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Lung cancer is the first cause of cancer deaths worldwide (1).
Nowadays, treatment landscape of non-small cell lung
cancer (NSCLC) is rapidly changing by the introduction of
immune-checkpoint inhibitors (2,3). Programmed death-1
(PD-1), a key immune-checkpoint receptor expressed
by activated T cells, down-regulates immune responses
through binding to its ligand, programmed death ligand-1
(PD-L1). PD-L1 is expressed by tumor cells (T'Cs), tumor-
infiltrating immune cells (ICs), or both (4). The US Food
and Drug Administration (FDA) approved three immune-
checkpoint inhibitors, the two anti-PD-1 nivolumab and
pembrolizumab and the anti-PD-L1 atezolizumab, with
substantial improvement in the management of NSCLC,
both in first- (5) and second-line setting (2,3,6-8).

Pembrolizumab is the current front-line treatment for
patients with PD-L1 strongly positive (>50%) advanced
NSCLC based on the results of the phase III Keynote
024 trial (5). The study showed significant improvement
in terms of overall response rate (ORR), progression
free survival (PFS) and overall survival (OS) for patients
receiving pembrolizumab compared to individuals treated
with conventional platinum doublets. Interestingly, different
results were observed in the Checkmate 026, a phase III
study comparing conventional chemotherapy to nivolumab
in NSCLC patients expressing PD-L1 >1%. The study
failed to demonstrate any superiority of nivolumab over
chemotherapy, highlighting the relevance of PD-L1 testing
for selection of patients candidate to immunotherapy (9), at
least in front line setting.

Atezolizumab, a humanized IgG1 monoclonal anti-
PD-L1 antibody, binds PD-L1 and inhibits PD-L1-
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mediated signaling. The drug demonstrated efficacy in
various solid tumors and it was first approved for the
treatment of patients with locally advanced or metastatic
urothelial carcinoma who progressed to front-line platinum-
containing chemotherapy or with urothelial bladder cancer
unsuitable for cisplatin (10,11). Moreover, this agent is the
first anti-PD-L1 antibody demonstrating efficacy in pre-
treated advanced NSCLC patients (7,8). Two international,
randomized, open-label trials, the phase II POPLAR (7)
and the phase III OAK study (8), clearly demonstrated
the efficacy and safety of the drug when used in second
line setting, leading to FDA and, more recently, European
Medicines Agency (EMA) approval. In the POPLAR trial,
comparing atezolizumab to docetaxel in NSCLC patients
who failed platinum-doublet chemotherapy, atezolizumab
prolonged median OS [12.6 vs. 9.7 months; hazard ratio
(HR) =0.73; P=0.04] and median duration of response (DoR,
14.3 vs. 7.2 months), with no difference in terms of PFS
(2.7 vs. 3.0 months) and ORR (15% in both arms) (7). In
the trial, PD-L1 expression levels in both TCs and tumor-
infiltrating ICs were evaluated by immunohistochemistry
(IHC) using Ventana PD-L.1 SP142 clone. Interestingly,
the greatest benefit in terms of response and survival was
observed in patients with high levels of PD-L1 expression
receiving atezolizumab (ORR: 38% wvs. 8%; OS: 15.5 vs. 11.1
months, P=0.068). These results were further replicated in
the phase III OAK trial. In the study, patients treated with
atezolizumab lived longer than those treated with docetaxel
(13.8 vs. 9.6 months; HR =0.73; P=0.0003), even in absence
of any improvements in terms of ORR or PFS. Patients
enrolled were also stratified according to PD-L1 expression
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levels in T'Cs and ICs using the SP-142 IHC assay. Notably,
survival was improved irrespective of PD-L1 expression,
as demonstrated in PD-L1 low or undetectable population
defined as TCO and ICO according to Ventana PD-L1
SP142 clone scoring system (OS was 12.6 vs. 8.9 months
in atezolizumab and docetaxel arm respectively; HR =0.75,
P=0.0215). However, patients categorized as TC3/IC3
(PD-L1 expression on T'Cs 50% or 10% on ICs) performed
best (OS HR =0.41) (8). Another trial, the phase II FIR,
explored the activity of atezolizumab as initial therapy in
NSCLC with moderate or high PD-L1 expression (T'C2/3
or IC 2/3) reporting an ORR of 29% and an OS was
9.5 months (12). More recently, Roche announced
that phase III IMpowerl50 met its primary endpoint,
demonstrating that addition of atezolizumab to front line
carboplatin/paclitaxel/bevacizumab combination reduced
the risk of progression in PD-L1 unselected NSCLC (13).
In a recent issue of The Fournal of Clinical Oncology,
Peters and colleagues reported results of the BIRCH trial,
a phase II, single-arm, multicenter trial designed to assess
the efficacy and safety of atezolizumab as first or subsequent
line of therapy in patients with PD-L1 selected, advanced
NSCLC (14). Notably, PD-L1 expression was evaluated
and scored using the same system of the POPLAR and
OAK trials. Overall, 667 patients were divided into three
cohorts: cohort 1 chemotherapy-naive patients (1L),
cohort 2 one prior platinum-based regimen (2L), cohort
3 at least two prior chemotherapy regimens (3L). Patients
allocated in cohort 1 received atezolizumab until disease
progression or unacceptable toxicity, whereas in cohorts 2
or 3 patients were allowed to continue beyond progression
at investigator’s discretion. The study met its primary
end-point of significant ORR versus historical controls;
independent review facility (IRF)-assessed ORR was 22%
for cohort 1, 19% for cohort 2 and 18% for cohort 3. As
expected, ORR was higher in the PD-L1 TC3 (50%) or
IC3 (10%) subgroups (31%, 26%, 27%, respectively).
Median DoR was 9.8 months, not estimable and
11.8 months and median PFS was 5.4, 2.8 and 2.8 months,
for 1L, 2L and 3L, respectively. With the exception of
1L, in the other two cohorts PES correlated with PD-L1
expression levels (2.6 months in overall population vs.
4.0 months in TC3/IC3 subgroup in cohort 2; 2.7 wvs.
4.1 months, respectively, in cohort 3). Median OS was
23.5 months for chemotherapy-naive patients, 15.5 months
for patients treated in second-line and 13.2 months for
patient treated in third line. The OS benefit was maintained
in all cohorts and seemed independent of PD-L1 expression
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(26.9 in 1L, 16.6 in 2L and 17.5 months in 3L in TC3/
IC3 subgroup). Interestingly, 8% of the entirely population
harbored Epidermal growth factor receptor (EGFR) mutations
and responses occurred both in wild type and EGFR
mutated NSCLC across the three cohorts. Safety profile
was consistent with previous studies and most common
serious adverse events (AEs) were pneumonia (4%), dyspnea
(3%), pneumonitis (2%), with 7% of patients discontinuing
immunotherapy due to toxicity. These results confirmed
that atezolizumab treatment derives in a clinical meaningful
OS improvement in relation to chemotherapy historical
controls. In addition, the BIRCH trial first showed the
clinical benefit of this agent in first line PD-L1 selected
advanced NSCLC, confirming preliminary data of the FIR
trial (12), with an OS of approximately 2 years. Recently
at World Conference on Lung Cancer 2017, Carcereny and
colleagues presented updated efficacy results from the 138
patients in cohort 1 at a median follow-up of nearly 3 years.
In all population ORR, PES and OS were 26%, 7.6 and
24.0 months, respectively. Among the patients with TC3/
IC3 PD-L1 expression (47% of all patients), ORR was
35%, PFS 7.3 months and OS was 26.9 months (15).

Take into account BIRCH findings reinforce two
assumptions. First, immunotherapy is more effective when
given early during the course of the disease. Hence, also in
the Keynote 024 trial, PFS2 calculated from trial inclusion
to failure of the second-line therapy significantly favored
patients receiving immunotherapy first compared to the
opposite sequence of chemo followed by immunotherapy
(18.3 vs. 8.4 months; HR =0.54; P<0.001) (16). Second,
immunotherapy is effective in pretreated NSCLC
regardless PD-L1 expression, as demonstrated in previous
trials (2,6,8). Data from the POPLAR, BIRCH and OAK
clearly establish atezolizumab as a valid therapeutic option
to offer in second or further line (7,8,14). Main results from
atezolizumab studies are reported in Figure 1.

However, the efficacy of atezolizumab deserves
confirmation in some special populations including
patients with brain metastases (BMs) or with oncogene
addicted NSCLC. As presence of BMs was a key exclusion
criterion for BIRCH, the only available data come from
the OAK trial in which patients with treated asymptomatic
supratentorial BMs were eligible. Although in the subgroup
of 85 patients with BM seemed to derive benefit from
atezolizumab treatment (HR =0.54; 95% CI, 0.31-0.94,
P=0.0279) (8), the optimal positioning of immunotherapy
in the management of intracranial disease remains an open
question. Similarly, there is no consensus on the role of
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ORR (%) Median PFS (months) Median OS (months)

FIR (12) Cohort1 Cohort2 Cohort3 Cohort1 Cohort2 Cohort3 Cohort1 Cohort2 Cohort3
All (TC2/3, IC 2/3) 29 17 17 - - - - - -
TC3orIC3 29 27 25 - - - - - -

BIRCH (14) Cohort1 Cohort2 Cohort3 Cohort1 Cohort2 Cohort3 Cohort1 Cohort2 Cohort3
All (TC2/3, IC 2/3) 22 19 18 5.4 2.8 2.8 20.1 15.5 13.2
TC3 or IC3 31 16 27 5.6 4.0 41 NE 15.1 17.5

POPLAR (7) Atezolizumab  Docetaxel Atezolizumab Docetaxel Atezolizumab  Docetaxel
All 15.3 14.7 2.7 3.4 12.6 9.7
TCO or ICO 7.8 9.8 1.7 4.1 9.7 9.7
TC1/2/3,1C 1/2/3 19.4 16.7 2.8 3.0 15.1 9.2
TC2/3,1C 2/3 24.0 145 3.4 2.8 15.1 7.4
TC3orIC3 M7 13.0 7.8 3.9 NE 11.1

OAK (8) Atezolizumab  Docetaxel Atezolizumab Docetaxel Atezolizumab Docetaxel
All 14 13 2.8 4.0 13.8 9.6
TCO or ICO 8 11 2.6 4.0 12.6 8.9
TC1/2/3,1C 1/2/3 18 16 2.8 44 15.7 10.3
TC2/3,1C 2/3 22 13 4.1 3.6 16.3 10.8
TC3or IC3 31 11 4.2 3.3 20.5 8.9

Figure 1 Atezolizumab efficacy in phase II and III studies (7,8,12,14).

overall survival; IC, immune cell; TC, tumor cell.

immunotherapy in EGFR mutated NSCLC, as in general
agreement oncogene addicted NSCLC are considered
poor responders (2,3,8,17). Although data from BIRCH
suggested a potential benefit even in presence of EGFR
mutation, the small number precluded any conclusions.

In conclusion, data from all available trials justify
the approval of atezolizumab in the second- or further-
lines treatment regardless of PD-L1 expression. Others
biomarkers should be further investigated to refine selection
of patients candidate to second line immunotherapy. On the
other hand, combination of atezolizumab and chemotherapy
could become a new treatment option in first-line advanced
NSCLC, given the definitive results from phase III
IMpowerl50 trial.
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