis demonstrated that Tislelizumab significantly improved
PFS in patients with NSCLC (HR = 0.61; 95% CI, 0.55-0.67; I* =
0.7%) and SCLC (HR = 0.65; 95% CI, 0.57-0.73; I* = 0%)
(Supplementary Figure S1). Further stratification of NSCLC

[ Identification of studies via databases and registers ]

Records removed before
screening:

Duplicate records removed
(n=201)

Records marked as ineligible
by automation tools (n =0)
Records removed for other
reasons (n =0)

Records excluded**
(n=350)

Reports not retrieved
(n=10)

Reports excluded: 114
Not meeting Inclusion
Criteria (n = 60)
Insufficient data quality (n =
30)
Overlapping or duplicate
data (n =24)

)
=
2
s Records identified from*: R
E Databases (n = 681) >
5 Registers (n = 0)
=
— |
) l
Records screened ,
(n =480)
Reports sought for retrieval
= (n=130)
= ;
%)
: }
177}
Reports assessed for eligibility
(n =120) d
—
3 Studies included in review
= (n=6)
=) Reports of included studies
= (n=0)

* A total of 681 records were identified, with 47 from PubMed, 193 from Embase, 134 from Scopus, 106 from Cochrane, 196

from Science Direct, and 5 from ClinicalTrials.gov.

**No automation tools were used

FIGURE 1
PRISMA flow diagram of the included studies.
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NSCLC (mixed): patient cohort comprising both squamous and non-squamous lung cancer histologies.

N, Total Number of Patients; RCT, Randomized controlled trial; SCLC, Small Cell Lung Cancer; NSCLC, Non-small cell lung cancer; Age is either given in median (range) or mean + SD.
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revealed a pronounced benefit in squamous NSCLC (HR = 0.50;
95% CI, 0.39-0.64; I> = 0%) (Supplementary Figure S2). Only one
study, Lu et al. (18), reported outcomes for non-squamous NSCLC,
showing an HR of 0.64 (95% CI, 0.46-0.90). When analyzed by
treatment regimen, Tislelizumab in combination with
chemotherapy improved PFS (HR = 0.62; 95% CI, 0.56-0.69; I* =
1%). Excluding Zhou et al. (10), which evaluated Tislelizumab
monotherapy, yielded a pooled HR of 0.63 (95% CI, 0.56-0.70)
for the monotherapy subgroup. Two studies (21, 22) reported PES
duration in months, comparing the intervention and control
groups. The pooled PFS using a double-arm model was 1.30
months (95% CI: 0.26-6.42), with no significant heterogeneity (I*
=0.0%, T° = 0, p = 0.9816; z = 0.32, p = 0.7476).

Two studies (10, 19) reported HRs for OS and DOR. The pooled
HR for OS using a random-effects model was 0.69 (95% CI: 0.61-
0.79, p < 0.0001), with no significant heterogeneity observed (I* =
0.0%, > = 0, p = 0.3588) (Figure 3). In contrast, the pooled HR for
DOR 0.66 (95% CI: 0.35-1.25) was comparable to chemotherapy,
with substantial heterogeneity (I> = 76.0%, 1> = 0.1660, p = 0.0413).
Three studies (10, 18, 19) reported the DOR for the intervention
group in months. The pooled DOR using a single-arm model was
7.69 months (95% CI: 4.14-14.44), with significant heterogeneity (I*
=95.2%, T° = 0.2885, p < 0.0001).

ORR was significantly higher in the Tislelizumab group (RR =
1.51;95% CI, 1.19-1.90; I” = 79.5%), with heterogeneity remaining
unchanged in leave-one-out sensitivity analysis. In a pooled
analysis of six studies evaluating Tislelizumab combination
therapy, the RR was 1.34 (95% CI, 1.11-1.63), although Zhou
et al. (10) reported a substantially higher effect for Tislelizumab
monotherapy (RR = 3.21; 95% CI, 2.03-5.10) (Supplementary
Figure S3). The effect was attenuated in SCLC (RR = 1.11; 95% CI,
0.82-1.50; I> = 0%) but remained significant in NSCLC (RR = 1.72;
95% CI, 1.19-2.48; I = 59.6%) (Figure 4) (Supplementary Figure
S4). Further stratification of NSCLC showed benefit in squamous
NSCLC (RR = 1.49; 95% CI, 1.32-1.69; I* = 0%) but no effect in
non-squamous NSCLC (RR = 1.60; 95% CI, 0.73-3.50; 1> = 0%).
DCR was higher with Tislelizumab (RR = 1.49; 95% CI, 1.18-1.90)
compared with chemotherapy alone. DCR (t = 3.67; df = 4; p =
0.0213) exhibited statistically significant publication bias;
however, interpretation is limited by the small number of
studies. Application of the trim-and-fill method imputed three
studies, yielding an adjusted RR of 1.06 (95% CI, 0.60-1.88; p =
0.85; I* = 96%), which attenuated the effect.

3.4 Safety outcomes

While the overall incidence of adverse events was similar
between groups (RR = 1.00, 95% CI: 0.99-1.01, p = 0.7545), all-
cause mortality was significantly lower in the Tislelizumab group
(RR =0.89, 95% CI: 0.83-0.95, p = 0.0003), reinforcing its potential
survival benefit. Additionally, hepatic toxicities were more frequent
in the intervention arm, with a significant increase in ALT (RR =
1.36; 95% CI, 1.13-1.64; I* = 24.0%). This effect was attenuated
when analyses were stratified by lung cancer type and histological
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Weight Weight
Study logHR SE (common) (random) HR [95% CI] Hazard Ratio (95% CI)
Zhou C et al., 2022 —-0.4620 0.0561 47.0% 47.0% 0.63[0.56; 0.70] . 3
Wang J et al.,, 2021a -0.6463 0.1780 4.7% 4.7% 0.52[0.37; 0.74] —-—-—
Wang J et al., 2021b —-0.7381 0.1790 4.6% 4.6% 0.48[0.34;0.68] —=—+
Lu S et al., 2021 -0.4385 0.1710 5.1% 5.1% 0.64 [0.46; 0.90] —
Cheng Y et al., 2024 —-0.4463 0.0633 36.9% 36.9% 0.64 [0.57;0.72] --
Gong Y et al.,, 2024 -0.2231 0.2970 1.7% 1.7% 0.80 [0.45; 1.43] —
Total (common effect, 95% CI) 100.0% . 0.62[0.58; 0.67] ¢
Total (random effect, 95% CI) . 100.0% 0.62 [0.58; 0.67] <
Heterogeneity: Tau® = 0; Chi® = 4.11, df = 5 (P = 0.5342); I? = 0.0%
Test for overall effect (common effect): Z = -12.28 (P < 0.001) 0.5 1 2
Test for overall effect (random effects): Z = -12.28 (P < 0.001) Favors Tislelizumab Favors Control
FIGURE 2

Forest plot of pooled hazard ratios for PFS [HR = 0.62 (95% Cl: 0.58-0.67); p < 0.001].

subtype. The regression test indicated no significant funnel plot
asymmetry (p = 0.519). AST was elevated in the intervention arm
(RR = 1.77; 95% CI, 1.17-2.67). Omitting Lu et al. (18) reduced
heterogeneity to 48.4% (RR = 2.03; 95% CI, 1.45-2.84)
(Supplementary Figure S7). Subgroup analysis identified the
highest risk in squamous NSCLC (RR = 2.91; 95% CI, 2.05-4.15;
I* = 0%), which explained the heterogeneity (Supplementary Figure
S5). Egger’s test indicated funnel plot asymmetry (t = 3.22; df = 4;
p = 0.0324). Trim-and-fill imputed three studies, yielding an
adjusted RR of 1.20 (95% CI, 0.67-2.14; p = 0.49; I’ = 85.3%),
attenuating the effect. Other adverse events, including anemia,
thrombocytopenia, and neutropenia, did not show statistically
significant differences. These findings highlight the therapeutic
advantages and potential safety considerations associated with
Tislelizumab-based regimens (Table 2). Evidence of publication
bias was assessed using Egger’s test across multiple clinical
outcomes. For adverse events, no significant small-study effects
were detected (t = -0.42, df = 4, p = 0.6984), with a bias estimate of
-0.6663 (SE = 1.5994). Similarly, anemia (t = -1.01, df = 5, p =
0.3573) and thrombocytopenia (t = 0.93, df = 4, p = 0.4051)
demonstrated no significant bias. Similarly, hypoalbuminemia (t
=2.73, df = 4, p = 0.0522) and neutropenia (t = -1.18, df = 5, p =
0.2893) showed no significant bias, with heterogeneity eliminated
upon exclusion of Zhou et al. (10).

4 Discussion

This meta-analysis demonstrates that tislelizumab-based
treatments are more effective than chemotherapy for both small
cell and non-small cell lung cancers, including squamous, non-
squamous, and adenocarcinoma subtypes. Across a pooled cohort
of 2,148 patients, Tislelizumab regimens were associated with
longer PFS and OS across different patient subgroups regardless
of histological type or whether used alone or in combination,
whereas DOR was comparable to chemotherapy. ORR and DCR
were also higher with tislelizumab, particularly in NSCLC with
squamous histology. The overall side effect profile was comparable
between groups, although tislelizumab was linked to a higher
likelihood of liver enzyme elevations. Importantly, tislelizumab
treatment was associated with lower mortality, underscoring its
clinical benefit over chemotherapy.

Historically, treatment guidelines for advanced NSCLC held
chemotherapy (e.g., taxanes or platinum-based agents) as the
mainstay of first-line therapy, reserving immune checkpoint
inhibitors like nivolumab or pembrolizumab for subsequent lines.
However, the paradigm has shifted since PD-1 and Programmed
Death-Ligand 1 (PD-L1) inhibitors emerged. Landmark studies
such as CheckMate 017 and 057 (nivolumab) (23, 24),
KEYNOTE-010 (pembrolizumab) (25), and OAK (atezolizumab)
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Weight Weight
Study logHR SE (common) (random) HR [95% CI] Hazard Ratio (95% ClI)
Zhou C et al., 2022 -0.4155 0.0880 60.1% 60.1% 0.66 [0.56; 0.78] —.-—
Cheng Y et al., 2024 -0.2877 0.1080 39.9% 39.9% 0.75[0.61;0.93] ——
Total (common effect, 95% CI) 100.0% . 0.69 [0.61; 0.79] ’
Total (random effect, 95% ClI) . 100.0% 0.69 [0.61; 0.79] -
Heterogeneity: Tau? = 0; Chi® = 0.84, df = 1 (P = 0.3588); I? = 0.0%
Test for overall effect (common effect): Z = -5.34 (P < 0.001) 0.75 1 15

Test for overall effect (random effects): Z = -5.34 (P < 0.001)

FIGURE 3
Forest plot of pooled hazard ratios for OS [HR = 0.69 (95% CI: 0.61-0.79); p < 0.001].
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Subgroup Events Total Events Total (random) RR 95% CI IV, Fixed + Random, 95% CI
“Subgroup(Ca)’ = NSCLC Vi
Zhou C et al., 2022 121 535 19 270 10.7% 3.21  [2.03;5.10] P
Wang J et al., 2021a 88 120 60 121 16.0% 1.48 [1.20;1.82] -

Wang J et al., 2021b 89 119 60 121 16.0% 1.51 [1.23;1.86] -

LiL et al., 2022 20 33 11 33 89% 1.82 [1.04;3.17] ————

Lu S et al., 2021 128 223 41 111 14.8% 1.55 [1.19;2.03] -

Total (common effect, 95% Cl) 446 1030 191 656 . 1.60 [1.42;1.81] R 4

Total (random effect, 95% Cl) 66.4% 1.72 [1.19;2.48] -
Heterogeneity: Tau® = 0.0454; Chi® = 9.89, df = 4 (P = 0.0422); I° = 59.6% *
‘Subgroup(Ca)’ = SCLC Vi

Cheng Y et al., 2024 154 227 143 230 17.3% 1.09 [0.95; 1.25] =

Gong Y et al., 2024 37 42 33 43 16.2% 15 [0.94; 1.40] T

Total (common effect, 95% CI) 191 269 176 273 . 111 [0.99; 1.24] >

Total (random effect, 95% CI) 33.6% 1.11 [0.82; 1.50] ’
Heterogeneity: Tau? = 0; Chi = 0.17, df = 1 (P = 0.6789); I = 0% i

Total (common effect, 95% CI) 637 1299 367 929 . 131 [1.21;1.42] Y3

Total (random effect, 95% ClI) 100.0% 1.51 [1.11;2.05] -
Heterogeneity: Tau? = 0.0759; Chi® = 29.27, df = 6 (P < 0.0001); I> = 79.5% f T T !
Test for overall effect (random effects): ts = 3.26 (P = 0.017) 0.2 0.5 1 2 5

Test for subgroup differences (common effect): Chi? = 19.20, df = 1 (P < 0.0001)

Favors Control Favors Tislelizumab

Test for subgroup differences (random effects): Chi?=10.83, df = 1 (P = 0.0010)

FIGURE 4

Subgroup forest plot for ORR based on lung cancer subtype INSCLC: RR = 1.72 (95% Cl: 1.19-2.48), I = 0%; SCLC: RR = 1.11 (95% Cl: 0.82 - 1.50), I* = 0%].

(26) established the superiority of immunotherapy over
chemotherapy in second-line settings, typically improving median
OS by 3-4 months (e.g., 9.2-12.2 months vs. 6.0-9.1 months
with chemotherapy).

Tislelizumab is a humanized IgG4 monoclonal antibody that
works on PD-1 receptors. It is structurally engineered to minimize
binding to Fc gamma receptors (FcyRs) on macrophages, so that it
can reduce the antibody-dependent phagocytosis of T-cells. Earlier
drugs like atezolizumab, already out there, are humanized
antibodies that target PD-L1 instead, stopping it from linking up
with PD-1 and B7.1. Literature suggests this modification could

TABLE 2 Summary of clinical safety outcomes.

Intervention
Group

Outcomes

Events Total Events

Control Group

improve efficacy by preventing T-cell clearance, a process that
might occur with other PD-1 inhibitors (27). While
Tislelizumab’s approach is similar to atezolizumab’s in reducing
FcyR interactions, its 1gG4 base aligns it more closely with
nivolumab and pembrolizumab. However, there was no
statistically significant difference in OS and PFS outcomes when
comparing PD-1 versus PD-L1 agents in extensive-stage SCLC,
although subgroup analyses sometimes hinted at modest differences
in PFS with first-line treatment favoring PD-1 inhibitors (including
tislelizumab) over PD-L1 inhibitors (atezolizumab) in specific
populations (28).

Risk ratios (95% CI)

Heterogeneity (1)

Total

Clinical Safety Outcomes

Adverse Events 2442 | 1245 1264 880 887 1.00 (95% CI: 0.99, 1.01) 0% P =0.7545
Anemia 2508 | 778 1297 624 920 0.99 (95% CI: 0.88, 1.11) 80.2% P =0.8323
Neutropenia 2508 | 463 1297 445 920 0.72 (95% CI: 0.50, 1.03) 92.1% P =0.0731
Febrile Neutropenia 720 5 238 2 234 2.44 (95% CI: 0.47, 12.54) 0% P> 0.05

Thrombocytopenia 1703 | 357 762 261 650 1.07 (95% CI: 0.93, 1.23) 17.7% P =0.3274
All-cause Mortality 1388 | 543 804 411 543 0.89 (95% CI: 0.83, 0.95) 0% P =0.0003
ALT 2442 | 377 1264 193 887 1.36 (95% CI: 1.13, 1.64) 24% P = 0.0006
Hypo-proteinemia 2442 | 204 1264 113 887 1.24 (95% CI: 0.96, 1.61) 23.1% P =0.1004
AST 2442 | 338 1264 148 887 1.77 (95% CI: 1.17, 2.67) 80.4% P =0.0069

N, Number of Patients; ORR, Objective Response Rate; DCR, Disease Control Rate; RR, Risk Ratio; OR, Odds Ratio; CI, Confidence Interval; ALT, Alanine Aminotransferase; AST, Aspartate

Aminotransferase.
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Tislelizumab demonstrated a significant PFS improvement by
38% with an HR of 0.62 compared to control treatments. This
represents a greater survival benefit compared to pembrolizumab,
atezolizumab, and nivolumab, which demonstrated PES hazard
ratios of approximately 0.79, 0.95, and 0.92, respectively, in
various trials (23-26). Notably, the PFS benefit observed with
tislelizumab is equivalent to that reported in the CHECKMATE
017 trial for squamous NSCLC. Subgroup analysis revealed PFS
improvements across lung cancer types, with an HR of 0.61 in
NSCLC and 0.65 in SCLC. Among NSCLC subtypes, the benefit was
more pronounced in squamous NSCLC, which showed an HR of
0.50 compared to 0.64 in non-squamous NSCLC, surpassing the
findings of CHECKMATE 017 PES.

OS improved by 31% with tislelizumab treatment (HR = 0.69),
which is competitive with several major PD-1 inhibitor trials:
CHECKMATE 017 (HR = 0.59), CHECKMATE 057 (HR = 0.73),
KEYNOTE-010 (HR = 0.61), and OAK (HR = 0.73). DOR was
comparable between the tislelizumab and control groups. Notably,
the median DOR in the tislelizumab-treated group was
approximately 7.69 months, which is substantially shorter than
the median DOR reported in other immunotherapy trials, where it
typically ranges around 17 months. However, it’s crucial to interpret
these results with caution, considering the different follow-up
durations, limited sample sizes, and inclusion of various lung
cancer types across a small number of studies, such as (19) which
included SCLC, while (10) and (18) included mixed squamous and
non-squamous NSCLC populations.

The ORR was higher with tislelizumab-based regimens
compared to chemotherapy (RR = 1.51), although heterogeneity
was substantial (I* = 79.5%). Subgroup analysis by cancer type
accounted for a significant portion of this variability. Patients with
NSCLC demonstrated a markedly better ORR (RR = 1.72; I* =
59.6%), and further stratification revealed that squamous NSCLC
achieved the greatest response (RR = 1.49) with minimal
heterogeneity (I* = 0%). These results are consistent with findings
from nivolumab trials; however, the present analysis suggests
applicability across all lung cancer types, with the strongest effect
observed in squamous NSCLC. DCR was initially higher in the
tislelizumab group (RR = 1.49), but this outcome demonstrated
statistically significant publication bias. Application of the trim-
and-fill method to account for potentially missing studies reduced
the pooled estimate to a non-significant value, indicating no
definitive treatment advantage. Furthermore, the extremely high
heterogeneity (I* = 96%) and limited sample size substantially limit
confidence in the DCR results.

Current evidence does not include high-quality, double-blind
RCTs directly showing that tislelizumab is superior to other PD-1/
PD-L1 inhibitors for any lung cancer. However, an indirect
comparison evaluated tislelizumab plus chemotherapy versus
pembrolizumab plus chemotherapy as first-line treatment for
advanced NSCLC, based on ESMO (29)and NCCN guidelines
(30). Both combinations significantly improved PFS and ORR
compared with chemotherapy alone, with tislelizumab performing
similarly to pembrolizumab. These results are in concordance with
the findings of network meta-analysis, which showed tislelizumab,
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pembrolizumab, and nivolumab are therapeutically similar (31), but
tislelizumab may provide better PFS across all lung cancer types and
a notable reduction in all-cause mortality. Although the indirect
evidence appears promising, the lack of direct head-to-head
comparisons with Pembrolizumab (32), Atezolizumab (33), and
Nivolumab leaves some uncertainty.

Tislelizumab offers a flexible and effective treatment option for
both NSCLC and SCLC when combined with chemotherapy. For
instance, in the RATIONALE 307 trial, adding tislelizumab to
chemotherapy improved PFES for patients with advanced
squamous NSCLC, with a median PFS of 7.6 months compared
to 5.5 months when only chemotherapy was used (33). Similarly,
the RATIONALE 304 trial showed that patients with non-
squamous NSCLC had a median PFS of 9.7 months with
tislelizumab plus chemotherapy, versus 7.6 months with
chemotherapy alone (18). In extensive-stage small cell lung
cancer, the RATIONALE-312 trial reported improvements in
PFS and OS when tislelizumab was added to chemotherapy (19).
Additionally, (21) showed greater PES benefits than chemotherapy
for adenocarcinoma. These findings support our results that
tislelizumab can be used effectively as a first-line treatment in
lung cancer.

Safety Considerations: The overall incidence of side effects
with tislelizumab was comparable to control treatments (RR = 1.00,
p = 0.75). However, a systematic review suggested that tislelizumab
may have a lower risk of severe (grade >3) treatment-related adverse
events, particularly hematological toxicities, compared to other ICIs
(34). Due to limited direct comparisons and reliance on indirect
evidence, these findings require further validation. Notably,
tislelizumab is significantly associated with elevated AST/ALT
levels and significant liver toxicity, a known class effect of PD-1
inhibitors. This immune-mediated liver injury results from
excessive T-cell activation and cytokine release (35). Proactive
monitoring through regular liver function tests is essential for
early detection. Prompt intervention with corticosteroids or
immunosuppressants can prevent serious complications (36).

4.1 Cost effectiveness

Another interesting finding is related to cost. Some studies have
shown that tislelizumab has lower incremental cost-effectiveness
ratios compared to atezolizumab and ocrelizumab in China (37),
which may make it a more affordable option. Additionally, when
compared to docetaxel in NSCLC, tislelizumab showed a favorable
cost-effectiveness ratio and quality-adjusted life year gain across the
Chinese population (38). Although these findings derive mainly
from indirect comparisons and studies focusing on NSCLC or other
malignancies rather than direct one-on-one trials with other PD-1/
PD-LI inhibitors, cost considerations could significantly influence
treatment selections. Tislelizumab’s recent approval in the United
States, currently used for esophageal and hepatocellular carcinomas,
and its therapeutic potential for lung cancers may require pricing
reforms such as tiered pricing, Medicare negotiations, and
improved reimbursement policies to enhance affordability, given
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the high costs of ICIs. In low- and middle-income countries, ICIs
face accessibility challenges due to high upfront costs and limited
availability. Tislelizumab’s cost-effectiveness could make it a viable
option, but strategies like local production, price controls, and
supportive healthcare policies are needed to ensure wider access.

4.2 Limitations

This study has certain limitations. While our analysis benefits
from including RCTs and different types of lung cancers, mixing
different study designs can introduce variations in effect sizes. First,
the overall variability was low (I* = 0% for many outcomes), so we
performed detailed subgroup analyses to address heterogeneity.
However, for DOR, heterogeneity remained high (I* = 76.0%),
which could not be explored due to population heterogeneity and
limited data (only two studies). Second, most studies were from
China, and some had inadequate control of outcome assessments,
which may affect the validity. Third, the lack of head-to-head trials
with other PD-1/PD-L1 inhibitors also limits the persuasiveness of
this study. Other limitations included inconsistent follow-up times,
varying chemotherapy regimens, and differences in patient
subgroups, which could influence the pooled estimates. Future
studies should include larger trials with long-term data on quality
of life, late side effects, and more uniform treatment approaches to
improve reliability.

4.3 Future directions

Larger, rigorously designed RCT' targeting specific lung cancer
subtypes and chemotherapy agents are necessary to validate these
findings and to identify patient populations most likely to benefit
from tislelizumab treatment. Direct comparative trials evaluating
tislelizumab against established ICIs such as nivolumab,
pembrolizumab, and atezolizumab are essential to establish its
relative efficacy. Furthermore, extended longitudinal studies are
warranted to assess the durability of clinical responses, the impact
on patients’ quality of life, and the emergence of late-onset adverse
effects. Future meta-analyses incorporating high-quality
observational studies may be valuable for evaluating the external
validity of our findings. Additionally, comprehensive cost-
effectiveness analyses, alongside detailed biomarker-based
stratification including PD-L1 expression and tumor mutational
burden, will facilitate precision medicine approaches tailored to
individual patients and distinct lung cancer phenotypes.

5 Conclusions

This meta-analysis, encompassing 2,148 patients across six
studies, demonstrates that Tislelizumab-based regimens offer a
statistically significant and clinically relevant benefit over
chemotherapy in lung cancer. Tislelizumab was associated with a

Frontiers in Oncology

10.3389/fonc.2025.1628742

38% reduction in PFS and a 31% reduction in risk of death, with
minimal statistical heterogeneity. These benefits were consistent
across histologies, including ES-SCLC and advanced NSCLC, and
aligned with the growing role of PD-1 inhibitors in first-line
settings, as reflected in current NCCN and ESMO guidelines.
Tislelizumab’s hazard ratios for OS and PFS are comparable to
those of established agents such as pembrolizumab and nivolumab.
While direct comparisons are limited, its performance in both
squamous and non-squamous NSCLC, particularly among
patients with PD-L1 expression >50%, suggests it is a viable first-
line option where accessible, Disease Response and control rates
were significantly higher with Tislelizumab-based regimens.
Importantly, these clinical benefits were achieved without an
increase in overall toxicity. As seen with other immune
checkpoint inhibitors, hepatotoxicity, particularly elevated ALT
and AST, was more frequent and should be monitored
proactively. However, Hematologic adverse events did not differ
meaningfully from standard chemotherapy, indicating an overall
tolerable safety profile. The evidence base remains modest, and trial
heterogeneity, limited blinding, and potential selection biases must
be acknowledged. Further head-to-head trials and biomarker-
stratified analyses are warranted to define optimal positioning.
Nevertheless, for appropriately selected patients, Tislelizumab
offers a guideline-concordant, clinically effective, and manageable
immunotherapy option across lung cancer subtypes.
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