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Abstract

Background: Non-small cell lung cancer (NSCLC) stands as one 
of the most prevalent types of cancer worldwide, driving extensive 
research in oncologic therapeutic approaches. Atezolizumab, among 
the treatments under scrutiny, is undergoing evaluation as a potential 
first-line therapy for NSCLC. This review aims to assess the efficacy 
of atezolizumab in treating patients with NSCLC and to shed light on 
the ongoing quest for the most effective treatment.

Methods: Multiple scientific databases, including PubMed, Cochrane, 
and ScienceDirect, were consulted. The literature identification uti-
lized the strategic Boolean term method of keywords relating to “non-
small cell lung cancer” and “atezolizumab” to suggest the analyzed 
population in our review without restricting the potential outcomes. 
The primary inclusion criterion is clinical studies that attempted to 
determine the efficacy of atezolizumab in NSCLC patients.

Results: We included four trials to be analyzed in the final analysis, 
which we stratified into the programmed cell death-ligand 1 (PD-
L1) expressivity status aside from the pooled intention-to-treat (ITT) 
population. We found the addition of atezolizumab may significantly 
improve the overall survival (OS) in the respective arm, remarkably 
among the high PD-L1 expression group (TC3 or IC3). The result 
of our meta-analysis presented the pooled OS of 0.79 (0.72, 0.87) in 
95% confidence interval (CI) with a P value of < 0.05. Sub-analysis 
of the PD-L1’s expression revealed TC3 population benefits the most 
(hazard ratio (HR): 0.55, 95% CI (0.42, 0.73)), compared to low (HR: 
0.80, 95% CI (0.68, 0.93)) and negative expression (HR: 0.79, 95% 
CI (0.68, 0.93)); which is statistically meaningful (P < 0.05). Similar 

result was also observed in progression-free survival (PFS) analysis 
with the HR value of 0.63 (0.55, 0.72), with P value of < 0.05, favor-
ing atezolizumab arm.

Conclusions: Upon examination, the study reveals that the addition 
of atezolizumab demonstrates notable improvements in both OS and 
PFS among NSCLC patients. These findings present promising at-
tributes for atezolizumab as a viable treatment for NSCLC. However, 
it is important to acknowledge that the future holds further revelations 
in this realm, and more insights are yet to be uncovered.

Keywords: Atezolizumab; Chemotherapy; NSCLC; Overall surviv-
al; Progression-free survival

Introduction

As the number one cause of cancer mortality rates, lung can-
cer imposes an imminent threat worldwide, which accounted 
for more than 1 million cases of cancer deaths, leading up the 
prevalence majority with 18%; between gender, the frequency 
of mortality cases in men nearly doubles the cases in women, 
with a margin of roughly 500,000 cases; countries with the 
highest rate includes Polynesia, Eastern and Southern Europe, 
Eastern Asia, and Western Asia [1]. The trends of gender and 
affected country reflect the influencing lifestyle that perpetu-
ates the progression of the disease, with the tobacco epidemic 
and rise of air pollution attributing largely to the rising of lung 
cancer deaths [1]. Within the subtype of lung cancer, non-small 
cell lung carcinoma (NSCLC) has been identified for more 
than 80% of the cases, histologically predominant with the 
non-squamous cell carcinoma, such as adenocarcinoma [2].

Monotherapy as a first-line treatment for NSCLC has been 
proven to be suboptimal [2]. Multiple factors come into play in 
determining the prognosis of the patient, whether it is the im-
provement of the overall survival (OS) or the rare incidence of 
a complete remission (CR). CR is not a common phenomenon, 
especially in the case of a solid tumor such as the NSCLC, 
but once it happens, it occurs by the usage of a combination 
of drugs, in this case it is the immune-checkpoint inhibitors 
(ICIs) [3].

Other specific immunotherapies have been proposed to 
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tackle the disease, from tyrosine kinase inhibitors to ICI itself, 
mostly relying on the biomarkers that the body has innately 
present with, such as the programmed cell death-ligand 1 (PD-
L1), tumor mutational burden (TMB), microsatellite instability 
(MSI), and in some cases relying on the gut microbiomes. The 
latter refers to the drug reaction prediction, as most chemo-
therapy drugs can be altered in the guts. As an example, the us-
age of antacids (proton pump inhibitor (PPI) and histamine-2 
receptor antagonists (H2RAs)) can alter the gut microbiome, 
thus impairing the pharmacodynamic through a myriad of 
mechanisms, such as decrease of bacterial richness, changes in 
gastric pH, transformations of bacterial species, and intestinal 
barrier dysfunctions to the point that it could impair the physi-
ological function of polymorphonuclear neutrophils, natural 
killer cells, and cytotoxic T lymphocytes needed to achieve 
treatment progression [4]. On the other hand, gender also plays 
a significant role in the biomarker makeup within the popula-
tion, with females presenting lesser benefit from mono-immu-
notherapy than men, as it could be explained by the distinction 
between the genders regarding oxidative stress response to 
cancer and cancer treatment [5].

ICI specifically has proven itself responsible for a pro-
grammed cell death response in the malignant cancer cells, 
with PD-L1 being one of the biomarkers. PD-L1 expression 
played a role in the survival of cancer cells. PD-L1 is able to 
attach itself to the programmed death protein 1 (PD-1) inhibi-
tory receptor, inactivating the immune cells, thus decreasing 
cytokine production and T cells production. PD-1 receptor is 
present in many immune cells, such as T and B cells, dendritic 
cells, and macrophages. Furthermore, in NSCLC, the expres-
sion of PD-L1 is abundant as much as 35-95%. Therapeutic 
effort could show promising outcomes by providing a PD-1 
antagonist, selectively blocking the PD-L1, in hopes of in-
creasing the immune response towards the malignancy [6].

Biomarker testing is recommended before any ICI treat-
ment is applied, to assess the candidate’s sensitivity, with at-
ezolizumab, specifically being a first-line addition, when the 
PD-L1 sensitivity level is 50% and higher [7]. Atezolizumab 
is an IgG1 monoclonal antibody targeting the PD-1 receptor in 
the cancer cell, blocking the mechanism cascade [3]. Several 
regiments have been proposed, combining atezolizumab with 
chemotherapy or with bevacizumab, an inhibitor of the vas-
cular endothelial growth factor. The purpose of this review is 
to evaluate the efficacy and the OS of treatment combinations 
that require an anti-PD-L1 monoclonal antibody, atezolizum-
ab, while also aiming to explore the ongoing pursuit for the 
most effective treatment.

Materials and Methods

The Institutional Review Board (IRB) approval is not applica-
ble for the study. The study was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration. We engaged 
the updated Preferred Reporting Items for Systematic Review 
and Meta Analyses (PRISMA) protocol as the base arrange-
ment of our investigation.

Systematic screening

In this study, we utilized three databases accessible to our insti-
tutional profiles, i.e., PubMed, Cochrane, and ScienceDirect. 
Several main inclusion criteria for the review had been estab-
lished as well, e.g., 1) Last-decade original studies (published 
between 2012 and 2022; 2) Controlled trials; 3) Issued in peer-
reviewed, English-based for in-literature language, and inter-
nationally recognized publisher; 4) Focused on atezolizumab 
as an intervention without comparison to other immunothera-
py; 5) Analyze the influence of atezolizumab intervention on 
all PD-L1 levels of NSCLC patients (as confirmed and diag-
nosed by each eligible study). The exclusion criteria of our 
study are: 1) Apply any intervention in the control group; 2) 
Crossover analysis; 3) Concomitant diagnosis in the majority 
of the population.

The literature searching was performed in July 2022 as 
guided by Boolean term search method using strategic key-
words involving “Atezolizumab” next to therapy, treatment, 
and the other synonyms toward “NSCLC” to imply the ana-
lyzed population in our review without restricting the possibly 
reported outcomes.

Studies’ quality control

An author qualitatively assesses the studies by randomization, 
and blinding-related variables. Every author will also second-
arily re-assess the assessment result and any discrepancies be-
tween opinions that are resolved through internal discussion 
and thorough re-evaluation before any final decision is made. 
Our quality control assessment using Jadad scale revealed that 
the included studies are reliable and eligible to be systemati-
cally reviewed with most of the studies scoring 3 out of 5 in the 
assessment session, as it is displayed in Table 1 [8-11].

Meta-analysis

The meta-analysis of this study was performed using RevMan 
5.4.1 software. We only statistically analyze the calculable 
variables as indicated by presence of both mean and stand-
ard deviation (SD) value for any agitation, cognition, and de-
pression score. The mainly utilized analysis models for that 
objective were continuous-type outcomes with both classic 
and standardized mean difference (MD), representing the in-
tervention’s impact toward those scoring methods. To value 
the significance level of each analysis within 95% confidence 
interval (CI), P value of < 0.05 was considered to be statis-
tically significant. Heterogeneity estimation of each analysis 
model was concluded by the I2 value, with < 30% represent-
ing “low heterogeneity”, followed by 30% to 50% and > 50%, 
which displayed the “moderate” and “substantial heterogene-
ity”, respectively. We also acknowledge that the model of our 
meta-analysis is also relatively uncommon in practice, since 
we basically compare the MD changes from each follow-up 
time period (e.g., baseline, directly after follow-up, or maxi-
mum follow-up duration in respective study). For that reason, 
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we believe that an approach toward time-progressive changes 
to measure the intervention’s effect on each outcome can be 
numerically estimated.

Results

We included four studies to be analyzed in the final analysis, 
which are carefully chosen to meet our goal and eligibility 
requirements as outlined in the procedure section, Figure 1 
shows the PRISMA 2020 algorithm with the study selection. 
Table 1 [8-11] summarized the findings from the four studies.

Extracted data elements encompass the stratified hazard 
ratio (HR) to statistically measure the comparison of the in-
stantaneous risk, with studies from West et al [8], 2019 ((HR): 
0.80 (95% CI (0.65 - 0.98)); Rittmeyer et al [9], 2017 ((HR): 
0.73 (95% CI (0.62 - 0.86)); Nishio et al [10], 2021 ((HR): 
0.86 (95% CI (0.71 - 1.04)), and Socinski et al [11], 2021 
((HR): 0.80 (95% CI (0.67 - 0.96)). Afterwards, we stratified 
into the PD-L1 expressivity status aside from the pooled in-

tention-to-treat (ITT) population (Fig. 2). We found the addi-
tion of atezolizumab may significantly improve the OS in the 
respective arm, remarkably among the high PD-L1 expression 
group (TC3 or IC3). The result of our meta-analysis presented 
the pooled OS of 0.79 (0.72, 0.87) in 95% CI with a P value 
of < 0.05.

Sub-analysis of the PD-L1’s expression revealed TC3 
population benefits the most (0.55 (0.42, 0.73)), compared to 
low (0.80 (0.68, 0.93)) and negative expression (0.79 (0.68, 
0.93)); which is statistically meaningful (P < 0.05). In Figure 
3, a similar result was also observed in PFS analysis, with the 
HR value of 0.63 (0.55, 0.72), and P value of < 0.05, favoring 
atezolizumab arm.

Discussion

Non-small cell lung carcinoma has a notorious reputation for 
being a poor prognostic, life-threatening disease, and it stems 
from the metastatic nature of the disease. Intricately woven 

Figure 1. PRISMA 2020 flow diagram. PRISMA: Preferred Reporting Items for Systematic Review and Meta Analyses.
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pathways are being relied on as a treatment opportunity, with 
multiple mutations that can coexist. The burden for treating 
lung cancer remains imminent, with the rising incidence and 
multitudes of treatment options available. Primary regiments 
have included targeted therapies in addition to chemotherapeu-
tic agents. In addition, first-line treatment recommendations 
are evolving to depend on histologic subtype and biomarker 
test results for a specified targeting treatment. Determining 
regiments requires a robust consideration of several aspects, 
such as the expected survival benefit, the impact on the quality 
of life, and the toxicity that the treatment might entail. The Na-

tional Comprehensive Cancer Network (NCCN) has provided 
a guideline in assessing which regiment corresponds best with 
the cell biomarker [7, 12].

The OS of the drug itself has been showcased as generally 
favorable in numerous previous research. When compared as a 
first treatment alongside chemotherapy, atezolizumab showed 
auspicious OS compared to sole chemotherapy. Furthermore, 
some patients that received chemotherapy as a first-line treat-
ment subsequently received the addition of targeted immu-
notherapy such as atezolizumab, proving its benefit further, 
marked with a longer OS, as much as a 3-month margin when 

Figure 2. Meta-analysis of PD-L1 status subscale of OS score. OS: overall survival; PD-L1: programmed cell death-ligand 1.

Figure 3. PFS analysis, with 95% CI on standardized mean difference. PFS: progression-free survival; CI: confidence interval.
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both treatments are in comparison [9, 13, 14]. Therefore, as an 
addition, this proves the succeeding advantage of the drug itself 
in prolonging the OS, as in one of the studies used in this analy-
sis, which marks the usage of atezolizumab by reducing mor-
tality risk and improvement by 4.7 months [8]. Immunologic 
response to targeted therapy of specifically atezolizumab has 
shown a heterogeneous population of neoantigen-specific CD8+ 
T cells with a late effector-like phenotype, vital in evaluating 
the predictive outcome of the disease with the drug interference, 
this finding is marked by relatively high expression of several 
activation markers (CD161, TIGIT, 2B4 and KLRG1) [15].

In aiding the primary treatment for cancerous diseases, 
atezolizumab occasionally has been given progression-free 
survival (PFS) as one of the primary goals, due to the disease’s 
complexity. As is the case in other cancers, the addition of at-
ezolizumab has a significantly longer PFS in comparison to 
those without the addition [16, 17].

Although some studies showed that OS is more favora-
ble because of its sensitivity in predicting the endpoint of can-
cer immunotherapy in NSCLC compared to PFS, even then 
atezolizumab showed significant improvement in PFS as an 
addition to the chemotherapy regimen, as far as doubling the 
result in comparison to chemotherapy alone [8, 17]. In spite 
of that, studies also have shown that PFS caused by the drug 
were not improved despite the positive OS. Reasons for that 
result might be due to an initial increase in tumor volume from 
increased immune infiltration, delayed antitumor activity, or 
antitumor immune activation beyond progression that might 
be sustained by continued treatment [9].

The findings of this study indicate that the subgroup of 
high PD-L1 expression benefited the most. With its correlation 
to the mechanism of the drug itself, it is established to prolong 
the OS within several months [8, 17], as low PD-L1 expres-
sion is associated with weak or no pre-existing anticancer im-
munity to begin with [8, 12]. On the contrary, the biomarker 
cannot necessarily be an atezolizumab treatment predictor 
when in combination with other targeted therapy. In combi-
nation with bevacizumab, the mechanism does not singularly 
interfere with cancer cell growth on its own. As atezolizumab 
blocks targeted PD-L1, thus enhancing T-cell priming through 
the cancer draining lymph node, bevacizumab on the other 
hand, inducts the expression of PD-L1 by reprogramming the 
microenvironment to an immune stimulatory state, improving 
the sensitivity to the PD-L1 inhibition, both creating a synergy 
through the usage of PD-L1 abundance [18]. As it is proven, 
whether it is in combination with platinum-based chemother-
apy or in comparison alongside of it, no clear trend was found 
in regards of PD-L1 expression levels, marked by the similar 
HR in all PD-L1 level subgroups or unreached median OS [8, 
10, 13]. However, in some cases, regardless of the levels, ICI 
can only go so far as an immunotherapy, as it does not present 
with any significant difference in OS [19].

As we examine the projected trajectory and potential ad-
vancements in this field over the next 5 years, it becomes clear 
that tackling NSCLC cannot rely solely on immunotherapy. 
Although it represents a breakthrough, the future of NSCLC 
treatments cannot be approached as a one-size-fits-all solution. 
The pharmacodynamics of drugs need to be tailored to match 
the innate biomarkers of each individual. In the case of atezoli-

zumab, it can prolong OS in the high PD-L1 subgroup, but this 
subgroup does not constitute the majority of the population. A 
combination of invasive treatments and immunotherapy may 
offer a solution.

Furthermore, the treatment of NSCLC may evolve into a 
type of therapy that can modify a host’s own cells to enable 
them to combat the disease. Adoptive cell transfer (ACT) in-
volves introducing a significantly higher quantity of antigen-
specific T cells than those naturally produced in the body, 
targeting antigens overexpressed in cancers, tumor-associated 
antigens (TAAs), which is in a limited expression in normal 
tissues. The procedure is called T cell receptor-engineered T 
cell (TCR-T) therapy, identifying those epitopes within the 
surface of the tumor cells [20]. One study displayed a favora-
ble result in the 5-year OS (P = 0.037; HR = 0.54; 95% CI, 
0.30) in treating an early-stage NSCLC for patients with an 
epidermal growth factor receptor (EGFR) mutation with a 
gefitinib adjuvant therapy. Although the treatment depends 
on the presented TCR repertoire, it still opens a window of 
possibilities of what a tailored combination treatment regimen 
might be [21].

The main limitation in this review is the lack of interven-
tion’s arm standardization that might lead to a more pinpointed 
treatment, as it is best when there is a unified regiment study 
involving atezolizumab. The diverse regiment significantly in-
fluences the challenge in reviewing this study as the measured 
results differ by regiment. Even so this study has proven sub-
stantial matter in explaining the split result and the factors that 
might affect it. Proceeding that, the creation of proper treat-
ment strategy guidelines is needed. Gender, drug history, and 
comorbidities should also be taken into account and studied 
further to figure the limits of the drug.

Albeit tentative to the combination that is being applied to 
and the biomarker environment of the cancer itself, the addi-
tion of atezolizumab thus far have proven to yield benefit onto 
the treatment setting of the NSCLC patient. Varying subgroups 
and with a consistent standardized measurement, that is pos-
sible to be meta-analyzed within the outcomes. Therefore, the 
addition of atezolizumab in oncologic treatment has a basic 
ground to be applied in a specifically tailored NSCLC regi-
ment.

Conclusions

By the statistical analysis that is displayed in this study, we 
believe that this study has proven the effectiveness of atezoli-
zumab in raising the PFS rate in NSCLC patients, solely with 
a high PD-L1 expression. Therefore, it is encouraged to es-
tablish atezolizumab as an addition for an auspicious first-line 
regiment, specifically in the high PD-L1 pool, although it is 
needed for a further investigation on the suitable regiment to 
the lower counterpart of the PD-L1 population.
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