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Purpose: Pembrolizumab and tislelizumab have demonstrated significant clinical
benefits in first-line treatment for advanced NSCLC. However, no head-to-head
clinical trial has ever compared the optimal choice. Therefore, we conducted an
indirect comparison to explore the optimal choice for advanced NSCLC combined
with chemotherapy.

Methods: We conducted a systematic review of randomized trials; the clinical
outcomes included overall survival (OS), progression-free survival (PFS), objective
response rate (ORR), and adverse events (AEs). Indirect comparisons between
tislelizumab and pembrolizumab were conducted with the Bucher method.

Results: Data were abstracted from 6 randomized trials involving more than
2,000 participants. Direct meta-analysis showed that both treatment regimens
improved clinical outcomes compared with chemotherapy alone (PFS: hazard
ratio (H R)tis+chemo/chemo 0-55, 95% ClI 045—067, HRpem+chemo/chemo 0-53: 95% ClI
0.47-0.60; ORR: relative risk (RR)tst+chemoschemo 1.50, 95% CI 1.32-1.71;
RRpem+chemorchemo  1.89, 95% ClI 1.44-2.48). Regarding safety outcomes,
tislelizumab and pembrolizumab have a higher risk in the incidence of grade
3 or higher AEs (RRis1chemo/chemo 1.12, 95% CI 1.03-1.21; RRpem+chemo/chemo 1.13,
95% C1 1.03-1.24). The indirect comparison showed that there was no significant
difference between tislelizumab plus chemotherapy and pembrolizumab plus
chemotherapy in terms of PFS (HR: 1.04, 95% ClI 0.82-1.31), ORR (RR: 0.79,
95% Cl 0.59-1.07), the incidence of grade 3 or higher AEs (RR 0.99, 95% ClI

Abbreviations: NSCLC, Non-small cell lung cancer; ESMO, European Society for Medical Oncology;
ECOG, Eastern Cooperative Oncology Group; PS, Performance Status; ICl, immune check-point
inhibitor; PFS, Progression-free survival; QALYs, quality-adjusted life-years; HR, Hazard ratio; ORR,
Objective response rate; RR, Relative risk; OS, Overall survival; AEs, Adverse events; PD-1,
Programmed cell death protein-1; PD-L1, Programmed death-ligand 1; FDA, Food and Drug
Administration; 19G4, Immunoglobulin G4; NMPA, National Medical Products Administration; Cls,
Confidence intervals; RCT, Randomized controlled trial; Tis, Tislelizumab; Chemo, Chemotherapy;
Pem, Pembrolizumab; TPS, Tumor proportion scorel; ADCP, Antibody-dependent cell-mediated
phagocytosis.
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0.87-1.12), and AEs leading to death (RR 0.70, 95% CI 0.23-2.09). In progression-
free survival subgroup analysis, the results demonstrate no significant differences in
PFS by PD-L1 TPS expression level, age, liver metastasis status, and smoking status
between tislelizumab plus chemotherapy and pembrolizumab plus chemotherapy.

Conclusion: The efficacy and safety of tislelizumab combination chemotherapy
were not substantially different from pembrolizumab combination chemotherapy.

KEYWORDS

non-small cell lung cancer, programmed cell death 1 receptor, immunotherapy,
tislelizumab, pembrolizumab

1 Introduction

In recent years, programmed cell death protein-1 (PD-1)/
programmed death-ligand 1 (PD-L1) inhibitors have drawn
much attention in the fields of tumor therapy (Han et al, 2020).
Especially in the treatment of advanced non-small cell lung cancer
(NSCLC), many PD-1/PD-L1
satisfactory efficacy and safety.

According to the European Society for Medical Oncology (ESMO),
in metastatic NSCLC (mNSCLC), the treatment approach varies
between oncogene-addicted and non-oncogene-addicted NSCLC. It

inhibitors have demonstrated

is recommended that patients are assessed using the Eastern
Cooperative Oncology Group (ECOG) Performance Status (PS)
before starting any treatment regimen. For advanced oncogene-
addicted mNSCLC, using agents such as osimertinib, gefitinib, and
erlotinib in first-line therapy is recommended. For non-oncogene
addicted mNSCLC, therapy is determined by ECOG PS and PD-L1
expression levels. Monotherapy immune check-point inhibitor (ICI)
(e.g, pembrolizumab) is the standard treatment for patients with PS
0-1, tumour PD-L1>50% and without contraindication for ICI. A
combination of platinum-based chemotherapy plus PD-1/PD-
L1 inhibitor (e.g, pembrolizumab, atezolizumab) is the most
common treatment approach for patients with PS 0-1, regardless of
tumour PD-LI status and without contraindication for ICI. For patients
with PS 0-2 and who are contraindicated for immunotherapy,
platinum-based chemotherapy doublets are first-line therapies based
on histological subtype and organ function. For patients with PS of 2,
platinum-based doublets should be considered and single agent
chemotherapy is an alternative. Patients with PS 3-4 should be
offered the best supportive care. (Postmus et al, 2017).
Pembrolizumab was the first PD-1 inhibitor approved by the
FDA (Food and Drug Administration) and the first approved for
treating previously untreated metastatic NSCLC combined with
chemotherapy. In two phase III trials of KEYNOTE-189 and
KEYNOTE-407, plus
chemotherapy improved efficacy compared with platinum-based

pembrolizumab platinum-based
chemotherapy alone in both previously untreated metastatic non-
squamous NSCLC (Rodriguez-Abreu et al, 2021) and squamous
NSCLC (Paz-Ares et al, 2020).

Tislelizumab is a humanized immunoglobulin G4 (IgG4)-
variant monoclonal antibody blocking PD-1 that has been
approved by the National Medical Products Administration
(NMPA) for the first-line treatment of advanced NSCLC in
combination with chemotherapy (Lee and Keam, 2020). In
RATIONALE 304, tislelizumab plus chemotherapy significantly
survival (PES)

prolonged progression-free compared with
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chemotherapy alone in patients with locally advanced or
metastatic non-squamous NSCLC (Lu et al, 2021). Other studies
showed that tislelizumab could provide longer quality-adjusted life-
years (QALYs)than docetaxel and nivolumab, with a lower price
(Zhou et al, 2022; Zhou et al, 2023).

With multiple approved treatments available, it is important to
identify the differences in survival and safety outcomes between them
and to balance the cost of care for clinical decision-making. Although
pembrolizumab and tislelizumab have demonstrated significant clinical
benefits in the first-line treatment of advanced NSCLC, there has never
been a head-to-head clinical trial comparing the best choice. To address
this problem, we evaluated the efficacy of two forms of combined
therapy, tislelizumab plus chemotherapy, versus pembrolizumab plus
chemotherapy, for the first-line treatment of patients with advanced
NSCLC using indirect comparison.

Currently, there are several choices of indirect comparisons, such as
network meta-analysis, the Bucher method, matching-adjusted indirect
comparison (MAIC), or reconstruction of individual patient data (IPD).
MAIC has poor precision when the sample size is small, and the Bucher
method is only suitable for simple indirect comparison (Bucher et al,
1997). Researchers must carefully assess the data to choose an
appropriate method for pooling effect sizes.

2 Methods
2.1 Search strategy

We conducted our review following the PRISMA 2020. A
systematic search was conducted through PubMed, Embase, Web
of Science, and Cochrane Library databases to select randomized
controlled trials that compared tislelizumab plus chemotherapy or
pembrolizumab plus chemotherapy with chemotherapy for first-line
treatment of advanced NSCLC before 11 November 2022. Keywords
contain “NSCLC,” “non-small-cell lung cancer,” “non-small cell

» o«

lung cancer,” “tislelizumab,” and “pembrolizumab.” Studies were

restricted to “randomized controlled trial (RCT)" or “clinical trial."

2.2 Selection criteria
The inclusion criteria were as follow.
(I) Population: All patients were histologically or cytologically

diagnosed with locally advanced (stage IIIB) or metastatic
(stage IV) NSCLG;
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Records identified through database searching : '
n=1,121 (PubMed 64, Embase 93, Web of Duplicates excluded: n=207
Science 199 and Cochrane Library databases
Excluded studies: n=857
Title and abstracts initially screened: 26 Non-RCT
n=914 61 Reviews and meta-analysis
22 Not first line regimens
22 Not advanced or metastatic
NSCLC
726 Other
Foll " 1 Excluded studies: n=51
ull text al‘[ic-e; assessed: 44 Duplicate reports
0= 7  No relevant data
/
Studies inluded:
n=6
FIGURE 1

Flow diagram of literature retrieval and selection.

(II) Interventions: tislelizumab or pembrolizumab  plus
chemotherapy as first-line treatment;

(III) Controls: chemotherapy alone as the first-line treatment;

(IV) Outcomes: measurements of efficacy and safety;

(V) Study design: randomized phase 2 or 3 clinical trials.

Exclusion criteria.
(I) Insufficient data;
(II) Duplicate reports;
(III) Retrospective study, systematic reviews, meta-analysis, letters
Or reviews.

2.3 Data extraction and quality assessment

Two investigators independently screened articles according to

the predetermined eligibility criteria, and discordances were
resolved by mutual discussion. The primary information of the
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enrolled article was extracted as follows: first author, publication
years, type of clinical trial, histology type, number of patients,
gender, age, treatments, median follow-up, and clinical outcomes.
The clinical outcomes included overall survival (OS), progression-
free survival (PFS), objective response rate (ORR), and adverse
events (AEs). Data from OS and PFS were evaluated using
hazard ratios (HRs) with corresponding 95% confidence intervals
(CIs), while data from ORR and AEs were evaluated using risk ratio
(RR) and its 95% CI. AEs are classified as AEs of grade 3 or higher,
and treatment-related AEs lead to death. The incidence rate of the
most frequently occurring immune-related AEs includes
hypothyroidism, hyperthyroidism, pneumonitis, hepatitis, and
severe skin reactions.

The quality of the included studies was assessed with Cochrane
risk of bias tools from seven aspects: random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other biases. Disagreements were resolved

through discussion.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1172969

Guo et al.

TABLE 1 Characteristics of Patients Comparing tislelizumab plus Chemotherapy or Pembrolizumab plus Chemotherapy with Chemotherapy in Included Trials.
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Tis, tislelizumab; nab, nanoparticle albumin-bound; TC, paclitaxel and carboplatin; PP, pemetrexed and platinum; PC, pemetrexed and carboplatin; Pem, pembrolizumab; PES, progression-free survival; ORR, objective response rate; OS, overall survival; AEs, adverse

events.
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2.4 Statistical analysis

All statistical analyses were conducted with RevMan
5.1 software. A traditional meta-analysis was performed to
assess the difference in effectiveness between tislelizumab or
pembrolizumab plus chemotherapy and chemotherapy alone.
OS and PFS were presented with HRs with 95% CIs with the
generic inverse variance method. ORR and frequency of AEs were
assessed using RRs and 95% CIs. The X2 test evaluated
heterogeneity and we chose the statistic model base on its
results. We used a fixed-effect model if p-values >0.1;
otherwise, the random-effect model was used. The adjusted
indirect comparison was calculated using the Bucher method
(Bucher et al, 1997). All tests were 2-sided, with an alpha level
of 0.05.

3 Results
3.1 Characteristics of included clinical trials

We first identified 1,121 records from online databases (PubMed
64, Embase 93, Web of Science 199, and Cochrane Library databases
765). After excluding duplicates and screening titles and abstracts,
57 studies met our screening criteria. Six studies (Paz-Ares et al,
2020; Awad et al, 2021; Cheng et al, 2021; Lu et al, 2021; Rodriguez-
Abreu et al, 2021; Wang et al, 2021) were included (Figure 1), of
which Cheng et al was a extension of Paz-Ares et al We decided not
to combine the two studies in meta-analysis due to overlap in data.
The Cheng et alstudy used only age and smoking status for subgroup
analysis of PFS, as relevant data were not available from the Paz-Ares
study.

The detailed information on study characteristics is summarized
in Table 1. We summarized the risk of bias results in Figure 2. The
high risk of bias was mainly caused by performance bias since four of
the included RCT's were open-label studies.

3.2 Direct meta-analysis and indirect meta-
analysis

3.2.1 Progression-free survival

Five studies (Paz-Ares et al, 2020; Awad et al, 2021; Lu et al,
2021; Rodriguez-Abreu et al, 2021; Wang et al, 2021) were
included for analysis to estimate the PFS. The result showed
that combined therapy significantly improved PFS compared
with chemotherapy alone (HRyisichemo/chemo 0.55, 95% CI
0.45-0.67; p < 0.00001; HRjemchemoschemo 053, 95% CI
0.47-0.60; p < 0.00001; Figure 3A).

Using the indirect comparison suggested an insignificant
difference between tislelizumab and pembrolizumab (HR
tistchemo/pem chemo: 1.04, 95% CI 0.82-131; p = 0.77; Table 2).

3.2.2 Progression-free survival subgroup analysis
In subgroups analysis considering PD-L1 tumor proportion
score (TPS) expression level (TPS<1% or TPS>1%) (3,4,6,10),
age (age <65 years or age >65 years) (3,6,10,12), liver metastasis
status (3,6,10), and smoking status (3,6,10,12), the combined
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FIGURE 2

Risk of bias summary for each study.

TABLE 2 Indirect Comparison of Tislelizumab Plus Chemotherapy vs.
Pembrolizumab Plus Chemotherapy for Advanced NSCLC.

Statistical analysis

HR/RR 95%Cl p-value
PES
Overall 1.04 0.82 131 0.77
PD-L1 TPS<1% 1.04 0.72 1.51 0.82
PD-L1 TPS >21% 0.98 0.71 1.34 0.89
age <65 years 1.27 0.90 1.80 0.17
age >65 years 1.09 0.70 1.69 0.70
Liver metastasis at baseline 0.74 0.38 1.45 0.38
Current or former Smoking 1.11 0.84 1.49 0.46
ORR 0.79 0.59 1.07 0.13
AEs leading to death 0.70 0.23 2.09 0.52
grade 3 or higher AEs 0.99 0.87 1.12 0.85
Hypothyroidism 5.40 0.97 30.01 0.05
Hyperthyroidism 1.65 0.20 13.90 0.64
Pneumonitis 4.76 0.78 28.83 0.09
Severe skin reactions 443 0.69 28.38 0.12
Hepatitis 0.12 0.01 1.28 0.08

therapy shows better PFS (Figure 4). In indirect comparison, the
results failed to demonstrate significant differences in PFS by
PD-L1 TPS expression level, age, liver metastasis status, and
smoking status between the two forms of combined therapy
(Table 2).

Frontiers in Pharmacology

3.2.3 Objective response rate

Five studies were included to estimate the ORR (Paz-Ares et al,
2020; Awad et al, 2021; Lu et al, 2021; Rodriguez-Abreu et al, 2021;
Wang et al, 2021). Significant improved ORR was observed in
combined therapy (RRysichemo/chemo 1.50, 95% CI 1.32-1.71; p <
0.00001; RR e chemorchemo 1.89, 95% CI 1.44-2.48; p < 0.00001;
Figure 3B).

Indirect analysis shows no significant difference between the two
types of combined therapies (RR 0.79, 95% CI 0.59-1.07; p = 0.13;
Table 2).

3.2.4 Overall survival

Only three studies reported OS (3,4,11), and they all studied
pembrolizumab. The results showed that pembrolizumab plus
chemotherapy had a significant effect on improving OS.
Compared with the chemotherapy group, it reduced the risk of
death by 36% (HR 0.64, 95% CI 0.55-0.73; p < 0.00001; Figure 5).
For tislelizumab, the median OS was not reached in either of the
included studies Lu et al. (2021), Wang et al. (2021); therefore, we
could not perform the direct meta-analysis and indirect comparison
of OS.

3.2.5 Safety

A total of 5 studies were included in this analysis (Paz-Ares et al,
2020; Awad et al, 2021; Lu et al, 2021; Rodriguez-Abreu et al, 2021;
Wang et al, 2021). The results showed that AEs > grade 3 occurred
more frequently in the combined therapy group (RRyistchemoschemo
112, 95% CI 1.03-121; p = 0.01; RR e chemorchemo 113, 95% CI
1.03-1.24; p = 0.01). But no significant difference was discovered in

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1172969

Guo et al. 10.3389/fphar.2023.1172969
A PSF
Hazard Ratio Hazard Ratio

Study or Subgrou Hazard Ratio’ SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.1.1 tislelizumab plus chemotherapy vs chemotherapy

Lu et al.(6) -0.4377 01706 354% 0.65][0.46,0.90] &

Wang etalh{10) -0.7381 01799 31.9% 0.48][0.34, 0.68] ——

Wang et al.a(10) -0.6463 01775 327% 052[0.37,074] ——

Subtotal (95% CI) 100.0% 0.55[0.45, 0.67] L 4

Heterogeneity: Chi*=1.56, df= 2 (P = 0.46), F= 0%

Test for overall effect: Z=5.93 (P < 0.00001)

1.1.2 pembrolizumab plus chemotherapy vs chemotherapy

Awad etal.(11) -0.6162 0.2212 8.5% 0.54[0.35 083 =

Paz-Ares et al.(4) -0.563 0.098 433% 0.57([047 069 el

Rodriguez-Abreu et al.(3) -0.7096 0.0929 48.2% 049[0.41,059] L3

Subtotal (95% CI) 100.0% 0.53[0.47, 0.60] L

Heterogeneity: Chi*=1.19, df=2 (P=0.55), F=0%

Test for overall effect: Z=9.90 (P =< 0.00001)

01 02 05 1 2 5 10
chemotherapy PD-1 plus chemotherz
B ORR
PD-1 plus chemotherapy chemotherapy Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random. 95% CI M-H. Random, 95% CI

2.1.1 tislelizumab plus chemotherapy vs chemother

Lu et al.(6) 128 223 41 111 23.3% 1.55[1.19,2.03] —-=

Wang et al.b(10) 89 19 60 121 38.9% 1.51[1.23,1.86] -

Wang et al.a(10) 87 120 60 121 37.8% 1.46[1.18,1.81) -

Subtotal (95% CI) 462 353 100.0% 1.50 [1.32,1.71] ¢+

Total events 304 161

Heterogeneity: Tau®= 0.00; Chi*= 0.13, df= 2 (P = 0.94); F= 0%

Test for overall effect: Z=6.15 (P < 0.00001)

2.1.2 pembrolizumab plus ch herapy vs ch herapy

Awad etal.(11) 35 60 21 63 241% 1.75[1.16, 2.64] ——

Paz-Ares et al.(4) 174 278 108 281 432% 1.63[1.37,1.94] -
Rodriguez-Abreu et al.(3) 198 410 41 206 32.8% 2.431[1.81,3.29] —

Subtotal (95% CI) 748 550 100.0% 1.89 [1.44, 2.48] <&

Total events 407 170

Heterogeneity: Tau®= 0.04; Chi*= 5.69, df= 2 (P = 0.06); F= 65%

Test for overall effect: Z= 4.56 (P < 0.00001)

005 02 5 20
Test for subaroun differences: Chi*= 2.21. df=1 (P = 0.14). F= 54.8% SRRy TR
FIGURE 3

Forest plot for progression-free survival (A) and objective response rate (B) that compared tislelizumab or pembrolizumab plus chemotherapy with

chemotherapy alone in NSCLC patients.

AEs leading to death (RRyis+chemoschemo 0-87, 95% CI 0.33-2.33; p =
0.795 RRpperm s chemo/chemo 1.26, 95% CI 0.76-2.09; p = 0.36).

We found no significant results in the indirect analysis of AEs >
grade 3 (RR 0.99, 95% CI 0.87-1.12; p = 0.85; Table 2) and AEs
leading to death (RR 0.70, 95% CI 0.23-2.09; p = 0.52; Table 2)
between tislelizumab plus chemotherapy and pembrolizumab plus
chemotherapy.

For tislelizumab, when immunotherapy was added to standard
chemotherapy, an elevated incidence of hypothyroidism (Lu et al, 2021;
Wang et al, 2021) (RR 25.62, 95% CI 5.12-128.31; p < 0.0001),
hyperthyroidism (Lu et al, 2021; Wang et al, 2021) (RR 7.30, 95%
CI 1.36-39.25; p = 0.02), pneumonitis (Lu et al, 2021; Wang et al, 2021)
(RR 13.45, 95% CI 2.46-73.66; p = 0.003) and severe skin reactions (Lu
et al, 2021; Wang et al, 2021) (RR 7.70, 95% CI 1.48-40.08; p = 0.02)
were found, except hepatitis (Lu et al, 2021; Wang et al, 2021) (RR 1.20,
95% CI 0.35-4.12; p = 0.77). The incidence of immune-related AEs for
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pembrolizumab plus chemotherapy showed slightly different results
from tislelizumab.

When pembrolizumab was added to standard chemotherapy, an
elevated incidence of hypothyroidism (Paz-Ares et al, 2020; Awad et al,
2021; Rodriguez-Abreu et al, 2021) (RR 4.75, 95% CI 2.63-8.58; p <
0.00001), hyperthyroidism (Paz-Ares et al, 2020; Awad et al, 2021;
Rodriguez-Abreu et al, 2021) (RR 3.98, 95% CI 1.12-14.12; p = 0.03),
pneumonitis (Paz-Ares et al, 2020; Awad et al, 2021; Rodriguez-Abreu
etal, 2021) (RR 2.83, 95% CI 1.56-5.15; p = 0.0006) and hepatitis (Paz-
Ares et al, 2020; Rodriguez-Abreu et al, 2021) (RR 9.89, 95% CI
1.33-73.54; p = 0.03) were found, but not in severe skin reactions
(Paz-Ares et al, 2020; Awad et al, 2021; Rodriguez-Abreu et al, 2021)
(RR 1.74, 95% CI 0.74-4.09; p = 0.20). With indirect meta-analysis, no
significant difference was found between the two forms of combined
therapies in hypothyroidism (RR 5.39, 95% CI 0.97-30.00; p = 0.054;
Table 2), hyperthyroidism (RR 1.65, 95% CI 0.20-13.90; p = 0.64;
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FIGURE 4
(Continued).

Table 2), pneumonitis (RR 4.76 95% CI 0.78-28.83; p = 0.09; Table 2),
hepatitis (RR 0.12 95% CI 0.01-1.28; p = 0.08; Table 2) and severe skin
reactions (RR 4.43 95% CI 0.69-28.38; p = 0.12; Table 2).

4 Discussion

PD-1 is an inhibitory receptor expressed on T cells, while its
ligand PD-L1 is overexpressed mainly in various types of cancer.
Their binding leads to T-cell exhaustion and reduces the cells’
ability to eliminate neoplastic cells (Wilkins et al, 2021).
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Inhibiting the interaction between PD-1 and its ligands can
enhance the cell-mediated immune response by increasing the
activation of T cells, thereby promoting anti-tumor responses
and cancer cell apoptosis (Guo et al, 2017). Although PD-1/PD-
L1 inhibitors have succeeded in cancer treatment, only a fraction
of PD-L1 positive cases may benefit from PD-1/PD-L1 inhibitors
monotherapy, while other tumors failed to respond well (Patel
and Kurzrock, 2015). Thus, treatment optimization is essential
for improving outcomes.

Several studies have shown that chemotherapeutic drugs can
increase the antigenicity and immunogenicity of cancer cells, block
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(Continued). Forest plot for PFS subgroups analysis of tislelizumab (A) and pembrolizumab (B) plus chemotherapy with chemotherapy alone in

NSCLC patients.
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FIGURE 5
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Forest plot for OS that compared pembrolizumab plus chemotherapy with chemotherapy alone in NSCLC patients.

the immunosuppressive pathways of tumor progression and activate
the tumor immune response (Srivastava, 2002; Guertin and Sabatini,
2005; Obeid et al, 2007; Zhang et al, 2008; Ramakrishnan et al, 2010;
Pol et al, 2015). Therefore, immunotherapy combined with
chemotherapy may benefit a wider range of cancer patients. The
results of our direct meta-analysis also support the idea that
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combination therapy improves clinical outcomes compared to
chemotherapy alone and is independent of PD-L1 expression levels.

To our knowledge, our study is the first indirect comparison to
evaluate the efficacy and safety differences between tislelizumab and
pembrolizumab in first-line treatment for advanced NSCLC. In our
OS between tislelizumab and

indirect comparisons, the
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pembrolizumab was not assessed because the median OS was not
reported in all studies. Although OS is considered the “gold
standard” of effectiveness in oncology drug clinical trials, it may
be complicated by in-trial crossover and effective subsequent
therapies (Gill et al, 2011). As the surrogate endpoints in clinical
trials, PFS and ORR could reduce the impact of these confounders
and facilitate the early introduction of new effective therapeutic
agents into clinical practice (Hamada et al, 2016; Hamada et al,
2018). In indirect comparisons, we found no significant differences
in PFS and ORR between tislelizumab plus chemotherapy and
pembrolizumab plus chemotherapy. In addition, the similar
efficacy of tislelizumab and pembrolizumab did not vary with
PD-LI expression levels, age, liver metastasis, or smoking status
at baseline.

Regarding safety, our study showed that tislelizumab has a
similar safety profile to pembrolizumab. The Grade 3 or higher
AEs occurred more frequently in the combination therapy group
than in the chemotherapy group. The death rate due to AEs was low
in combination and chemotherapy groups. These results suggest
that introducing PD-1 inhibitors has increased treatment toxicity
but is still acceptable. Therefore, adverse events should be closely
monitored during the combination treatment to ensure patient
safety. It is well known that immune-related AEs can be
triggered by PD-1 inhibitors, mainly due to excessive immune
activation from PD-1 inhibitors (Baxi et al, 2018). Subgroup
analysis showed that both tislelizumab and pembrolizumab were
associated with an increased risk of developing immune-related AEs;
no differences were seen in hypothyroidism, hyperthyroidism,
pneumonitis, hepatitis, and severe skin reactions. These results
also illustrated that the safety profiles of these two drugs were
similar.

Tislelizumab is a humanized IgG4 anti-PD-1 monoclonal
antibody specifically engineered to eliminate FcyR binding on
thereby
mediated phagocytosis (ADCP), ultimately avoiding depletion of

macrophages, abrogating antibody-dependent cell-
T-cells and enhancing its anti-tumor activity (Chen et al, 2019). In
addition, recent studies have shown that the binding surface of
tislelizumab on PD-1 overlaps largely with that of the PD-L1, and
the dissociation rate of tislelizumab from PD-1 is extremely low
(Hong et al, 2021). These results indicate that tislelizumab has a
higher targeting affinity and efficacy. Our analysis showed that
tislelizumab and pembrolizumab were similar in effectiveness and
safety, but the treatment cost of tislelizumab was much cheaper in
China. The cost of treatment for a single cycle of pembrolizumab is
35,836 RMB in China (4734 EUR), whereas only 2,900 RMB
(383 EUR) is needed for tislelizumab. Thus, for the first-line
treatment of NSCLC, tislelizumab might be a better choice. Of
course, this conclusion will require further validation in large-scale,
head-to-head randomized clinical trials.

However, there are some limitations to our study. First, our
conclusions rely on indirect comparison rather than head-to-head
studies. Network meta-analysis is often used to indirectly compare
different treatments, especially when survival outcomes and counts
are involved. But considering the simple network in our study, the
results of network analysis and the Bucher method are likely similar.
Second, we lacked data on OS with tislelizumab, which requires
further research. Future analysis may apply the Shiny method
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instead of common network meta-analysis if follow-up duration
is available to pool the results considering the time length. Third, the
duration of follow-up of tislelizumab studies was shorter, which may
have had some influence on the safety and survival outcomes.
Fourth, we only have six studies in analysis, and their grouping
method varies, so we could not conduct a subgroup analysis
according to the histologic type of lung cancer. Fifth, trials of
tislelizumab were conducted on specific ethnic groups, and it is
well-recognized that ethnicity will significantly impact clinical
outcomes. Finally, the risk of publication bias by funnel plot
could not be assessed because less than ten trials were included
in the analysis. Thus, the interpretation of the study results needs
more caution.

In conclusion, the efficacy and safety of tislelizumab
combination chemotherapy were not substantially different from
pembrolizumab combination chemotherapy. Tislelizumab may be a
good choice for the first-line treatment of NSCLC in clinical practice.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

Author contributions

ZH, JY, YG, and ]JJ contributed to the study conception and
design. Literature search and data analysis were conducted by YG
and JJ. The first draft of the manuscript was written by YG and
J]. ZH and JY critically revised and reviewed this paper. All
authors contributed to the article and approved the submitted
version.

Funding

The study was supported by a grant from the “Fund of Brthune
Seeking for Scientific Research Capacity Construction in Pharmacy
(2022) Z04JKM2021005.”

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1172969

Guo et al.

References

Awad, M. M., Gadgeel, S. M., Borghaei, H., Patnaik, A., Yang, J. C., Powell, S. F., et al.
(2021). Long-term overall survival from KEYNOTE-021 cohort G: Pemetrexed and
carboplatin with or without pembrolizumab as first-line therapy for advanced non-
squamous NSCLC. J. Thorac. Oncol. 16 (1), 162-168. doi:10.1016/j.jtho.2020.09.015

Baxi, S., Yang, A., Gennarelli, R. L., Khan, N., Wang, Z., Boyce, L., et al. (2018).
Immune-related adverse events for anti-PD-1 and anti-PD-L1 drugs: Systematic review
and meta-analysis. BMJ 360, k793. doi:10.1136/bmj.k793

Bucher, H. C,, Guyatt, G. H,, Griffith, L. E., and Walter, S. D. (1997). The results of
direct and indirect treatment comparisons in meta-analysis of randomized controlled
trials. J. Clin. Epidemiol. 50 (6), 683-691. doi:10.1016/s0895-4356(97)00049-8

Chen, X, Song, X,, Li, K., and Zhang, T. (2019). FcyR-Binding is an important
functional attribute for immune checkpoint antibodies in cancer immunotherapy.
Front. Immunol. 10, 292. doi:10.3389/fimmu.2019.00292

Cheng, Y., Zhang, L., Hu, J., Wang, D., Hu, C,, Zhou, J., et al. (2021). Pembrolizumab
plus chemotherapy for Chinese patients with metastatic squamous NSCLC in
KEYNOTE-407. JTO Clin. Res. Rep. 2 (10), 100225. doi:10.1016/j.jtocrr.2021.100225

Gill, S., Berry, S., Biagi, J., Butts, C., Buyse, M., Chen, E., et al. (2011). Progression-free
survival as a primary endpoint in clinical trials of metastatic colorectal cancer. Curr.
Oncol. 18, S5-S10. suppl 2. doi:10.3747/co.v18is2.941

Guertin, D. A., and Sabatini, D. M. (2005). An expanding role for mTOR in cancer.
Trends Mol. Med. 11 (8), 353-361. doi:10.1016/j.molmed.2005.06.007

Guo, L., Zhang, H., and Chen, B. (2017). Nivolumab as programmed death-1 (PD-1)
inhibitor for targeted immunotherapy in tumor. J. Cancer 8 (3), 410-416. doi:10.7150/jca.
17144

Hamada, T., Kosumi, K., Nakai, Y., and Koike, K. (2018). Surrogate study endpoints in the
era of cancer immunotherapy. Ann. Transl. Med. 6, S27. Suppl 1. doi:10.21037/atm.2018.09.31

Hamada, T., Nakai, Y., Isayama, H., Yasunaga, H., Matsui, H., Takahara, N,, et al.
(2016). Progression-free survival as a surrogate for overall survival in first-line
chemotherapy for advanced pancreatic cancer. Eur. J. Cancer 65, 11-20. doi:10.
1016/j.ejca.2016.05.016

Han, Y., Liu, D,, and Li, L. (2020). PD-1/PD-L1 pathway: Current researches in
cancer. Am. J. Cancer Res. 10 (3), 727-742.

Hong, Y., Feng, Y., Sun, H., Zhang, B., Wu, H., Zhu, Q,, et al. (2021). Tislelizumab

uniquely binds to the CC’ loop of PD-1 with slow-dissociated rate and complete PD-L1
blockage. FEBS Open Bio 11 (3), 782-792. doi:10.1002/2211-5463.13102

Lee, A., and Keam, S. J. (2020). Tislelizumab: First approval. Drugs 80, 617-624.
doi:10.1007/540265-020-01286-z

Lu, S, Wang, J, Yu, Y, Yu, X, Hu, Y., Ai, X, et al. (2021). Tislelizumab plus
chemotherapy as first-line treatment for locally advanced or metastatic non-squamous
NSCLC (RATIONALE 304): A randomized phase 3 trial. J. Thorac. Oncol. 16 (9),
1512-1522. doi:10.1016/j.jtho.2021.05.005

Obeid, M., Tesniere, A., Ghiringhelli, F., Fimia, G. M., Apetoh, L., Perfettini, J. L., et al.
(2007). Calreticulin exposure dictates the immunogenicity of cancer cell death. Nat.
Med. 13 (1), 54-61. doi:10.1038/nm1523

Frontiers in Pharmacology

10

10.3389/fphar.2023.1172969

Patel, S. P., and Kurzrock, R. (2015). PD-L1I expression as a predictive biomarker in
cancer immunotherapy. Mol. Cancer Ther. 14 (4), 847-856. doi:10.1158/1535-7163.
MCT-14-0983

Paz-Ares, L., Vicente, D., Tafreshi, A., Robinson, A., Soto Parra, H., Maziéres, J., et al.
(2020). A randomized, placebo-controlled trial of pembrolizumab plus chemotherapy
in patients with metastatic squamous nsclc: Protocol-specified final analysis of keynote-
407. J. Thorac. Oncol. official Publ. Int. Assoc. Study Lung Cancer 15 (10), 1657-1669.
doi:10.1016/j.jtho.2020.06.015

Pol, J., Vacchelli, E., Aranda, F., Castoldi, F., Eggermont, A., Cremer, I, et al. (2015).
Trial Watch: Immunogenic cell death inducers for anticancer chemotherapy.
Oncoimmunology 4 (4), e1008866. doi:10.1080/2162402X.2015.1008866

Postmus, P. E., Kerr, K. M., Oudkerk, M., Senan, S., Waller, D. A., Vansteenkiste, J.,
et al. (2017). Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO
clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 28,
ivl-iv21. suppl_4. doi:10.1093/annonc/mdx222

Ramakrishnan, R., Assudani, D., Nagaraj, S., Hunter, T., Cho, H. I, Antonia, S., et al.
(2010). Chemotherapy enhances tumor cell susceptibility to CTL-mediated killing
during cancer immunotherapy in mice. J. Clin. Invest. 120 (4), 1111-1124. doi:10.
1172/JCI40269

Rodriguez-Abreu, D., Powell, S. F., Hochmair, M. J., Gadgeel, S., Esteban, E., Felip, E.,
etal. (2021). Pemetrexed plus platinum with or without pembrolizumab in patients with
previously untreated metastatic non-squamous NSCLC: Protocol-specified final
analysis from KEYNOTE-189. Ann. Oncol. 32 (7), 881-895. doi:10.1016/j.annonc.
2021.04.008

Srivastava, P. (2002). Roles of heat-shock proteins in innate and adaptive immunity.
Nat. Rev. Immunol. 2 (3), 185-194. doi:10.1038/nri749

Wang, J., Lu, S, Yu, X, Hu, Y., Sun, Y., Wang, Z,, et al. (2021). Tislelizumab plus
chemotherapy vs chemotherapy alone as first-line treatment for advanced squamous
non-small-cell lung cancer: A phase 3 randomized clinical trial. JAMA Oncol. 7 (6),
709-717. doi:10.1001/jamaoncol.2021.0366

Wilkins, M. C., Elgamal, M., and Rybkin, IT (2021). Pembrolizumab-Induced vitiligo
in esophageal squamous cell carcinoma patient with durable complete response. Cureus
13 (11), €19739. doi:10.7759/cureus.19739

Zhang, L., Dermawan, K,, Jin, M., Liu, R, Zheng, H., Xu, L., et al. (2008).
Differential impairment of regulatory T cells rather than effector T cells by
paclitaxel-based chemotherapy. Clin. Immunol. 129 (2), 219-229. doi:10.1016/j.
clim.2008.07.013

Zhou, C., Huang, D., Fan, Y., Yu, X,, Liu, Y., Shu, Y., et al. (2023). Tislelizumab versus
docetaxel in patients with previously treated advanced NSCLC (RATIONALE-303): A
phase 3, open-label, randomized controlled trial. J. Thorac. Oncol. 18 (1), 93-105.
doi:10.1016/j.jtho.2022.09.217

Zhou, D., Luo, X, Zhou, Z., Zeng, X., Wan, X,, Tan, C,, et al. (2022). Cost-effectiveness
analysis of tislelizumab, nivolumab and docetaxel as second- and third-line for
advanced or metastatic non-small cell lung cancer in China. Front. Pharmacol. 13,
880280. doi:10.3389/fphar.2022.880280

frontiersin.org


https://doi.org/10.1016/j.jtho.2020.09.015
https://doi.org/10.1136/bmj.k793
https://doi.org/10.1016/s0895-4356(97)00049-8
https://doi.org/10.3389/fimmu.2019.00292
https://doi.org/10.1016/j.jtocrr.2021.100225
https://doi.org/10.3747/co.v18is2.941
https://doi.org/10.1016/j.molmed.2005.06.007
https://doi.org/10.7150/jca.17144
https://doi.org/10.7150/jca.17144
https://doi.org/10.21037/atm.2018.09.31
https://doi.org/10.1016/j.ejca.2016.05.016
https://doi.org/10.1016/j.ejca.2016.05.016
https://doi.org/10.1002/2211-5463.13102
https://doi.org/10.1007/s40265-020-01286-z
https://doi.org/10.1016/j.jtho.2021.05.005
https://doi.org/10.1038/nm1523
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1158/1535-7163.MCT-14-0983
https://doi.org/10.1016/j.jtho.2020.06.015
https://doi.org/10.1080/2162402X.2015.1008866
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.1172/JCI40269
https://doi.org/10.1172/JCI40269
https://doi.org/10.1016/j.annonc.2021.04.008
https://doi.org/10.1016/j.annonc.2021.04.008
https://doi.org/10.1038/nri749
https://doi.org/10.1001/jamaoncol.2021.0366
https://doi.org/10.7759/cureus.19739
https://doi.org/10.1016/j.clim.2008.07.013
https://doi.org/10.1016/j.clim.2008.07.013
https://doi.org/10.1016/j.jtho.2022.09.217
https://doi.org/10.3389/fphar.2022.880280
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1172969

	Tislelizumab plus chemotherapy versus pembrolizumab plus chemotherapy for the first-line treatment of advanced non-small ce ...
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Selection criteria
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of included clinical trials
	3.2 Direct meta-analysis and indirect meta-analysis
	3.2.1 Progression-free survival
	3.2.2 Progression-free survival subgroup analysis
	3.2.3 Objective response rate
	3.2.4 Overall survival
	3.2.5 Safety


	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


