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Background: Pembrolizumab (PEM) and tislelizumab (TIS), in combination with chemotherapy, have 
demonstrated significant clinical benefits in first-line treatment of advanced non-small cell lung cancer 
(NSCLC). However, no head-to-head clinical trial has yet compared these two treatments.
Methods: We conducted a literature search of randomized trials, in which TIS plus chemotherapy or 
PEM plus chemotherapy were studied for the first-line treatment of NSCLC. Randomized design and the 
endpoint of progression-free survival (PFS) were the inclusion criteria for our analysis. Adjusted indirect 
comparison between TIS and PEM was performed by application of the IPDfromKM-Shiny method. This 
method is based on the reconstruction of individual patient data from Kaplan-Meier curves. Outcomes in 
terms of PFS were expressed as hazard ratio (HR) with 95% and 90% confidence interval (CI).
Results: Data were extracted from five randomized trials involving nearly 2,000 participants. In comparing PEM 
plus chemotherapy (n=748) or TIS plus chemotherapy (n=462) vs. chemotherapy alone (n=782), the Shiny method 
found a significant advantage in terms of PFS (HR =0.5856, 95% CI: 0.4986–0.6876 for TIS; HR =0.5573, 95% 
CI: 0.4969–0.6251 for PEM), thus confirming the results of the original trials. The indirect comparison of PEM 
plus chemotherapy vs. TIS plus chemotherapy showed a substantial equivalence between these two regimens  
(HR =0.952; 95% CI: 0.775–1.168; 90% CI: 0.801–1.130) suggesting an acceptable degree of equivalence 
according to regulatory criteria. Medians were 8.89 months for PEM combination, 7.97 months for TIS 
combination, and 5.69 for the controls. 
Conclusions: The PFS of TIS combined with chemotherapy was similar to that of PEM combined with 
chemotherapy. Based on the HR with 90% CI, these two agents met an equivalence criterion for PEM vs. 
TIS ranging from −19.9% to +13.0%. 
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Introduction

Pembrolizumab (PEM) plus platinum-based chemotherapy 
is currently the standard of care (SOC) in previously 
untreated advanced non-small cell lung cancer (NSCLC); 
this combination is effective in both squamous and non-
squamous forms of the tumor (1-3). Quite recently, 
tislelizumab (TIS), a humanized immunoglobulin G4 
(IgG4)-variant monoclonal antibody blocking programmed 
cell death protein 1 (PD-1) has been approved by China’s 
National Medical Products Administration (NMPA) 
for the first-line treatment of advanced NSCLC (2). In 
combination with chemotherapy, this drug significantly 
prolongs progression-free survival (PFS) compared with 
chemotherapy alone in patients with locally advanced or 
metastatic non-squamous NSCLC (4-8). No head-to-head 
clinical trial has directly compared these two agents in the 
first-line treatment of patients with advanced NSCLC. 
Under these circumstances, while network meta-analysis is 
the typical statistical tool to carry out indirect comparisons, 
the IPDfromKM-Shiny method (9,10) has been proposed 
as a new approach to compare two or more agents that 
have not been directly compared through a head-to-head 
controlled trial.

In the present analysis, we applied the IPDfromKM-
Shiny method (9,10) to indirectly compare TIS plus 
chemotherapy vs. PEM plus chemotherapy in previously 

untreated advanced NSCLC; PFS was the endpoint. 
We present this article in accordance with the PRISMA 
reporting checklist (available at https://cco.amegroups.com/
article/view/10.21037/cco-23-26/rc).

Methods

Study design

After a standard literature search, we identified all 
randomized trials that compared TIS plus chemotherapy 
vs. chemotherapy alone or PEM plus chemotherapy vs. 
chemotherapy alone in previously untreated advanced 
NSCLC. The Shiny method (9,10) was used to reconstruct 
individual patient data from each trial. PFS was the 
endpoint of our analysis. In particular, we compared the 
pattern of PFS over time between these two combination 
regimens by reconstructing individual patient data 
according to the Shiny method. Their respective Kaplan-
Meier curves were then analyzed through standard survival 
statistics. In studying these curves of PFS, the equivalence 
between these two agents was also investigated by 
application of the likelihood ratio test and by determining 
the hazard ratio (HR) along with 95% and 90% confidence 
intervals (CIs).

Search strategy

A systematic search was conducted through PubMed, 
Embase, Web of Science and Cochrane Library databases 
(from inception to 31 December 2022) to select randomized 
controlled trials that compared TIS plus chemotherapy 
or PEM plus chemotherapy vs. chemotherapy for first-
line treatment of advanced NSCLC. Keywords included 
“NSCLC”, “non-small cell lung cancer”, “tislelizumab” and 
“pembrolizumab”. Studies were restricted to “randomized 
controlled trial” or “clinical trial”.

Selection criteria

The inclusion criteria of these clinical studies were as 
follows: (I) randomized phase 2 or 3 clinical trial; (II) all 
patients diagnosed with advanced (stage IIIB) or metastatic 
(stage IV) NSCLC; (III) studies designed to compare PFS 
between TIS or PEM plus chemotherapy vs. chemotherapy 
alone; (IV) first-line treatment setting; (IV) PFS presented 
through a Kaplan-Meier curve. Exclusion criteria were: 
(I) not a randomized study (e.g., retrospective study, case 
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in first-line treatment of advanced non-small cell lung cancer; our 
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report, review, systematic review, meta-analysis, etc.); 
(II) studies employing other therapies in first-line other 
than chemotherapy or immunotherapy; (III) insufficient 
data (e.g., no publication of the PFS Kaplan-Meier curve); 
(IV) duplicate publication.

Data extraction

The graphic files of the Kaplan-Meier curve for the 
treatment arm and the control arm were extracted from 
each trial. Two investigators independently examined each 
article and extracted the total number of patients and the 
total number of events for the treatment group and the 
controls. When the total number of events for each arm 
was not explicitly reported, the study was excluded from 
the analysis; however, in cases where the total number of 
events was reported (i.e., the sum of the events observed 
in both arms without the detail of the events in each 
arm), the events per arm were estimated from the total 
number in both arms and the HR. Finally, according 
to the IPDfromKM procedure, firstly each curve was 
digitized using the Webplotdigitizer software and then the 
digitized curve was converted into a file of reconstructed 
patients using the online version of the Shiny software; this 
conversion required to input the total number of patients 
and the total number of events for each arm. As a final 
result, the patient reconstruction procedure generated two 
Excel files per trial (one for the treatment group, the other 
for the control group), in which the information for each 
patient included their status (i.e., with event/without event) 
and the time of the last observation (i.e., months elapsed 
from randomization).

Statistical analysis

Conventional survival statistical analyses were performed 
to estimate the HR (with 95% and 90% CI) for each of the 
following three comparisons: PEM plus chemotherapy vs. 
chemotherapy; TIS plus chemotherapy vs. chemotherapy, 
and TIS plus chemotherapy vs. PEM plus chemotherapy. 
These statistical analyses were carried out under the 
R-platform; various R-packages were run, including those 
that generate the Kaplan-Meier graph from individual 
patient data. Regarding the equivalence testing between 
PEM and TIS, the interval of equivalence was estimated 
using 90% boundaries as suggested by the literature on 
this topic (11). Finally, as recommended by the Shiny 
procedure, the Kaplan-Meier curves of the control groups 

were assessed in a separate analysis to determine the degree 
of heterogeneity in this clinical material. For this purpose, 
the likelihood ratio test was applied. Despite its simple 
design, this comparison across all control groups included 
in the analysis is known to provide valuable information for 
the heterogeneity assessment (10,12).

Results

Characteristics of included clinical trials

We identified more than 1,500 records from our initial 
search including the online databases mentioned above. 
After application of our inclusion criteria and exclusion of 
duplicate entries, 62 studies were initially selected. The 
full text of these 62 studies was read. Finally, 5 studies 
were included in our analysis (Figure 1). Regarding these 
5 studies, information on study characteristics, including 
first author name, histology, and enrolled patients in both 
intervention and control arms, is summarized in Table 1. 
The assessment of the risk of bias for these 5 studies was 
performed by at least two authors using Cochrane risk 
of bias tool (13). The results are presented in Figures 2,3; 
disagreements among investigators were resolved through 
the involvement of a third researcher.

Analysis of PFS

In a preliminary analysis, numerous questions arose in 
managing these five trials according to the methodology of 
the Shiny method. Regarding the three patient cohorts who 
were treated with TIS [studies by Lu et al. (4) and by Wang 
et al. (5), the latter including two different treatments; 
namely TIS plus CT and TIS plus nab-CT; see Table 1], 
one question was focused on the degree of homogeneity 
across the three patient groups who were given these TIS-
containing regimens. Therefore, a separate Shiny analysis 
was conducted on the above patients to assess whether these 
three patient groups treated with TIS could be pooled into 
a single group. The results of this separate analysis (see 
Appendix 1 and Figure 4 for details) suggest that pooling 
these three groups into a single group is acceptable; hence, 
the pooled group has been denoted as TIS group. Likewise, 
the same question applies to the three patient groups who 
were treated with PEM [studies by Awad et al. (6), Paz-Ares  
et al. (7), and Rodríguez-Abreu et al. (8), see Table 1]. 
Another separate Shiny analysis was therefore carried out 
to establish whether these three patient groups could be 

https://cdn.amegroups.cn/static/public/CCO-23-26-Supplementary.pdf
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pooled into a single group; also in this case, the results 
(see Appendix 2 and Figure 5 for details) suggest that 
pooling these 3 groups into a single group (“PEM group”) 
is acceptable, even though more caution is needed in this 

case. In fact, while the PFS pattern observed in the trial by 
Awad et al. (6) was significantly better than that observed 
in the trials by Paz-Ares et al. (7) and Rodriguez-Abreu 
et al. (8) (Figure 5), the small size of the trial by Awad  

Identification of studies via databases 

Records identified from databases  

(n=1,660)

Records screened 

(n=1,440)

Reports sought for retrieval (n=62)

Reports assessed for eligibility (n=62)

Studies included in review  

(n=5)

Reports excluded (n=57)

Reports not retrieved (n=0)

Records excluded (n=1,378)

• Not a randomized study (n=1,360)

• Other first line therapies (n=15) 

• Insufficient data (n=3)

Records removed before screening:

• Duplicate records removed (n=220)
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Figure 1 Flow chart of literature retrieval and selection according to PRISMA 2020 Guidelines. PRISMA, Preferred Reporting Items for 
Systematic reviews and Meta-Analyses. 

Table 1 Characteristics of the 5 trials included in the Shiny analysis

First author Histology
Treatment arm Control arm

Treatment Events Treatment Events

Wang (5) Squamous TIS + CT 52/119 CT 80/121

TIS + nab-CT 57/120

Lu (4) Nonsquamous TIS + PP 90/223 PP 68/111

Awad (6) Nonsquamous PEM + PC 36/60 PC 49/63

Rodríguez-Abreu (8) Nonsquamous PEM + PP 336/410 PP 196/206

Paz-Ares (7) Squamous PEM + nab-CT 206/278 nab-CT 250/281

All trials were phase-III. TIS, tislelizumab; CT, carboplatin and paclitaxel; nab-CT, carboblatin and paclitaxel nanoparticle albumin-bound; 
PP, pemetrexed and platinum; PEM, pembrolizumab; PC, pemetrexed and carboplatin. 

https://cdn.amegroups.cn/static/public/CCO-23-26-Supplementary.pdf
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Figure 2 Risk of bias graph of the five included studies.

Figure 3 Risk of bias summary. Green, low risk of bias; red, high risk of bias. 
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et al. (6) should be kept in mind as a potential confounding 

factor. More importantly, this choice of pooling these three 

groups into a single group seems to be fully justified by 

our finding that the controls of the trial by Awad et al. (6)  

had a significantly better prognosis than that of the other 

5 patient groups. Hence, the better outcomes found for 

Awad’s trial compared with the trials by Paz-Ares (7) 

and Rodríguez-Abreu (8) likely do not depend on the 
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better efficacy of the PEM + pemetrexed and carboplatin 
(PC) treatment, but on the characteristics of the patients 
enrolled in Awad’s trial.

A total of 11 patient cohorts were included in our 
Shiny analysis (i.e., two cohorts per trial plus the third 
cohort of Wang’s trial). Figure 6 shows the typical multi-
treatment graph which was generated by our Shiny 
analysis. In comparing PEM plus chemotherapy (n=748) 
or TIS plus chemotherapy (n=462) vs. chemotherapy alone 
(n=782), the combination treatments showed—in both 
cases—a significant advantage in terms of PFS compared 
with chemotherapy alone. The HR was 0.5856 (95% CI: 
0.4986–0.6876) for TIS plus chemotherapy and 0.5573 
(95% CI: 0.4969–0.6251) for PEM plus chemotherapy. 
As expected, these findings confirmed the results of 
the original trials. Medians were 8.89 months for PEM 
combination, 7.97 months for TIS combination, and  
5.69 months for the controls. The most interesting result 
of our analysis is represented by the indirect comparison of 

PEM plus chemotherapy vs. TIS plus chemotherapy. This 
comparison showed a substantial equivalence between 
these two agents (HR =0.952; 95% CI: 0.775–1.168). 
According to regulatory recommendations (11), if the CI is 
expressed based on the 90% boundaries of HR, the degree 
of equivalence is expressed by the HR of 0.952 (90% CI: 
0.801–1.130). This implies that, in the comparison of 
PEM vs. TIS, the boundaries of HR range from −19.9% 
to +13.0%; this result reasonably supports the conclusion 
that, in terms of efficacy, these two treatments are 
equivalent.

Assessment of heterogeneity across the 5 control groups

The Kaplan-Meier curves of reconstructed patients for the 
5 control groups are shown in Figure 7. In this analysis, the 
likelihood ratio test was 31.43 [4 degrees of freedom (df), 
P<0.001], while concordance was 0.531 [standard error 
(se) =0.013]. Clearly, the heterogeneity in these datasets 

Figure 4 Kaplan-Meier curves of reconstructed patients for the three treatments based on TIS (data from three patient cohorts). The  
three patient groups can be identified as follows: trial by Lu et al., n=223 (4); trial by Wang et al. (arm treated with CT), n=119 (5); trial by 
Wang et al. (arm treated with nab-CT), n=120 (5). See Table 1 and Appendix 1 for further details. Endpoint: progression-free survival. CT, 
carboplatin and paclitaxel; nab-CT, carboblatin and paclitaxel nanoparticle albumin-bound; TIS, tislelizumab.
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Figure 5 Kaplan-Meier curves of reconstructed patients for the three treatments based on PEM (data from three patient cohorts). The three 
patient groups can be identified as follows: trial by Awad et al., n=60 (6); trial by Paz-Ares et al., n=278 (7); trial by Rodríguez-Abreu et al., 
n=410 (8). See Table 1 and Appendix 2 for further details. Endpoint: progression-free survival. PEM, pembrolizumab. 

depends on the more favorable outcomes observed for the 
control group of the trial by Awad et al. compared with the 
other 4 control groups. Medians of PFS were as follows: 
Lu et al. trial (n=111), 7.50 months (95% CI: 5.61–7.96); 
Wang et al. trial (n=121), 5.69 months (95% CI: 4.33–5.69); 
Awad et al. trial (n=63), 10.20 months (95% CI: 6.49–17.91); 
Paz-Ares et al. trial (n=281), 5.20 months (95% CI: 4.49–
6.00); Rodríguez-Abreu et al. (n=206), 5.08 months (95% 
CI: 4.71–5.70).

If one assumes the trial by Lu et al. as a reference, the 
values of HR regarding the comparisons between each of 
the other five control groups vs. the control group of Lu  
et al. are the following:
 Wang et al. (5) vs. Lu et al. (4): HR =1.3463 (95% 

CI: 0.9735–1.8620);
 Awad et al. (6) vs. Lu et al. (4): HR =0.5956 (95% 

CI: 0.4049–0.8762);
 Paz-Ares et al. (7) vs. Lu et al. (4): HR =1.2570 (95% 

CI: 0.9593–1.6472);

 Rodríguez-Abreu et al.  (8) vs.  Lu et al.  (4):  
HR =1.3071 (95% CI: 0.9900–1.7258).

It is difficult to explain why the patients enrolled in the 
trial by Awad et al. (6) had a more favorable prognosis. 
Probably, as the authors speculated, these better results 
in terms of PFS might be due to an increased variability 
associated with the smaller patient population as well as 
the possible inclusion of patients with better prognosis in 
KEYNOTE-021.

Discussion

To our knowledge, in the area of first-line treatments for 
advanced NSCLC this is the first indirect comparison 
in which the Shiny method has been used to assess 
the efficacy of TIS combined with chemotherapy in 
comparison with PEM combined with chemotherapy. The 
main result of our analysis is that TIS and PEM, given 
for this clinical indication, prove to be similar in terms 
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of efficacy. This finding of a substantial equivalence has 
a remarkable clinical relevance, but has also important 
budget implications because, at least in China, the cost of 
TIS is much cheaper than that of PEM. According to Luo 
et al. (14) and Liang et al. (15), the acquisition cost for TIS 
in China is 88% lower than that of PEM; furthermore, one 
should also keep in mind that, in 2023, TIS is expected to 
enter the European market (16).

Our analysis has several limitations. Firstly, since the 
Shiny method typically deals with efficacy, the comparison 
between TIS and PEM will need to be integrated by 
further analyses comparing the safety of TIS vs. PEM; quite 
interestingly, no relevant differences have however been 
reported in the literature published thus far.

Among the strengths of the present study, it should be 
stressed that this analysis represents a new, and original 
application of the Shiny method that has, at the same time, 
both clinical and economic implications. It is well known 
that the most typical applications of the Shiny method 

include the indirect comparisons across treatments aimed 
at the same disease condition (10). Moreover, the one-to-
many analysis (17) is another and more specific application 
in which, after a new treatment has become available, its 
place in therapy is evaluated through the typical multi-
treatment Shiny graph by contrasting the new treatment 
against those developed previously. In the present study, 
since a single, well-recognized SOC could be identified 
(i.e., PEM combined with chemotherapy), our analysis had 
a quite new design (“one-to-SOC” design), that compared 
TIS combined with chemotherapy with a single SOC 
represented by PEM combined with chemotherapy. In this 
framework, the equivalence that we found between TIS 
and PEM is an original piece of information that facilitates 
the interpretation of the current state of the art in this 
field. Finally, regarding the Shiny method, while most of its 
initial applications were in the area of oncology (10), more 
recently numerous applications have been focused also on 
cardiology (18-21).

Figure 6 Main analysis: the figure shows the typical multi-treatment graph generated by the Shiny analysis. Endpoint: progression-free 
survival. TIS, tislelizumab; PEM, pembrolizumab. 
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Conclusions

The main message from this article is that TIS and PEM 
have an equivalent efficacy in the first-line treatment 
of advanced NSCLC. This finding is another piece of 
knowledge generated by the Shiny method in the field 
of indirect comparisons based on hypothetical patients 
reconstructed from Kaplan-Meier curves. This thread of 
research has a growing impact in oncology, but covers all 
areas of medicine where the endpoints have the form of a 
time-to-event analysis.
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Figure 7 Kaplan-Meier curves of reconstructed patients for the five control groups. The five control groups can be identified as follows: 
trial by Lu et al., n=111 (4); trial by Wang et al., n=121 (5); trial by Awad et al., n=63 (6); trial by Paz-Ares et al., n=281 (7); trial by Rodríguez-
Abreu et al., n=206 (8). Endpoint: progression-free survival.
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