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Abstract
Background: This network meta-analysis aimed at comparing anti-programmed death 1 (anti-PD-1)
with anti-programmed death ligand 1(anti-PD-L1) immunotherapy in patients with metastatic, previously
treated non-small cell lung cancer (NSCLC) who failed first-line treatment.
Methods: We searched electronic databases to identify all eligible clinical trials. End-points included
overall survival (OS), progression-free survival (PFS) and objective response. Hazard ratios (HRs) or odds
ratios (ORs) and corresponding 95% confidence intervals (CIs) were extracted. Network meta-analysis
was performed using the frequentist approach for multiple treatment comparisons.
Results: In total, 3024 patients were randomly assigned: 1117 received anti-PD-1 therapy (nivolumab +
pembrolizumab), 569 received anti-PD-L1 (atezolizumab) and 1338 received docetaxel. Anti-PD-1 (HR,
0.56; 95% CI, 0.48-0.66) and anti-PD-L1 (HR, 0.64; 95% CI, 0.51-0.79) achieved better OS than docetaxel,
and anti-PD-1 was superior to docetaxel in terms of PFS (HR, 0.75; 95% CI, 0.62-0.89). Moreover,
anti-PD-1 achieved the highest effect on OS and PFS, with a P-score of 91.2% and 95.5%, respectively.
With regard to tumor response, anti-PD-1 group had a higher rate of responders than that in anti-PD-L1
(HR, 0.35; 95% CI, 0.19-0.65) and docetaxel (HR, 0.36; 95% CI, 0.25-0.52) groups. Undoubtedly,
anti-PD-1 and anti-PD-L1 obtained less toxicity profile than docetaxel, and no significant difference was
observed between anti-PD-1 and anti-PD-L1 groups.
Conclusions: Anti-PD-1 may be a better choice for patients with metastatic and previously treated
NSCLC who failed first-line treatment in terms of the treatment ranking.
Key words: Non-small cell lung cancer; PD-1; PD-L1; immunotherapy, Nivolumab.

Introduction
Lung cancer is the leading cause of cancer death
worldwide, among which the subtype of non-small
cell lung cancer (NSCLC) accounts for almost 85% of
all cases [1]. Outcomes for NSCLC are still
unsatisfactory although many improvements have
been achieved with the development and usage of
targeted therapy for patients with amenable
mutations [2-8]. For patients failing previously
first-line treatment, systemic docetaxel has been

recommended as the second line for recurrent or
metastatic disease since 1999 [9, 10]. Later on, many
new medications including pemetrexed and erlotinib
have been developed to compare with docetaxel [11,
12]; however, both failed to achieve better survival
outcomes but better side-effect profile. Therefore,
developing new agents with better efficacy and less
toxicities is crucial for clinicians and patients.
Immunotherapy is a new treatment in cancer
http://www.jcancer.org
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care, and targeting the programmed death 1 (PD-1)
and programmed death-ligand 1 (PD-L1) pathway
has been proven to be a promising therapeutic option
for patients with recurrent or metastatic NSCLC
[13-20]. Due to the superior overall survival and less
toxicities achieved by nivolumab, pembrolizumab
and atezolizumab when comparing with docetaxel,
these drugs were approved by the Unite States Food
and Drug Administration (FDA) as the standard care
for patients with NSCLC who failed platinumcontaining chemotherapy. Despite the similar
efficacy, they have different antitumor mechanisms;
nivolumab and pembrolizumab target PD-1 while
atezolizumab targets PD-L1. Besides the blocking
effect on PD-1 and PD-L1 interaction which could
reactive suppressed immune cells to eliminate tumor
cells [18, 21, 22], atezolizumab also blocks PD-L1 and
B7-1 binding which results in stronger immune
response [23-26]. Therefore, there comes a concern for
clinicians that which kind of immunotherapy is
better? However, no study to date has been carried
out to characterize this issue. Therefore, we conducted
this network meta-analysis to compare the
therapeutic gain achieved by anti-PD-1 (nivolumab +
pembrolizumab) and anti-PD-L1 (atezolizumab)
immunotherapy in patients with locally advanced or
metastatic, previously treated NSCLC who failed
first-line therapy.

Materials and Methods
Literature Search Strategy and Study
Inclusion
We searched the electronic databases of
PubMed, Web of Science, Cochrane Library as well as
WangFang database and National Knowledge
Infrastructure to identify all eligible clinical trials
regarding NSCLC. Supplementary Methods presented
the detailed information on literature search strategy
and study inclusion criteria for this network metaanalysis. Notably, there are main three treatment
arms: anti-PD-1, anti-PD-L1 and docetaxel; each arm
should only contain one medication.

Data extraction
Three investigators (W.Y, M.L and J.D.M)
assessed the quality of included trials independently
by examining the randomization, procedure, sample
size estimation, adoption of blinding in study design,
allocation concealment, whether intention-to-treat
analysis was followed, loss to follow-up and dropout
according to the Jadad/Oxford quality scoring system
[27]. Another three investigators (Y.B.S, D.K.C and
Y.Q.L) reviewed the included studies and extracted
the data independently. Data on study design, study
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time, number of patients, randomization scheme,
follow-up duration, treatment protocol, end-points
and failure patterns were abstracted. Any
discrepancies in quality assessment and data
extraction were resolved by consensus.

Statistical analysis
The primary end-point was overall survival
(OS), defined as the duration from randomization to
death from any cause. Second endpoints included
progression-free survival (PFS, defined as time from
randomization to the first occurrence of disease
progression) and objective response (complete
response, partial response, stable disease, progressive
disease). Patients with complete or partial response
would be grouped as responders and those with
stable or progressive disease as non-responders.
Survival data were expressed as hazard ratio (HR)
and objective response as odds ratio (OR). Traditional
direct meta-analysis was conducted first using Stata
13.0 (StataCorp LP, College Station, TX, USA). We
calculated the pooled estimates of HRs or ORs and
corresponding 95% confidence intervals (CIs) of direct
comparisons between two therapeutic regimens. A
two-sided P-value of < 0.05 was considered
significant. Heterogeneity across studies was tested
by χ2 test and I2 statistic along with a forest plot.
Statistically significant heterogeneity was defined as a
χ2 P-value < 0.1 or an I2 statistic > 50%.
Network meta-analysis was performed with R
software (version 3.3.3; R Foundation, Vienna,
Austria) using the netmeta package [28, 29] and a
frequentist approach [28]. Treatment effects were
estimated by calculating HRs or ORs with
corresponding
95%
CIs.
Heterogeneity
or
inconsistency between and within designs was
assessed using the Q test, which was proposed to be a
generalization of Cochran’s test by Rücker et al. [28].
If no heterogeneity existed (P > 0.1), a fixed-effects
model was used. In case of significant heterogeneity,
use of a random-effects model and sensitivity analysis
were considered. The P-score, proposed by Rücker
and Schwarzer [30] as a frequentist similar to surface
under the cumulative ranking curve [31, 32], was
adopted to rank treatment arms. The P-score of the
best treatment is 100%, and the worst, 0%. Overall
grade 3-5 toxicities were compared using the χ2 test
and a two-sided P-value of < 0.05 was considered
significant. Survival and objective response analysis
were conducted in intention-to-treat population and
toxicity comparison in patients receiving at least one
dose of treatment. More details of the network
meta-analysis are presented in the Supplementary
Methods.

http://www.jcancer.org
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Results

Network meta-analysis of OS and PFS

Up to the June 30, 2017, we identified 6
potentially eligible studies [13-15, 17, 19, 20] in total
(Figure S1). The study by Reck et al. [20] involving
patients having previously untreated NSCLC with
PD-L1 expression on at least 50% of tumor cells was
excluded. Therefore, 5 studies [13-15, 17, 19] were
included in this network meta-analysis, among which
2 [13, 14], 1 [17] and 2 [15, 19] trials compared
nivolumab, pembrolizumab and atezolizumab with
docetaxel, respectively. Notably, the study by Herbst
et al. [17] consisted of three treatment arms (i.e.,
pembrolizumab 2 mg/kg, pembrolizumab 10 mg/kg,
docetaxel 75 mg/m2). The basic information of the 5
studies were presented in Table 1. Overall, 3024
patients were randomly assigned: 1117 received
anti-PD-1 therapy, 569 received anti-PD-L1 therapy
and 1338 received docetaxel. HRs and corresponding
95% CIs of OS and PFS were obtained directly from
the original text. Quality assessment of included trials
is summarized in Table S1.

The network plot of the three treatment arms
(anti-PD-l, anti-PD-L1 and docetaxel) was shown in
Figure S2. Docetaxel was established as the reference
group in this network meta-analysis since it’s the
controlled arm in these five trials. No heterogeneity
was detected within studies and fixed-effect model
was employed. Results of multiple treatment
comparisons were summarized in Table 2. Consistent
with the results of direct meta-analysis, anti-PD-1
(HR, 0.56; 95% CI, 0.48-0.66) and anti-PD-L1 (HR, 0.64;
95% CI, 0.51-0.79) immunotherapy could significantly
decrease overall death, and anti-PD-1 (HR, 0.75; 95%
CI, 0.62-0.89) even achieved better PFS compared with
docetaxel. Intriguingly, no significant difference was
found between anti-PD-1 and anti-PD-L1 with regard
to OS (HR, 1.14; 95% CI, 0.87-1.49) and PFS (HR, 1.24;
95% CI, 0.91-1.69) (Figure 2). The corresponding
P-scores for docetaxel, anti-PD-1 and anti-PD-L1 were
0, 91.2% and 58.5% for OS, and 13.5%, 95.5% and
41.0% in terms of PFS, respectively. This indicated
that anti-PD-1 achieved the best effect on both OS and
PFS.

Direct meta-analysis of OS and PFS

Network meta-analysis of objective response

Eligible studies

Results of direct meta-analysis were presented in
Figure 1. Heterogeneity was found in comparing
anti-PD-1 with docetaxel for PFS, and random-effect
model was therefore applied. Undoubtedly, anti-PD-1
(HR, 0.66; 95% CI, 0.59-0.73) and anti-PD-L1 (HR, 0.73;
95% CI, 0.62-0.84) immunotherapy were significantly
better than docetaxel in improving OS. Moreover,
anti-PD-1 was found to achieve better PFS (HR, 0.80;
95% CI, 0.68-0.93); however, PFS was comparable
between anti-PD-L1 and docetaxel (HR, 0.95; 95% CI,
0.82-1.07).

In total, the responders and non-responders in
anti-PD-1, anti-PD-L1 and docetaxel groups were 209
and 908, 79 and 490, 190 and 1148, respectively.
Results of network meta-analysis were presented in
Table 3 and Figure S3. Generally, the anti-PD-1 group
obtained a higher rate of responders compared with
docetaxel (OR, 0.36; 95% CI, 0.25-0.52) and anti-PD-L1
(OR, 0.35; 95% CI, 0.19-0.65), and comparable results
were observed between docetaxel and anti-PD-L1
groups (OR, 1.02; 95% CI, 0.62-1.66). Also, anti-PD-1
achieved the highest effect on tumor response with a
P-score of 99.9% (Table 3).

Table 1. Summary of the 5 studies comparing immunotherapy with docetaxel in patients with locally advanced or metastatic, previously
treated non-small cell lung cancer.
Study

No. of
Study time
patients

Immunotherapy

Chemotherapy

Median overall survival (months) Median progression-free survival
(months)
Immunotherapy Chemotherapy Immunotherapy Chemotherapy

75 mg/m2 every 3
weeks
75 mg/m2 every 3
weeks

12.2

9.4

2.3

4.2

9.2

6.0

3.5

2.8

Nivolumab vs. Docetaxel
Borghaei et al. 2015

582

2012.11-2013.12 3 mg/kg every 2 weeks

Brahmer et al. 2015

272

2012.10-2013.12 3 mg/kg every 2 weeks

Pembrolizumab vs.
Docetaxel
Herbst et al. 2016

1034

2013.08-2015.02 Arm 1: 2 mg/kg every 3 75 mg/m2 every 3
weeks
weeks
Arm 2: 10 mg/kg every 3
weeks

14.9 for arm 1;
17.3 for arm 2

8.2

3.9 for arm 1;
4.0 for arm 2

4.0

Atezolizumab vs. Docetaxel
Fehrenbacher et al. 2016
287

2013.08-2014.03 1200 mg ever 3 weeks

12.6

9.7

2.7

3.0

Rittmeyer et al. 2017

2014.03-2015.04 1200 mg ever 3 weeks

12.6

8.9

2.8

4.0

850

75 mg/m2 every 3
weeks
75 mg/m2 every 3
weeks

http://www.jcancer.org
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Figure 1. Forest plot of direct meta-analysis for overall survival and progression-free survival. PD-1 = programmed death 1; PD-L1 = programmed death ligand 1; ES
= effect size; CI = confidence interval.

Table 2. Summary of network meta-analysis results for overall
survival and progression-free survival.
Treatment arm
P value of Overall
heterogeneity/inconsistency
P value of heterogeneity (within designs)
P value of heterogeneity (between designs)
Docetaxel
HR
P-score (%)
Anti-PD-1
HR (95% CI)
P-score (%)
Anti-PD-L1
HR (95% CI)
P-score (%)

OS
0.66

PFS
0.17

0.66
/

0.17
/

1.00
0

1.00
13.5

0.56 (0.48-0.66)
91.2

0.75 (0.62-0.89)
95.5

0.64 (0.51-0.79)
58.8

0.92 (0.72-1.19)
41.0

Abbreviations: OS = overall survival; PFS = progression-free survival; PD-1 =
programmed death 1; PD-L1 = programmed death ligand 1; HR = hazard ratio; CI =
confidence interval.
Fixed-effects model was used for overall survival and progression-free survival.

Grade 3-5 toxicities
The detailed number of patients experiencing
grade 3-5 toxicity profiles in the study by
Fehrenbacher et al. [15] and Rittmeyer et al. [19] were
not available, and we therefore only compared the
overall grade 3-5 toxicities between the three groups
(Table 4). In total, 12.5% (137/1100), 14.1% (106/751)
and 44.0% (624/1419) of patients in the anti-PD-1,
anti-PD-L1 and docetaxel groups experienced grade
3-5 toxicities. The docetaxel group suffered
significantly higher rate of grade 3-5 toxicities than
anti-PD-1 (P < 0.001) and anti-PD-L1 (P < 0.001)
groups, while it did not significantly differ between
anti-PD-1 and anti-PD-L1 groups (P = 0.299).

http://www.jcancer.org
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Discussion
Multiple treatment comparisons using network
meta-analysis is a powerful method for comparing
direct and indirect treatments in randomized clinical
trials, and has been applied in head and neck cancers
[33-35]. As far as we know, our network meta-analysis
is the first study to compare the therapeutic gain
achieved by docetaxel, anti-PD-1 and anti-PD-L1
immunotherapy in patients with locally advanced or
metastatic, previously treated NSCLC who failed
first-line treatment. Based on all available information
extracted from included trials, we found that
anti-PD-1 and anti-PD-L1 were much better than
docetaxel in terms of OS, and anti-PD-1 achieved
better PFS than docetaxel while no significant
difference was detected between anti-PD-1 and
anti-PD-L1 in terms of OS and PFS.
Due to the extremely poor survival of
locoregionally advanced or metastatic, previously
treated NSCLC who failed first-line therapy, purpose
of treatment for this population was usually
palliative. Therefore, efficacy as well as safety should
be both considered when selecting therapy regimens.
Although docetaxel has been established as the
standard second-line care [9, 10], its efficacy is still
unsatisfactory, with an median OS ranging from 6.0 to
9.7 months [13-15, 17, 19]. Moreover, the toxicity
profile produced by docetaxel has also remained a
crucial issue for both clinicians and patients.
Therefore, it’s urgently to develop new agents.
Immunotherapy, main including blocking on
PD-L1-PD-1 and PD-L1-B7-1 pathway [13, 14, 16, 17,
23, 26], has shown promising results for both better
survival outcomes and less toxicities. In our current
study, both direct and network meta-analysis
consistently revealed anti-PD-1 and anti-PD-L1
significantly improved overall survival compared
with docetaxel and these were also consistent with the
results of primary studies [13-15, 17, 19]. The
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underlying reason for the OS benefit may be that
response to treatment was more durable in the
immunotherapy group than that in the docetaxel
group.
PD-L1, an immune checkpoint protein expressed
on both tumor cells and tumor-infiltrating immune
cells, could mediate suppression of antitumor
immunity by binding to its receptors PD-1 and B7-1
[36-38]. Therefore, anti-PD-L1 antibody like
atezolizumab could block both PD-L1-PD-1 and
PD-L1-B7-1 pathway which may produce stronger
immune response than anti-PD-1 antibody which
only blocks PD-L1-PD-1 binding [23-26]. Given this
theoretical evidence, it may be reasonable to speculate
that anti-PD-L1 antibodies should achieved better
outcomes.
However,
clinical
data
obtained
contradictory conclusion that anti-PD-1 achieved
similar OS but better PFS than anti-PD-L1, and
achieved the highest effect on OS and PFS with regard
to P-score. These results indicated that the value of
blocking PD-L1-B7-1 pathway may be further
investigated in NSCLC. In the study by Brahmer et al.
[14], PD-L1 expression was found to be neither
prognostic nor predictive of efficacy in patients with
squamous-cell NSCLC; however, it was associated
with the benefit from anti-PD-1 treatment in
non-squamous-cell NSCLC [13]. Therefore, it may be
more appropriate to compare anti-PD-1 with
anti-PD-L1 in highly selected patients based on the
expression level of PD-L1 on tumor cells. Notably, in
network meta-analysis, a probability of treatment
ranking (P-score) would be produced even if the effect
size among treatment arms was small and
nonsignificant. It would be misleading if treatment
decisions mainly depend on it. Therefore, in our
study, both anti-PD-1 and anti-PD-L1 therapy were
equally effective although anti-PD-1 achieved the
highest P-score.

Figure 2. Forest plot of network meta-analysis for overall survival and progression-free survival with different reference groups. PD-1 = programmed death 1;
PD-L1 = programmed death ligand 1; HR = hazard ratio; CI = confidence interval.
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Table 3. Summary of network meta-analysis results for tumor
response.
Treatment arm
P value of Overall heterogeneity/inconsistency
P value of heterogeneity (within designs)
P value of heterogeneity (between designs)
Docetaxel
OR
P-score (%)
Anti-PD-1
OR (95% CI)
P-score (%)
Anti-PD-L1
OR (95% CI)
P-score (%)

Response a
0.86
0.86
/
1.00
26.5
0.36 (0.25-0.52)
99.9
1.02 (0.62-1.66)
23.5

Abbreviations: PD-1 = programmed death 1; PD-L1 = programmed death ligand 1;
OR = odds ratio; CI = confidence interval.
a The comparison for this endpoint was responders vs. non-responders.

Table 4. Number of patients experiencing overall grade 3-5
toxicities in each study.
Study

Experimental group
No. of grade
Total
3-4
patients
Brahmer 2015
9 (6.8%)
131
Borghaei 2015
30 (10.5%)
287
Herbst 2015 (arm 1)a 43 (12.7%)
339
Herbst 2015 (arm 2)a 55 (16.0%)
343
Fehrenbacher 2016 16 (11.3%)
142
Rittmeyer 2017
90 (14.8%)
609

a

Control group
No. of grade
3-4
71 (55.0%)
144 (53.7%)
109 (35.3%)
109 (35.3%)
52 (38.5%)
248 (42.9%)

Total
patients
129
268
309
309
135
578

Arm 1: pembrolizumab 2 mg/kg; Arm 2: pembrolizumab 10mg/kg.

With regard to tumor response, anti-PD-1
treatment achieved significantly higher response rate
than that of anti-PD-L1 and docetaxel groups.
Notably, the immune-modified RECIST criteria, a
little different from the RECIST criteria, was adopted
for evaluating tumor response in anti-PD-L1 group.
Therefore, it’s of great importance to employ the
uniform evaluation criteria in future trials. Since the
detailed data on toxicity prolife were not available in
the anti-PD-L1 group, overall grade 3-5 toxicities were
compared. Consistent with the results of a system
review [39], our findings also showed that anti-PD-a
and anti-PD-L1 immunotherapy produced significantly less grade 3-5 toxicities. Moreover, the toxicities
profile did not differ between anti-PD-1 and
anti-PD-L1 treatments, indicating that blocking the
PD-L1-B7-1 pathway did not bring additional
toxicities.
The limitations of this study should be
addressed: HRs and corresponding 95% CIs were
mainly extracted from the original studies without
access to individualized data, which may produce
reporting bias. Moreover, the criteria for evaluating
tumor response varied between studies. To minimize
these limitations, we set strict inclusion criteria and
three investigators independently reviewed and
extracted data.

Conclusions
In summary, our network meta-analysis firstly
compares anti-PD-1 with anti-PD-L1 immunotherapy
in patients with locoregionally advanced or
metastatic, previously treated NSCLC who failed
first-line treatment, and revealed anti-PD-1 treatment
was superior to anti-PD-L1 and docetaxel in terms of
PFS and tumor response. Moreover, anti-PD-1 could
achieved the highest effect on OS, PFS and tumor
response. Based on these evidence, it may be more
appropriate to choose anti-PD-1 immunotherapy with
regard to treatment ranking. However, future
head-to-head clinical trials are warranted to confirm
the results of current study.

Abbreviations
NSCLC: non-small cell lung cancer; PD-1:
programmed death 1; PD-L1: programmed deathligand 1; OS: overall survival; PFS: progression-free
survival; HR: hazard ratio; OR: odds ratio; CI:
confidence interval.
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