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Purpose: Atezolizumab, an immunoglobulin G1 monoclonal antibody against PD-L1, is accepted to treat advanced 
non-small-cell lung cancer (NSCLC). Our systematic review aims to evaluate survival efficacy of atezolizumab, 
overall and in subgroups defined by PD-L1 expression. Materials and Methods: Search the trials on efficacy of 
atezolizumab in advanced NSCLC based on online electronic databases from their dates of inception up to June 
2019, including PubMed, Embase and Cochrane library databases. After rigorous reviewing of quality, the data 
of the PFS and OS were measured as outcomes. Results: Six trials including seven researches were included. 
Overall, 4722 subjects involving 2488 patients received atezolizumab and 2234 patients received investigator’s 
choice chemotherapy were retrieved. For the intention-to-treat (ITT) population, the pooled ORs for overall 
survival (OS) was 0.81 (95 % confidence interval [CI] 0.75–0.87; P<0.00001) and progression-free survival 
benefit (PFS) was 0.65 (95 % CI 0.59–0.73; P<0.00001), respectively. For the subgroups PD-L1 expression 
(negative and high), there were benefits both observed in the PFS and OS in two sub-groups with atezolizumab 
(P 0.05). However, in the low expression of PD-L1 group, the subjects who received atezolizumab achieved PFS 
(OR 0.70; 95% CI: 0.58–0.84, P=0.0002) advantage but OS advantage (OR 0.91; 95% CI: 0.62–1.33, P=0.62). 
Conclusion: In low expression of PD-L1 subgroups, a benefit was observed for PFS but OS. However, the status 
of PD-L1 expression cannot be recommend as prognostic biomarker to support the decision who will benefit 
from atezolizumab.

1. Introduction
The evaluation of the effect of treatment options for advanced 
non-small-cell lung cancer patients remains poor despite signif-
icant progress in therapy (Stinchcombe and Socinski 2008). 
Recently, developments in cancer immunotherapy led to novel 
approaches (Zappa and Mousa 2016). Immune checkpoint inhib-
itors (ICIs) target the pathway of the programmed death ligand 1 
(PD-L1) /programmed death-1 (PD-1) that inhibit activation of 
T-cells (Butte et al. 2007; Yang et al. 2011).
Atezolizumab is a humanised monoclonal antibody against PD-L1 
(Zou and Chen 2008; Chen et al. 2012; Chen and Mellman 2013). 
This antibody showed improvements in overall survival in the 
POPLAR trial (Fehrenbacher et al. 2016) and OAK trial (Ritt-
meyer et al. 2016), which led to its approval for the therapy for 
advanced NSCLC.
Some studies revealed that the status of PD-L1 expression on 
tumor-infiltrating immune cells identified as a viable biomarker 
can be affected by the relation of T-effector and interferon γ gene, 
which has superior effects on overall survival (Fehrenbacher et al. 
2016). In POPLAR, patients received atezolizumab harboring high 
PD-L1 expression achieved OS benefit. However, low or negative 
PD-L1 expression patients also achieved OS benefit in the OAK 
trial (Blair and Hannah 2018).
Therefore, this meta-analysis is done to address the survival effi-
cacy of atezolizumab in patients with advanced NSCLC.

2. Investigations and results

2.1. Retrieval strategy
Two independent researchers conducted a systematic search of the 
PubMed, Embase and Cochrane library electronic databases up to 
June 2019 with the free key words and Medical Subject Heading 

(MeSH) terms: “non-small cell lung cancer ” AND “atezoli-
zumab”, AND “Programmed cell ligand 1”, in English language. 
Further material was also searched from reference materials.

2.2. Eligibility criteria
The eligible publications were related to the following inclusion 
criteria: (1) random control trials (RCT); (2) patients with advanced 
NSCLC; (3) articles comparing atezolizumab-added therapy and 
chemotherapy; (4) PFS and OS as outcomes addressed.

2.3. Quality assessment 
The risk of bias of the retrieved articles were rated by two inves-
tigators independently based on the Cochrane Handbook for 
Systematic Reviews.

2.4. Data selection and extraction 
Data were extracted from the published studies independently 
by two investigators. In case of disagreement, the differences 
were resolved through discussion. The main categories contents 
including: trial name, histology, the status of PD-L1 expression, 
treatment regimen, patient’s number, the outcomes of interest.

2.5. Statistical analysis
The I2 statistic was conducted to assess the significance of hetero-
geneity between-study (Higgins et al. 2011). Articles with an 
I2 ≥ 50% were regarded to have moderate and high degrees of 
heterogeneity, while I2<50% was thought to indicate a low degree 
of heterogeneity (Higgins and Thompson 2002). If the degree 
of heterogeneity was low, we chose the fixed-effect model. The 
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random-effect model was conducted if the degree of heterogeneity 
was moderate and high.
A p value <0.05 was defined as statistically significant difference. 
The Review Manager version 5.3 software was conducted for 
statistical analysis.

2.6. Results

2.6.1. Study selection process
Through the literature search, 136 studies were initially identi-
fied. Ten articles were assessed by reading the full text based on 
the criteria, but some were further eliminated. Finally, six RCTs 
including seven articles (Fehrenbacher et al. 2016; Rittmeyer et al. 
2016; Jotte et al. 2018; Papadimitrakopoulou et al. 2018; Socinski 
et al. 2018; West et al. 2019; von Pawel et al. 2019) addressed 
the addition of atezolizumab to chemotherapy (Fig. 1). The Table 
presents a brief description of the included articles in more detail.

Fig. 1: PRISMA flow chart of selection process to identify studies eligible for pooling

2.6.2. Pooled analysis in the ITT population
As no statistical heterogeneity was seen in OR of articles (I2 = 
0%) in terms of the ITT population, the fixed effect model was 
used. Pooling data revealed that the addition of atezolizumab 
to chemotherapy can lead to a survival advantage both in PFS 
(OR=0.65,95%CI=0.59-0.73, P<0.00001) (Fig.  2) and OS 
(OR=0.81,95%CI=0.75-0.87, P<0.00001) (Fig.  3) versus the 
control group.

2.6.2. Sub-group analysis in the negative expression of 
PD-L1 patients
As pooled estimates of effect sizes suggested no statistical 
heterogeneity in OR of studies (P=0.33, I2 = 9%), the fixed effect 

model was appropriate. In the analysis of PFS when comparing 
two groups, benefits were seen with atezolizumab treatment 
(OR=0.75,95%CI=0.63-0.88, P=0.0006) (Fig.  4). Also, we 
conducted the fixed effect model to pool the OS data due to the 
high degree of heterogeneity of articles (P=0.83, I2 = 0%). Pooled 
data showed that OS was superior in the atezolizumab group versus 
the control group (OR=0.82,95%CI=0.72-0.93, P=0.002). (Fig. 5)

2.6.3. Sub-group analysis in the high expression of PD-L1 
patients
No statistical heterogeneity was seen in OR of articles, so the 
fixed-effects model was conducted (P=0.87, I2 = 0%). The 
pooled data showed that adding atezolizumab offers a PFS 
benefit (OR=0.47,95%CI=0.37-0.59, P<0.00001) (Fig.  6). The 
random-effects model was used to pool the OS data (P=0.08, I2 = 
52%), t shows that the atezolizumab group offers an OS advantage 
(OR=0.62,95%CI=0.45-0.85, P=0.003) (Fig. 7).

2.6.4. Sub-group analysis in the low expression of PD-L1 
patients
A fixed-effects model was available (P=0.57, I2 = 0%). PFS 
was superior with atezolizumab compared with chemotherapy 
(18, 25-26) (OR=0.70,95%CI=0.58-0.84, P=0.0002) (Fig.  8). 
When the random-effect model was applied to merge the OS 
data (P=0.02, I2 = 73%) no OS advantage was observed in 
patients receiving atezolizumab compared to the control group 
(OR=0.91,95%CI=0.62-1.33, P=0.62) (Fig. 9).

3. Discussion
Immunotherapies offered novel approaches to treat advanced 
NSCLC. The Food and Drug Administration (FDA) approved 
atezolizumab (TECENTRIQTM), an immune checkpoint inhib-
itor targeting PD-L1, to treat advanced NSCLC as second-line 
treatment in 2015 (Akamine et al. 2018). Despite several studies 
have been published, the status of PD-L1 expression is still under 
discussion. Due to the studies’ design, debates remain considering 
different expression subgroups of PD-L1.
As shown in our results, patients in all groups showed improve-
ments in PFS regardless of PD-L1 status. However, there are 
OS benefits in the overall ITT population and subgroups PD-L1 
expression (negative and high) but the low expression of PD-L1 
population.
To our knowledge, the OAK trial reported that increased immune 
infiltration stimulates the first increase in tumor volume or 
continued treatment process the anti-tumor immune activation 
beyond progression may lead to the significant difference between 
PFS and OS (Wolchok et al. 2019). This difference has been 
commonly found in our analysis. For low expression of PD-L1 
populations, these findings shown that PFS findings underestimate 
the OS benefit for atezolizumab.
The relationship between the expression of PD-L1 on tumor-in-
filtrating immune cells and the T-effector and interferon-γ gene 
signature further predicts that there are different mechanisms in 
NSCLC affecting PD-L1 expression: tumor cell-intrinsic mech-
anisms and an adaptive immune system mechanism (Herbst 
2014). Many previous studies have demonstrated that the adaptive 
immune mechanism is consistent with adaptive PD-L1 regulation 
in highly inflamed tumors (Taube et al. 2012). In addition, a latest 
meta-analysis (Xian and Bin 2018) indicated that PD-L1 expres-
sion and many unrelated characteristics have effect on the result 
of PD-1 or PD- L1 blockade treatment. Furthermore, the expres-
sion of PD-L1 in tumors was not in accordance, and the location 
of sampling may influence the status of PD-L1 expression; and 
various molecular mechanisms might affect the expression of 
PD-L1 in various tumor histology. The heterogeneity within the 
low PD-L1 expression subgroup was significantly high, which has 
insufficient statistical power to support the conclusions.
We acknowledge that there are important limitations in our study. 
First, as the meta-analysis was based on study-level, clinical 
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Table: Atezolizumab  NSCLC 

Trial
Treatment regimen Patients number Histology

Atezolizumab-based group Chemotherapy group Atezolizumab Chemotherapy

IMPower130 Atezolizumab plus chemotherapy  Chemotherapy 483 240 NonSq

IMPower131 Carbo-nabPac+atezolizumab Carbo-nabPac 342 340 Sq

IMPower132 Pemetrexed+carboplatin or Cisplatin+atezolizumab Pemetrexed+carboplatin or cisplatin 292 286 NonSq

IMPower150(1) Carbo-Pac-Beva+atezolizumab Carbo-Pac-Beva 400 400 NonSq

IMPower150(2) Atezolizumab + Carbo-Pac Carbo-Pac-Beva 402 400 NonSq

POPLAR Atezolizumab Docetaxel 144 143 NonSq+Sq

OAK Atezolizumab Docetaxel 425 425 NonSq+Sq

Beva, bevacizumab; Carbo, carboplatin;
NonSq, non-squamous;Sq, squamous

Fig. 2: PFS ITT

Fig. 3: 3 OS ITT

Fig. 4: PFS (-)

g ( )

Fig. 5: OS (-)
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heterogeneity among studies should not be neglected, which may 
impact the interpretation of our results, even though all the included 
studies were randomized clinical trials. Second, the cutoff value 
for positive expression of PD-L1 was different, the benefit of anti-
PD-1/PD-L1 treatment still needs further assessment.
Taken together, these findings reported that atezolizumab 
prolonged survival efficacy in PD-L1 expression (negative and 
positive). Whether the expression status of PD-L1 can be identi-
fied as prognostic biomarker to help in decision-making who will 
benefit from atezolizumab and a strict cut-off value to definite the 
PD-L1 expression will need further discussion.
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