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Background: Non-small cell lung cancer (NSCLC) accounts for the majority of lung cancer but with a 
low early diagnosis rate. With immunotherapy becomes popular in lung cancer, single immunotherapy drug 
treatment as the first-line or second-line plays an important role. The meta-analysis compares different 
clinical effects of them by overall survival (OS) and progression-free survival (PFS) because it is important to 
detect the best time of immunotherapy for NSCLC patients.
Methods: Randomized controlled trials (RCTs) were selected by using the Cochrane Library, Embase, 
PubMed and Web of science. Pool the hazard ratio (HR) and use the PFS, OS as outcomes.
Results: Ten RCTs were included. The pooled results indicated that first-line and second-line single 
immunotherapy drug treatment seems to have a tiny difference in PFS, with HR 0.79, 95% confidence 
interval (CI): 0.51–1.21, I2=89% in first-line single immunotherapy drug treatment and HR 0.74, 95% 
CI: 0.62–0.89, I2=84% in second-line single immunotherapy drug treatment. When it comes to OS, 
first-line immunotherapy drug treatment still has better effects than the second-line. In first-line single 
immunotherapy drug treatment, HR 0.78, 95% CI: 0.55–1.11, I2=83%, but in second-line, HR 0.70, 95% 
CI: 0.64–0.76, I2=53%.
Conclusions: First-line single drug immunotherapy had the tendency better than single immunotherapy 
drugs used in second-line treatment.
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Introduction

As a malignancy with the highest death rate (1), lung cancer 
has two major histological types called small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC) (2).  
Among them, NSCLC accounts for the majority (3). 
Different from the high prevalence rate of NSCLC, the 
early diagnosis rate is fairly low (4). In particular, more than 
two-thirds of cases can only be diagnosed at an advanced 
stage in clinical (2,5). In this case, traditional treatment like 
surgery and chemotherapy cannot get a good result (6).  
Thus, we try to seek new ways to solve this problem. With 
the deepening understanding of the immunotherapy, it 
is therefore applied to tumor therapy and change the 
treatment ideas, NSCLC included (2,7-9).

At present, first-line immunotherapy in NSCLC 
is mainly focused on combination immunotherapy, 
for example, the combination of immunotherapy and 
targeted agents and so on (10-15). Meanwhile, the single 
immunotherapy drug treatment also shows its powerful 
role. The study is mainly focused on the efficacy of anti-
programmed death receptor-1 (PD-L1) monoclonal 
antibodies, such as nivolumab, pembrolizumab and 
atezolizumab in NSCLC patients (16-19).

Single immunotherapy drug treatment was proved to be 
essential in second-line immunotherapy as well, including 
pembrolizumab, nivolumab, atezolizumab, and durvalumab 
(20-25). Different from first-line immunotherapy, second-
line immunotherapy mostly just use a single drug instead of 
combination therapy (23,26-28).

Because there is still no paper referred to the comparison 
between the clinical effect of first-line and second-line 
immunotherapy drug treatment of NSCLC, our meta-
analysis will overcome this deficiency. In this article, we 
use overall survival (OS) and progression-free survival 
(PFS) to compare the clinical effect of these two kinds of 
immunotherapy drugs.

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-449).

Methods

Literature search

A comprehensive and systematic literature search was 
carried out in the Cochrane Library (https://www.
thecochranelibrary.com.), Embase (“https://www.embase.
com.), PubMed (http://www.ncbi.nlm.nih.gov/pubmed.) 

and Web of Science (http://isiknowledge.com.) (up to 
November 2019) to find the relevant literature. Keywords 
such as non-small cell lung cancer, immunotherapy, first-
line treatment, second-line treatment and so on were used 
and there was no time or region limit.

Article selection and extraction

Initially, after reading the title, articles differing from the 
standard were eliminated. Soon afterward, the full text should 
be scanned and evaluation was made if the previous step could 
not determine whether it is suitable for inclusion, thus the 
unrelated one was removed. In the process of screening, two 
investigators participated and when any difference happens, 
the negotiation was carried out to ensure consistency.

The inclusion criteria of this study were shown as follows: 
at first, we choose literature related to the randomized 
controlled trial (RCT), then those which include OS and 
PFS were left to evaluate the effect and safety of the first-
line and second-line immunotherapy drugs in NSCLC.

Meanwhile, studies were excluded if they were review 
articles, conference abstracts, quality of the life studies, 
commentaries, editorials, cost-effectiveness analyses because 
of their low evidence level. Besides, when there were 
multiple articles about the same study, the latest and most 
comprehensive one should be selected by discussion and 
negotiation. Besides, as we just try to seek the difference 
in OS and PFS by using the first-line and second-line 
immunotherapy drugs, combination therapy would be  
left out.

Quality evaluation

According to a simple evaluation method in Cochrane 
Handbook (version 6.0) (https://training.cochrane.org/
handbook.), the data assessment consists of five aspects: 
randomize, allocation concealment, blinding, incomplete 
outcome data, no selective outcome reporting and other 
sources of bias. We will evaluate articles from the above-
mentioned aspects to ensure quality.

Data extraction

We extracted OS and PFS from appropriative randomized 
controlled trails. Relevant data contain study name, trail 
design, experimental drug, treatment line, phase, the 
number of total patients and those using experimental 
drugs, primary endpoints, secondary endpoints, study 
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period, national clinical trial (NCT) number, published year 
and first author.

Statistical analysis

We analyzed the data by using meta-analysis software 
RevMan 5.3 (https://community.cochrane.org/help/tools-
and-software/revman-5). With PFS and OS viewed as time-
to-event outcomes, HR was used to evaluate them and 
we can easily find HR and both the upper and lower limit 
of 95% confidence interval (CI) from articles. Besides, 
assessing heterogeneity is necessary. If I2>75%, then it will 
be considered as a highly heterogeneous result [35]. As the 
high heterogeneity in the data we selected, we choose the 
random-effects model rather than the fixed-effects model. 
After that, subgroup analyses were conducted to find out 
whether there are effects and differences to patients by 
using first-line and second-line immunotherapy drugs. 
Explore the cause of heterogeneity is another reason for 
subgroup analyses.

Results

Selection of qualified studies

A total of 1,113 related kinds of literature were included 

after searching all databases and exclusion of literature with 
repetitive content; After screening titles and abstracts, 940 
irrelevant ones were removed; By retaining articles like the 
review, comment, meeting abstract and others which do 
not relate to RCTs, 9 articles including 10 studies met our 
requirements. The flowchart was shown in Figure 1.

Characteristics, outcomes and quality assessment

We included the RCTs with at least one-year follow-up, 
the characteristics of them were summed up in Table 1. The 
outcomes (OS, PFS) were in Table 2. All drugs which are 
single used for treatment in the trials were divided into two 
groups, the first-line single immunotherapy drug treatment 
and the second-line single immunotherapy drug treatment. 
According to the Cochrane Handbook, systematic reviews 
about the data extracted were conducted in Table 3.

PFS

At first, we selected 10 trials in all and divided them into 
two groups. The pooled results indicated that first-line and 
second-line single immunotherapy drug treatment have 
differences, with a hazard ratio (HR) 0.79, 95% CI: 0.51–1.21, 
I2=89% in first-line single immunotherapy drug treatment 
and HR 0.74, 95% CI: 0.62–0.89, I2=84% in second-line 

Figure 1 Flow chart. The total process in the meta analysis.
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Table 3 Outcomes of the randomized controlled trials selected

Study A* B* C* D* E* F* Total

Hui R 2017 (KEYNOTE-001) Y* Y* – Y* – Y* 4

Herbst RS 2016 (KEYNOTE-010) Y* Y* – – Y* Y* 4

Reck M 2016 (KEYNOTE-024) Y* Y* Y* – Y* Y* 5

Tony S K Mok 2019 (KEYNOTE-042) Y* – Y* Y* Y* Y* 5

Carbone DP 2017 (CheckMate 026) Y* Y* Y* – – – 3

Vokes EE 2018 (CheckMate 017 and CheckMate 057) Y* Y* – Y* Y* Y* 5

Fehrenbacher L 2016 (POPLAR) Y* Y* – – Y* – 3

Rittmeyer A 2017 (OAK) Y* – Y* – Y* Y* 4

Antonia SJ 2018 (PACIFIC) Y* – Y* – – Y* 3

The outcomes of KEYNOTE-024, KEYNOTE-042, KEYNOTE-010, KEYNOTE-001, POPLAR, OAK, CheckMate 017/CheckMate 057, 
CheckMate 026 and PACIFIC clinical trials based on Cochrane Handbook. A*: sequence generation; B*: allocation concealment; C*: 
blinding; D*: incomplete outcome data; E*: no selective outcome reporting; F*: other sources of bias; Y*: low risk.

Table 2 Outcomes of the randomized controlled trials selected

Study Arms No.

PFS OS

Line ReferenceMedium 
(months)

HR HR, 95% CI
Medium 
(months)

HR HR, 95% CI

Reck M 2016 
(KEYNOTE-024)

Pembrolizumab 154 10.3 0.50 0.37–0.68 NR 0.6 0.41–0.89 First (29)

Chemotherapy 151 6.0 NR

Hui R 2017 
(KEYNOTE-001)

Pembrolizumab 101 6.2 – – – – – First (31)

Tony S K Mok 2019 
(KEYNOTE-042)

Pembrolizumab 637 20.2 0.81 0.67–0.99 17.7 0.69 0.56–0.85 First (19)

Chemotherapy 637 10.8 13.0

Carbone DP 2017 
(CheckMate 026)

Nivolumab 271 4.2 1.19 0.91–1.46 13.7 1.08 0.87–1.34 First (18)

Chemotherapy 270 5.8 13.8

Herbst RS 2016 
(KEYNOTE-010)

Pembrolizumab 345 5.0 0.59 0.44–0.78 10.4 0.71 0.58–0.88 Second (30)

Pembrolizumab 346 5.2 0.59 0.45–0.78 12.7 0.61 0.49–0.75

Docetaxel 343 4.1 – – 8.5 – –

Antonia SJ 2018 
(PACIFIC)

Durvalumab 473 17.2 0.51 0.41–0.63 NR 0.68 0.47–0.99 Second (34)

Placebo 236 5.6 NR

Fehrenbacher L 2016 
(POPLAR)

Atezolizumab 144 2.7 0.94 0.72–1.23 12.6 0.73 0.53–0.99 Second (32)

Docetaxel 143 3.0 9.7

Rittmeyer A 2017 
(OAK)

Atezolizumab 425 2.8 0.95 0.82–1.10 13.8 0.73 0.62–0.87 Second (33)

Docetaxel 425 4.0 9.6

Vokes EE 2018 
(CheckMate 017 and 
CheckMate 057)

Nivolumab 427 2.6 0.80 0.69–0.92 11.1 0.7 0.61–0.81 Second (23)

Docetaxel 427 3.5 8.1

NR, not reach.
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single immunotherapy drug treatment (Figure 2A). However, 
we can also see that the heterogeneity is too high in both 
groups and the data in first-line single immunotherapy drug 
treatment have no statistical sense as P-value greater than 
0.05, so we next choose the random-effects model and do 
subgroup analysis and sensitivity analysis. Afterward, in trials 
about the first-line drugs, we can see that due to the lack of 
data in HR, the study named KEYNOTE-001 (31) fails to be 
included and the KEYNOTE-024 trial (29) is the main cause 
of high heterogeneity (Figure 2B). For the six trials referred 
to second-line drugs, except PACIFIC study, the rest can be 
put into the same subgroup with relatively low heterogeneity 
(Figure 2C). For sensitivity analysis, both of the first-line and 
second-line drugs show stable results.

OS

When it comes to OS, first-line immunotherapy drug 
treatment still has better effects than the second-line. 
In first-line single immunotherapy drug treatment, HR 
0.78, 95% CI: 0.55–1.11, I2=83%, but in second-line, HR 
0.72, 95% CI: 0.65–0.81, I2=53%. Data in first-line single 
immunotherapy drug treatment have a high heterogeneity 
and no statistical sense (P value is greater than 0.05), this 
group needs subgroup analysis and sensitivity analysis to 
find out the reason (Figure 3A). Then, we can find that the 
high heterogeneity is due to the study CheckMate 026 (18) 
(Figure 3B). After sensitivity analysis, we can find both the 
first-line and second-line drugs show stable results.

Publication bias

A funnel plot is applied to seek if there is any publication 
bias. However, though we included 10 trials, the study 
called KEYNOTE-001 lacked relative data. So we just 
included 9 studies in fact, and using the funnel plot seemed 
to have no sense due to Cochrane Handbook (https://
training.cochrane.org/handbook).

Discussion

Our meta-analysis pioneered the comparison between 
different effects in NSCLC patients by using first-line and 
second-line single immunotherapy drug treatment. This 
study can help guide the future direction of immunotherapy. 
Our analysis demonstrates that the first-line and second-line 

single immunotherapy drug treatment show both improved 
PFS and OS in NSCLC, and there are relatively obvious 
differences in them. The first-line single immunotherapy 
drug treatment seems to be more efficient.

The available evidence is gotten from 10 RCT. For 
the results of PFS showed in the forest plot, there is a 5% 
difference between the first-line drugs and second-line 
drugs. Due to the heterogeneity that cannot be ignored in 
them, we performed further analysis. Evidence shows that 
KEYNOTE-024 (29) leads to the heterogeneity of PFS in 
first-line drugs. One reason is that the number of patients in 
this study is smaller compared with others. Another reason 
that makes this result worse is that few articles were selected 
in first-line single immunotherapy drug treatment. Because 
of few RCT in first-line single drugs, we have to admit that 
the high heterogeneity is hard to avoid up to now. What’s 
more, lack of tumor proportion score in some trials like 
KEYNOTE-042 (19), we cannot make sure if the patients 
recruited were in the same stage, and this may be a huge 
problem. Because of the clinical heterogeneity, we choose 
a random-effects model to reduce it. In second-line drugs, 
the studies POPLAR (32), OAK (33), CheckMate 017 and 
CheckMate 057 (23) and so on have low heterogeneity, and 
the PACIFIC leads to high heterogeneity in all. Of course, 
it may because of our few selected trials, but another reason 
is that the internal structure about the included patients, for 
example, age and gender.

First-line single immunotherapy drug treatment has 
longer OS than the second-line. It is noteworthy that the 
heterogeneity in the first-line is high. In addition, there 
is one study in first-line that lacks OS. According to our 
analysis, CheckMate 026 (18) mainly causes this problem. 
The situation happened maybe because their first-line drugs 
are different. In study CheckMate 026 (18), the drug is 
nivolumab while in studies called KEYNOTE-024 (29) and 
KEYNOTE-042 (19), the drug is pembrolizumab.

All data shows that single immunotherapy drug 
treatment is better to use in the first line than in the second 
line. It indicates that immunotherapy should be used before 
chemotherapy. First-line treatment in NSCLC may reduce 
the effect of immunotherapy.

In sum, our meta-analysis still has deficiencies, but it is 
still the first one trying to make a comparison between the 
results of first-line and second-line single immunotherapy 
drug treatment in NSCLC and give us some suggestion for 
the time of immunotherapy in NSCLC.
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Figure 2 Forest plots for progression-free survival. (A) The comparison of progression-free survival in first-line and second-line single 
immunotherapy drug treatment (fixed effects model); (B) the comparison of hazard ratio in first-line and second-line single immunotherapy 
drug treatment (random effects model); (C) subgroup analysis.
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Figure 3 Forest plots for overall survival. (A) The comparison of overall survival in first-line and second-line single immunotherapy drug 
treatment (fixed effects model); (B) Subgroup analysis.
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