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Abstract
The recent discovery of immune checkpoints inhibitors, 
especially anti-programmed cell death protein 1 (PD-1) 

and anti-programmed cell death protein ligand 1 (PD-L1) 
monoclonal antibodies, has opened new scenarios in the 
management of non-small cell lung cancer (NSCLC) and 
this new class of drugs has achieved a rapid development 
in the treatment of this disease. However, considering 
the costs of these drugs and the fact that only a subset 
of patients experience long-term disease control, the 
identification of predictive biomarkers for the selection of 
candidates suitable for treatment has become a priority. 
The research focused mainly on the expression of the 
PD-L1 receptor on both tumor cells and/or immune 
infiltrates determined by immunohistochemistry (IHC). 
However, different checkpoint inhibitors were tested, 
different IHC assays were used, different targets were 
considered (tumor cells, immune infiltrates or both) and 
different expression thresholds were employed in clinical 
trials. In some trials the assay was used prospectively to 
select the patients, while in other trials it was evaluated 
retrospectively. Some confusion emerges, which makes 
it difficult to easily compare the literature data and to 
translate them in practice management. This mini-review 
shows the possibilities and pitfalls of the PD-L1 expression 
to predict the activity and efficacy of anti PD1/PD-L1 
monoclonal antibodies in the treatment of NSCLC. 

Key words: Predictive biomarkers; Immunotherapy; 
Checkpoint inhibitors; Programmed cell death protein 
ligand 1; Non-small cell lung cancer
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Core tip: Use of programmed cell death protein ligand 
1 (PD-L1) assay to predict the outcomes of non-small 
cell lung cancer (NSCLC) patients treated with immune 
checkpoint inhibitors. This minireview underlines promises 
and pitfalls of the PD-L1 expression to predict the activity 
and efficacy of programmed cell death protein 1/PD-L1 
inhibitors in NSCLC.
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INTRODUCTION
Lung cancer is the leading cause of cancer-related 
deaths worldwide. Non-small cell lung cancer (NSCLC) 
accounts for more than 85% of primary lung cancers. 
Approximately two-thirds of NSCLC patients are dia
gnosed at an advanced stage and their prognosis 
remains poor[1].

The discovery of driver oncogene alterations such 
as epidermal growth factor receptor (EGFR) mutations, 
anaplastic lymphoma kinase (ALK) rearrangements, 
and identification of their targeted inhibitors, have 
dramatically improved the outcomes in highly sel
ected patients[2,3]. Conversely, the last generation 
chemotherapy regimens date back more than 15 years 
and, unfortunately, the clinical results obtained with this 
strategy have reached a plateau. 

The recent improvements in the knowledge of cancer 
immunoediting and the discovery of immune checkpoint 
inhibitors have led to new opportunities in the treatment 
of NSCLC and have paved the way to improve the 
outcomes for a considerable number of patients[4-6]. 
The immunoresponse, driven by T-lymphocytes, is 
regulated by a complicated balance between inhibitory 
checkpoints and activating signals. Some key immune 
checkpoint proteins have been identified: Cytotoxic 
T-lymphocytes antigen 4 (CTLA-4) and programmed 
death-1 (PD-1). In the priming phase, which occurs 
in lymph-nodes, the CTLA-4 receptor, located on the 
surface of the lymphocyte T cells binds the B7-receptor 
on the cellular membrane of the dendritic cell. In the 
effector phase, which occurs peripherally, the PD-1 
located on the cellular membrane of lymphocyte T cells, 
binds programmed cell death protein ligand 1 (PD-L1) 
and PD-L2, which are expressed by tumor cells, stromal 
cells, or both. These observations have led to the 
development of a monoclonal antibody-directed against 
CTLA4 and PD1/PD-L1 proteins such as ipilimumab 
(anti-CTLA-4), nivolumab and pembrolizumab (anti 
PD1), atezolizumab, durvalumab, avelumab (anti-
PD-L1). These new classes of drugs have gained a 
rising development in the treatment of NSCLC: So far, 
nivolumab, pembrolizumab and atezolizumab have 
been approved by the Food and Drug Administration 
for second-line treatment of advanced NSCLC. In this 
setting, all the above-mentioned drugs have shown 
a clear superiority in terms of activity and efficacy 
compared to standard chemotherapy. However, al
though well tolerated, these new drugs are highly 
effective only in a limited subset of patients; this fact, 

together with the high economic impact, has evidenced 
the need to identify of biomarkers able to select patients 
with the highest likelihood of benefit[7]. The attention 
of researchers and clinicians has focused mainly on the 
expression of PD-L1 on tumor cells and/or immune 
infiltrates determined by immunohistochemistry (IHC), 
since this protein seems to be critical in the PD-1/PDL-1 
pathway. Unfortunately, the heterogeneity of tests, 
targets and scores has produced conflicting results in 
the literature. 

ANTI-PD-1 ANTIBODIES
Nivolumab beyond first-line treatment
In a pivotal phase Ⅰ study published by Gettinger et al[8], 
296 patients with advanced solid tumors, including 
122 NSCLCs, were treated with an escalating dose of 
anti PD-1 antibody (BMS-936558). PD-L1 expression 
was evaluated by using a non-commercial anti PD-L1 
monoclonal antibody (5H1) in formalin-fixed tumor 
specimens and fresh tumor tissues. Positivity was defined 
as ≥ 5% tumor cell membrane staining in a minimum 
number of 100 evaluable cells. PD-L1 expression was 
retrospectively evaluated in 10 patients: None of the 5 
patients with negative tumors had an objective response 
whereas 1 out of 5 patients bearing positive tumors 
responded to treatment. This phase Ⅰ trial has been 
recently updated by recruiting an additional 129 patients 
who reported an overall response rate of 17%. A total 
of 68 samples were retrospectively tested for PD-L1 
expression: Patients with positive tumors achieved an 
overall response rate of 15%, a median progression 
free survival (mPFS) of 3.3 mo (95%CI: 1.8-7.5), and 
a median overall survival (mOS) of 7.8 mo (95%CI: 
5.6-21.7). Patients with negative tumors achieved an 
objective response rate of 14%, an mPFS of 1.8 mo 
(95%CI: 1.7-2.3), and a mOS of 10.5 mo (95%CI: 
5.2-14.8). Responses were obtained regardless of 
histology (squamous or non-squamous), EGFR and 
KRAS status, PD-L1 positivity or negativity. Conversely, a 
smoking history seemed to be an interesting parameter: 
patients smoking more than 5 pack-years did much 
better (overall response rate of 30% vs 0% for < 5 
pack-years). One intriguing observation, subsequently 
confirmed, was that some patients, who discontinued 
therapy for toxicity, maintained clinical remission in the 
absence of more than 9 months’ treatment (Table 1). 

In the CheckMate 063 multicenter phase Ⅱ study 
the nivolumab 3 mg/kg q 14 activity was evaluated 
in heavily pre-treated advanced squamous cell 
carcinoma of the lung[9]. The patient population was 
highly refractory to chemotherapy, with almost two-
thirds having previously received three or more 
systemic treatments. A total of 117 patients were 
enrolled: The overall response rate, evaluated by 
an independent radiology review Committee, was 
14.5% (95%CI: 8.7-22.2). Seventy-six tumors 
were retrospectively assessed for PD-L1 expression 
on formalin-fixed, paraffin-embedded (FFPE) 
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specimens with a commercially validated, automated 
immunohistochemical assay (Dako, Carpinteria, CA, 
United States) by using a 28-8 clone (rabbit anti-human 
PD-L1) with a 5% expression threshold to define 
PD-L1 positivity. Response rates were 24% and 14% in 
patients with positive vs negative tumors respectively 
(Table 1). 

In the CheckMate 017 phase Ⅲ trial a total of 
272 pre-treated patients with advanced squamous 
lung tumors were randomized to receive 3 mg/kg 
of nivolumab every 2 wk or 75 mg/m2 of docetaxel 
every 3 wk. The primary end-point was overall survival 
OS[10]. This pivotal trial demonstrated a statistically 
and clinically significant survival advantage in favor of 
immunotherapy with a reduction in risk death of 41% 
[hazard ratio (HR) = 0.59, 95%CI: 0.44 to 0.79, P < 
0.001]. The mOS was 9.2 mo (95%CI: 7.3 to 13.3) 
for nivolumab vs 6.0 mo (95%CI: 5.1 to 7.3) for 
docetaxel and the response rates were 20% and 9% 
respectively (P = 0.0008). PD-L1 protein expression 

was retrospectively evaluated in pretreatment tumor-
biopsies with the Dako assay and the response rate 
was compared at pre-specified expression levels of 1%, 
5% or 10%. The response rate was 17% in tumours 
with PD-L1 positivity ≥ 1%; this rate of response was 
indistinguishable from that observed in PD-L1 negative 
specimens (< 1%). The response rate was 21% in 
tumors with PDL-1 positivity ≥ 5% and 15% in tumors 
with PD-L1 < 5%. Ultimately, the response rates were 
19% and 16% in PD-L1 positive tumors ≥ 10% or 
< 10%, respectively (Table 1). It is noteworthy that 
the benefit of OS in this study was independent of the 
PD-L1 scores.

In the CheckMate 057 randomized phase Ⅲ trial, 
582 pretreated advanced non squamous NSCLC 
patients received 3 mg/kg of nivolumab every 2 wk or 
75 mg/m2 of docetaxel every 3 wk[11]. Also in this study, 
the primary end-point was OS; mOS in the nivolumab 
arm was significantly longer than in the docetaxel 
arm, 12.2 mo vs 9.4 mo, respectively; the overall 

Table 1  Correlation between nivolumab activity and outcome and programmed cell death protein ligand 1 immunohistochemestry score

Author/study Marker 
antibody

Tumor type Treatment 
line

PD-L1 cutoff N pts Response (%) mPFS mo (95%CI) mOS mo (95%CI)

Nivolumab
Gettinger et al[8] Dako 28-8 NSCLC > 2 ≥ 5 %   33 15 3.3 (1.8-7.5) 7.8 (5.6-21.7)
Phase Ⅰ < 5%   35 14 1.8 (1.7-2.3) 10.5 (5.2-14.8)
Rizvi et al[9] CM 063 Dako 28-8 Squamous ≥ 2 ≥ 5%   25 24 NR NR
Phase Ⅱ NSCLC < 5%   51 14 NR NR
Brahmer et al[10] Dako 28-8 Squamous  > 1 ≥ 10%   36 19 3.7 (NR) 11 (NR)
CM 017 NSCLC < 10%   81 16 2.3 (NR) 8.2 (NR)
Phase Ⅲ ≥ 5%   42 21 4.8 (NR) 10 (NR)

< 5%   75 15 2.2 (NR) 8.5 (NR)
≥ 1%   63 17 3.3 (NR) 9.3 (NR)
< 1%   54 17 3.1 (NR) 8.7 (NR)

Borgheai et al[11] Dako 28-8 Non squamous > 1 ≥ 10%   86 37 5.0 (NR) 19.9 (NR)
CM 057 NSCLC < 10% 145 11 2.1 (NR) 9.9 (NR)
Phase Ⅲ ≥ 5%   95 34 5.0 (NR) 19.4 (NR)

< 5% 136 14 2.1 (NR) 9.8 (NR)
≥ 1% 123 31 4.2 (NR) 17.7 (NR)
< 1% 108   9 2.1 (NR) 10.5 (NR)

Gettinger et al[12] Dako 28-8 NSCLC 1 ≥ 50%   12 50 NR NR
CM 012 < 50%   34 15 NR NR
Phase Ⅰ ≥ 25%   18 44 NR NR

< 25%   28 11 NR NR
≥ 10%   20 40 NR NR
< 10%   26 12 NR NR
≥ 5%   26 31 NR NR
< 5%   20 15 NR NR
≥ 1%   32 28 NR NR
< 1%   14 14 NR NR

Rizvi et al[13] CM012 Dako 28-8 NSCLC 1 ≥ 1%   23 48       6.0 (< 0.1+- 21.8) 20.2 (6.2-28.8+)
Phase Ⅰ < 1%   21 43 5.2 (0.9+-28.7+) 19.2 (4.5-29.7+)
Socinski et al[14] Dako 28-8 NSCLC 1 ≥ 5% NR 76.80 NR NR
CM 026 < 5% NR NR NR NR
Phase Ⅲ ≥ 25% NR 48.70 NR NR

< 25% NR NR NR NR
≥ 50% NR 32.50 NR NR
< 50% NR NR NR NR
≥ 75% NR 20.70 NR NR
< 75% NR NR NR NR

CM: CheckMate; NR: Not reported; pts: Patients; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death protein ligand 1; mPFS: Median 
progression free survival; mOS: Median overall survival.

Tibaldi C et al . Predictive role of PD-L1 in NSCLC treatment
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response rates were 19% with nivolumab and 12% 
with docetaxel. The PD-L1 protein was retrospectively 
assessed with the Dako assay in pre-treatment archival 
or recent tumor-biopsy specimens. The response rate 
was compared at pre-specified expression levels of 
1%, 5% and 10%. The response rate was 31% and 
9% in tumors with PD-L1 positivity ≥ 1% or < 1% 
respectively; the response rate was 36% and 10% 
in PD-L1 positive tumors ≥ 5% or < 5%, and the 
response rate was 37% or 11% in PD-L1 positive 
tumors ≥ 10% or < 10% respectively (Table 1).

Nivolumab for first-line treatment
In the CheckMate 012 study 52 treatment-naive 
advanced NSCLC patients received nivolumab at the 
dose of 3 mg/kg every 2 wk[12]. The response rate was 
23% and the efficacy data were very encouraging: 
mPFS was 3.6 mo and mOS was 19.4 mo. On the 
whole, tumor shrinkage was obtained independently 
of the PD-L1 expression; however, the greater the 
PD-L1 positivity increase, the higher the probability of 
response. Conversely, there was no clear association 
between mPFS and mOS and PDL-1 expression (Table 
1).

In the Rizvi et al[13]’s trial, patients with advanced 
NSCLC received 10 mg/kg of nivolumab every 2 wk 
in combination with cisplatin plus gemcitabine or 
pemetrexed or carboplatin plus paclitaxel; or, they 
received 5 mg/kg of nivolumab 5 mg/kg every 2 wk 
with carboplatin plus paclitaxel. The response rates were 
33% in the nivolumab plus cisplatin/gemcitabine group, 
47% in the cisplatin plus pemetrexed group, 47% in 
the carboplatin and paclitaxel group and 43% in the 
nivolumab 5 mg/kg plus carboplatin/paclitaxel group. 
In patients with PDL-1 expression ≥ 1%, the response 
rate was 48%, whereas in patients with PD-1 < 1% the 
response rate was 43%. No relationship was observed 
between PDL-1 expression and mPFS and mOS (Table 
1).

In the CheckMate 026 phase Ⅲ trial, patients with 
untreated advanced NSCLC and PD-L1 tumor positivity 
> 1% were randomized to receive 3 mg/kg IV of 
nivolumab 3 mg/kg IV every 2 wk or platinum-based 
chemotherapy every 3 wk for 6 cycles[14]. The primary 
end-point of the study was to demonstrate an improved 
PFS for patients with PD-L1 tumor-expression ≥ 5%. 
Median PFS was 4.2 and 5.9 mo with nivolumab and 
platinum-based chemotherapy, respectively (HR = 1.15, 
95%CI: 0.91-1.45, P = 0.25). Median OS was 14.4 mo 
for immunotherapy and 13.2 mo for chemotherapy. The 
preliminary results of this study presented at the ESMO 
meeting showed that the PD-L1 score did not predict 
the response rate (Table 1). 

Pembrolizumab beyond first-line treatment
KEYNOTE-001 was a large phase Ⅰ study with an NSCLC 
expansion cohort including a total of 495 advanced 
NSCLC patients who received 2 mg or 10 mg/kg of 

pembrolizumab every 3 wk or 10 mg/kg every 2 wk[15]. 
One hundred and eighty-two patients were assigned 
to the “training group” recruited to define the PD-L1 
positivity threshold on pre-treatment tumor biopsy 
(using the antibody clone 22C3-Dako-IHC assay). The 
remaining 313 patients were treated in the “validation 
group”. According to the data obtained from the training 
group, a PD-L1 tumor expression of 50% was identified 
as threshold of positivity. The validation group patients 
with a tumor PD-L1 score ≥ 50% had a response rate 
of 45.2% (95%CI: 33.5-57.3): This figure was 17% 
(95%CI: 9.9-25.1) in patients with a score 1%-49% 
and 3% (95%CI: 2.3-28.2) in patients with PD-L1 < 
1% (Table 2). Noteworthy, a deterioration of the PD-L1 
antigen was observed in tumor samples sectioned more 
than 6 mo before staining. The response rates were 
higher in former or current smokers compared to non-
smokers (22.5% vs 10.3%). Treatment was effective at 
all tested doses and schedules, therefore an every-3-wk 
schedule was chosen for the phase Ⅲ study.

These data were confirmed in a large prospective 
randomized phase Ⅱ/Ⅲ trial (KEYNOTE-010). This 
study enrolled 1034 previously treated PD-L1-positive 
NSCLC patients (PD-L1 expression ≥ 1% of tumour 
cells) and compared 2 mg or 10 mg/kg pembrolizumab 
every 3 wk vs 75 mg/m2 docetaxel every 3 wk in terms 
of OS and PFS[16]. PD-L1 expression was evaluated in 
the archival tumor samples of 456 patients, while new 
biopsy material was collected before a study entry 
for the remaining patients. No differences in mPFS 
emerged between immunotherapy and chemotherapy. 
Overall survival was significantly longer in both pem
brolizumab arms compared to the docetaxel arm: The 
HRs were 0.71 (95%CI: 0.58-0.88, P = 0.0008) and 
0.61 (95%CI: 0.49-0.75, P < 0.0001) respectively for 
the two dose-levels of pembrolizumab. However, in 
patients with PD-L1 positivity ≥ 50% the HRS for OS 
were 0.54 (P = 0.0002) in the pembrolizumab 2 mg/kg 
arm and 0.50 (P ≤ 0.0001) in the Pembrolizumab 
10 mg/kg treatment arm respectively; in addition, in 
this PD-L1 selected subgroup of patients also PFS was 
significantly longer than with chemotherapy (Table 2). 
In the total population, the response rates were 18% 
with pembrolizumab and 9% with docetaxel; in patients 
with PD-L1 positivity ≥ 50% the response rate was 
about 30%, while it was 8% in patients with tumors 
showing a PD-L1 expression level < 50% (Table 2). 
Consistent with the results from the nivolumab trials, 
pembrolizumab was more tolerable than docetaxel 
and did significantly better in both squamous and non-
squamous histology. Similarly, patients with EGFR 
mutated tumors seemed to have no survival advantage 
with immunotherapy over chemotherapy despite the 
small number of patients. 

Pembrolizumab in first-line treatment
The KEYNOTE-024 was a phase Ⅲ trial in which 
350 untreated NSCLC patients with a PDL-1 tumor 

Tibaldi C et al . Predictive role of PD-L1 in NSCLC treatment
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score of 50% or greater were randomized to receive 
pembrolizumab at a flat dose of 200 mg every 3 wk, 
or platinum-based chemotherapy for 4-6 cycles[17]. 
PD-L1 expression was assessed in formalin-fixed 
tumor specimens obtained at the time of diagnosis 
of the metastatic disease. Fine-needle aspirates were 
not considered appropriate. The primary endpoint 
of the study was PFS. A total of 1653 out of 1934 
screened patients had evaluable PD-L1 material, and 
500 (30.2%) patients had a PD-L1 positivity of 50% 
or greater. Median PFS was significantly longer in the 
pembrolizumab group [10.3 mo (95%CI: 6.7 to “not 
reached”)] than in the chemotherapy group [6.0 mo 
(95%CI: 4.2-6.2)] with HR for disease progression 
or death of 0.50 (95%CI: 0.37-0.68, P < 0.001). 
The overall response rate was 44.8% (95%CI: 
36.8%-53.0%) in the pembrolizumab group and 27.8% 
(95%CI: 20.8%-35.7%) in the chemotherapy group. 
At the time of the second interim analysis, OS was 
significantly longer with immunotherapy (HR for death: 
0.60, 95%CI: 0.41-0.89, P = 0.005). 

In the KEYNOTE-021 phase Ⅱ trial, a total of 123 
treatment-naive advanced non-squamous NSCLC 
patients were randomized to receive 4 cycles of pem
brolizumab (200 mg flat dose) plus carboplatin (AUC 
5) and pemetrexed (500 mg/m2) every 3 wk, followed 
by pemetrexed and pembrolizumab for 2 years, or to 
undergo the same strategy without pembrolizumab[18]. 
Randomisation was stratified by PDL-1 tumor proportion 
score (< 1% vs ≥ 1%) assessed by the IHC 22C3 clone 
(Dako North America) in formalin-fixed tumour samples 
obtained at the time of diagnosis of metastatic disease. 
The primary end-point was the proportion of patients 
achieving an objective response. The response rate 
was 55% (95%CI: 42%-68%) in the pembrolizumab 
plus chemotherapy arm and 29% (95%CI: 18%-41%) 
in the standard arm with a 26% of difference in the 
response rate thus reaching statistical significance 
(95%CI: 9%-42%, P = 0.0016). In the experimental 
arm the response rate was 57% (95%CI: 34%-79%) 

in patients with a PDL-1 tumor score < 1% and 54% 
(95%CI: 37%-70%) in patients with a PDL-1 score of 
1% or greater. Nevertheless, the probability of response 
increased according to the PD-L1 positivity level: 29% 
response rate in patients with PDL-1 positive tumors 
ranging from 1% to 49% and 80% response rate in those 
patients whose tumors scored 50% or greater (Table 
2). Median PFS was longer with Pembrolizumab plus 
chemotherapy [13 mo (95%CI: 8.3 to “not reached”)] 
with respect to chemotherapy alone [8.9 mo (95%CI: 
4.4-10.3 mo)] with an HR of 0.53 (95%CI: 0.31-0.91, P 
= 0.01). However, no difference was observed in OS (HR 
= 0.90, 95%CI: 0.41-1.91, P = 0.39). 

Anti- PD-L1 monoclonal antibodies
Atezolizumab
In the paper by Herbst and colleagues a total of 277 
patients with advanced cancer were treated with 
escalating doses of MPDL3280A intravenously every 3 
wk[19]. In advanced NSCLC patients (53/277 in total) 
the overall response rate was 21%. In this case PD-L1 
was determined by using a novel IHC assay (Ventana 
SP142 North America) and positivity was categorized 
according to the expressing cell type [tumor cell (TC) 
or immune cell (IC)] and then scored along a gradient 
[< 1% (TC0 or IC0), 1%-4% (TC1 or IC1), 5%-49% 
(TC2) or 5%-10% (IC2), and ≥ 50% (TC3) or <10% 
(IC3)]. A relationship was observed between PD-L1 
scores and response rate: 83% of patients with score 3 
responded to treatment, while only 20% of those with 
scores 0-2 obtained a remission (Table 3). However, not 
surprisingly, also 20% of patients with score 0 achieved 
a clinical response. In the subsequent randomized 
phase Ⅱ study (POPLAR) atezolizumab was compared 
to docetaxel, in terms of OS, in 285 pretreated ad
vanced NSCLCs[20]. Patients were stratified according 
to the PD-L1 expression that was determined on TC 
as well as on IC by using the SP142 PD-L1 IHC assay 
(Ventana Medical Systems, Tucson, AZ, United States). 
The IHC scores were defined as follows: Score 0 = 

Table 2  Correlation between pembrolizumab activity and outcome and programmed cell death protein ligand 1 immunohistochemestry 
score

Author/study Marker 
antibody

Tumor type Treatment line PD-L1 cutoff N pts Response mPFS
 mo (95%CI)

mOS
mo (95%CI)

Pembrolizumab
Garon et al[15] KN001 Dako 22C3 NSCLC ≥ 1 ≥ 50%   73       45.20%   6.4 (4.2-NR)   NR (NR-NR)

1%-49% 103 17%  4.1 (2.3-4.4) 10.6 (7.3-NR)
< 1%   28   3%     4 (2.1-6.2) 10.4 (5.8-NR)

Herbst et al[16] KN010 Dako 22C3 NSCLC ≥ 2 ≥ 50% 290 30%   14.9 (10.4-NR)  5.0 (4.0-6.9)
1%-49% 400 10%   17.3 (11.8-NR)  5.2 (4.1-8.1)

Reck et al[17] KN024 Dako 22C3 NSCLC 1 ≥ 50% 305       44.80% 10.3 (6.7-NR) NA
Phase Ⅲ
Langer et al[18] KN021 Dako 22C3 Non squamous 1 ≥ 50%   20 80% 13 (8.3-NR) NA
Phase Ⅲ NSCLC 1%-49%   19 29%

< 1%   21 57%

KN: KeyNote; NR: not reported; pts: Patients; NA: Not available; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death protein ligand 1; 
mPFS: Median progression free survival; mOS: Median overall survival.
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PD-L1 expression on IC or TC < 1%; score = 1 TC or 
IC PD-L1 positivity between ≥ 1 and < 5%; score = 
2 positivity between ≥ 5 and < 50% on TC or PD-L1 
expression on IC between ≥ 5 and < 10%; score = 
3 PD-L1 positive TC ≥ 50% or PD-L1 positive IC ≥ 
10%. Median OS in the atezolizumab arm was 12.6 
mo (95%CI: 9.7-16.4) compared to 9.7 mo (95%CI: 
8.6-12.0) in the docetaxel arm (HR = 0.73, 95%CI: 
0.53-0.99; P = 0.04). Overall survival improves 
according to the PD-L1 score level: TC3 or IC3 HR 
0.49, TC2/3 or IC2/3 HR 0.54, TC 1/2/3 or IC1/2/3 HR 
0.59; TC0 or IC0 HR 1.04. PFS also varied according 
to the different PD-L1 subgroups, but the differences 
did not reach any statistical significance (Table 3). In 
the immunotherapy arm the overall response rate was 
37.5%, 22.0%, 18.3% and 16.7% in TC3 or IC3, TC2/3 
or IC2/3, TC 1/2/3 or IC1/2/3. In the subgroup TC0 or 
IC0, the response rates were similar (14.6%) in both 
arms (Table 3). 

In the phase Ⅲ OAK trial, patients with squamous or 
non-squamous advanced NSCLC, pretreated with one or 
two chemotherapy regimens, were randomly assigned 
to 1200 mg of atezolizumab or 75 mg/m2 of docetaxel 
every 3 wk[21]. The primary endpoint was OS. The mOS 
was 13.8 mo (95%CI: 11.8-15.7) in the atezolizumab 
arm and 9.6 mo (95%CI: 8.6-11.2) in the docetaxel 
arm (HR = 0.73, 95%CI: 0.62-0.87, P = 0.0003). 
Median OS was also analyzed according to the criteria 
of the previous study (20): In the TC1/2/3 or IC1/2/3 
populations OS was 15.7 mo (95%CI: 12.6-18.0) with 
atezolizumab vs 10.3 (95%CI: 8.8-12.0) with docetaxel 
(HR = 0.74, 95%CI: 0.58-0.93, P = 0.0102) and in the 
TC0 or IC0 groups mOS was 12.6 mo vs 8.9 mo with 

atezolizumab and docetaxel respectively (HR = 0.75, 
95%CI: 0.59-0.96). In the intention to treat population 
PFS did not differ between the two arms (HR = 0.95, 
95%CI: 0.82-1.10, P = 0.4928) and in the different 
PD-L1 subgroups. Objective responses for atezolizumab 
were 30.6% in the TC3/IC3 subgroup, 22.5% in the 
TC 2/3 or IC 2/3 aubgroups, 17.8% and 7.8% in 
the TC 1/2/3 or IC1/2/3 and TC0 or IC0 subgroups, 
respectively (Table 3). 

In phase Ⅱ Birch trial patients with advanced 
NSCLC received atezolizumab in first or subsequent 
line of treatment at a flat dose of 1200 mg every three 
weeks[22]. The PDL-1 expression was evaluated by using 
the Ventana SP142 IHC assay and the study enrolled 
only patients with PDL1 expression > 5% in tumor cells 
or in immune cells (TC2/3 or IC 2/3). Efficacy data in 
the first line setting have been reported in a recent 
update[23]. Patients with PDL-1 TC3 or IC3 showed a 
34% response rate and a mOS of 26.9 mo; PDL-1 
TC2/3 or IC2/3 scores had an overall response rate of 
25% and a mOS of 23.5 mo, and patients with PDL-1 
TC2 or IC2 scores had an overall response rate of 18% 
and a mOS of 23.5 mo (Table 3). 

Durvalumab
An ongoing phase 1/2 study is evaluating the safety 
and efficacy of durvalumab in patients with advanced 
NSCLC or with other solid tumor types[23]. Durvalumab 
was administered at 10 mg/kg every two weeks in 
previously untreated advanced NSCLC. Fifteen patients 
were initially enrolled regardless of the PD-L1 status. 
After a protocol amendment, enrolment was restricted 
to PD-L1 positive patients. PD-L1 status was assessed 

Table 3  Correlation between atezolizumab activity and outcome and programmed cell death protein ligand 1 immunohistochemestry 
score

Author/study Marker antibody Tumor 
type

Treatment 
line

PD-L1 cutoff N pts Response (%) mPFS mo 
(95%CI)

mOS mo 
(95%CI)

Atezolizumab NR NR
NR NR
NR NR
NR NR

Herbst et al[19] Ventana SP142 NSCLC ≥ 2 Score 3     6 83    7.8 (2.7-12.3) 15.5 (9.8-NA)
Phase Ⅰ Score 2     7 14 3.4 (1.4-6.9) 15.1 (8.4-NA)

Score 1   13 15 3.0 (2.8-4.1)   15.5 (11.1-NA)
Score 0   20 20 4.1 (2.7-5.6)    9.7 (6.7-12.0)

Fehrenbacher et al[20] POPLAR Ventana SP142 NSCLC ≥ 2 Score 3   24      37.50 4.2 (2.9-7.0)    20.5 (17.5-NA)
Phase Ⅱ Score 2   50      22.00 4.1 (2.8-5.3)    16.3 (13.3-20.1)

Score 1   93      18.30 4.1 (2.9-4.3)    15.7 (12.6-18.0)
Score 0   51      14.60 4.0 (3.1-4.2)  12.6 (9.6-15.2)

Rittmeyer et al[21] Ventana NSCLC ≥ 2 Score 3   72      30.60   7.3 (4.9-12.0)   26.9 (12.0-NA)
OAK SP142 Score 2 129      22.50  7.3 (5.7-9.7)   23.5 (18.1-NA) 
Phase Ⅲ Score 1 241      17.80

Score 0   80        7.80  7.6 (4.0-9.7)   23.5 (18.1-NA)
Wakelee et al[22] and Antonia et al[23] Ventana NSCLC 1 Score 3   65 34
BIRCH SP142 TC2/3 or IC2/3 138 25
Phase Ⅱ Score 2   73 18

Score 3: PDL1 expression levels TC3 or IC3 (≥ 50% on TC or ≥ 10% on IC); Score 2: TC2 or IC2 (≥ 5%-< 50% on TC or ≥ 5% -< 10% IC); Score 1: TC1 or IC1 (≥ 
1% - < 5% on TC or IC); Score 0: TC0 and IC0 (< 1% on TC and IC). IC: Tumor-infiltrating immune cell; TC: Tumor cell; NR: Not reported; pts: Patients; NA: 
Not available; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death protein ligand 1; mPFS: Median progression free survival; mOS: Median 
overall survival.
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with the companion Ventana SP263 assay. PD-L1 
positivity was defined as a tumor cell membrane 
staining of ≥ 25%. A total of 59 patients (48 PD-L1 
positive; 9 PD-L1 negative) were included in the trial. 
The overall response rate was 25% in PDL-1 positive 
patients and 12% in PDL-1 negative patients (Table 4).

Avelumab
A phase-1b trial was designed to investigate the safety 
and activity of avelumab (MSB0010718C) in patients 
with advanced NSCLC progressing after platinum-based 
chemotherapy[24]. Patients were treated with avelumab 
at 10 mg/kg every two weeks. Tumor PD-L1 expression 
was assessed by immunohistochemistry. Objective 
responses were observed in 22 patients [12% (95%CI: 
7.6%-17.5%)], while 70 patients (38%) achieved 
a stable disease. Median PFS was 11.6 wk (95%CI: 
8.4-12.1). One hundred and eighteen (86%) evaluable 
patients were PDL1 positive (1% threshold of positivity). 
The overall response rate was 14.4% and 10.0% in 
PD-L1 positive and negative tumors, respectively. 
Median PFS in PD-L1 positive patients was 11.7 wk and 
5.9 in PD-L1-negative patients. 

The safety and activity of avelumab in chemo
therapy-naive advanced NSCLC patients were inve
stigated in a phase 1b trial[25]. Patients received 10 
mg/kg of avelumab IV every 2 wk; PD-L1 expression 
was assessed by IHC with ≥ 1% positivity threshold 
on tumor cell staining. The overall response rate was 
18.7% (95%CI: 10.6, 29.3) and a disease stabilization 
was reported in 34 patients (45.3%). In 35 PD-L1 
positive tumors the overall response rate was 20.0%; 
no patients with PD-L1 negative tumors achieved a 
response. Median PFS was 11.6 wk (95%CI: 6.7-17.9) 
for all treated patients (Table 4). 

CONCLUSION
The literature data have clearly shown that immune 
checkpoint inhibitors might represent an important 
therapeutic option for NSCLC patients. However, in spite 
of exciting overall treatment outcomes, a considerable 

number of patients failed to achieve long-term clinical 
benefit.

Since the cost of these molecules impacts sig
nificantly on health care systems, the identification 
of predictive biomarkers to select patients who are 
more likely to benefit is a challenging area of ongoing 
research. The PD-L1 expression was early identified 
as potential indicator of benefit and the literature on 
this topic is plentiful. Several critical aspects might 
explain the conflicting results shown in clinical trials 
by using retrospective or prospective PD-L1 assays. 
Some of these results are strictly related to the PD-L1 
nature, while others derive from the methodologies 
and material that have been used for testing. PD-L1 
is a constitutively but also a functionally inducible 
receptor/ligand potentially expressed by tumor cells, 
stromal cells, inflammatory cells at tumor sites; it 
is heterogeneous and subject to pre-analytical vari
ables. Furthermore, its expression is continuously 
distributed, it has varied significantly over time and 
may be affected by concurrent or prior treatments 
(radiation or chemotherapy)[26-28]. Classical predictive 
biomarkers such as hormone receptors, HER2 protein 
over-expression or gene amplification, EGFR activating 
mutations and ALK rearrangements are always present: 
These indicators define more clearly distinct tumor 
subgroups with different biology and clinical behavior. 
The PD-L1 expression is very dynamic, according to 
a constantly evolving immune response. Therefore, 
questions regarding reliability, consistency, feasibility 
and selection of an expression as a threshold remain 
artificial and controversial. This might explain why 
a significant proportion of PD-L1 negative patients 
benefited from treatment with immunotherapy in all 
studies. Conversely, even in highly PD-L1 selected 
cohorts, 25% to 50% of patients achieved no benefit. 
Moreover, it is not clear whether PD-L1 positivity has 
a different effect on outcome/response to treatment, 
compared to PD-L1 positivity on immune cells. PDL-1 
expression was evaluated in tumor cells in the majority 
of studies. The immunoresponse is a delicate balance 
between inhibitory checkpoints and activating signals 

Table 4  Correlation between durvalumab and avelumab activity and outcome and programmed cell death protein ligand 1 immuno
histochemestry score

Author/study Marker antibody Tumor type Treatment line PD-L1 cutoff N pts Response (%) mPFS mo (95%CI) mOS mo (95%CI)

Durvalumab
  Gulley et al[24] Ventana SP263 NSCLC 1 ≥ 25%   43 25
  Phase 1/2 < 5%     8 12
Avelumab
  Verschraegen et 
  al[25]

? NSCLC ≥ 2 ≥ 1% 118      14.40 11.7 wk NR

  Phase 1b < 1%   20 10 5.9 wk NR
  Sheng et al[26] ? NSCLC 1 ≥ 1%   35 20 NR NR
  Javelin < 1%   10 0 NR NR
  Phase Ib

NR: Not reported; pts: Patients; NSCLC: Non-small cell lung cancer; PD-L1: Programmed cell death protein ligand 1; mPFS: Median progression free 
survival; mOS: Median overall survival.
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such as LAG-3, OX40, etc. The discovery of these 
proteins has paved the way to new therapy strategies, 
whereas their potential predictive role as biomarkers of 
immunoresponse is actually unknown.

Technical aspects may also result in inconsistent 
data; tissue fixation, storage, and antigen recovery are 
not standardized. The quality of commercially available 
antibodies is also a reason for concern: The PD-L1 
diagnostic test for nivolumab (Dako 28-8 pharmDx), 
pembrolizumab (Dako 22C3 pharmDx), atezolizumab 
(Ventana SP142) and durvalumab (Ventana SP263) 
showed variability in staining intensity and patterns 
creating uncertainties and doubts for their use in 
everyday practice. To address these concerns, som
eyears ago a task force was set up, formed by phar
maceutical companies, by representatives from Dako 
and Ventana, and by the scientific companies FDA, 
AACR, ASCO and IASCLC (International Association for 
the Study of Lung Cancer). The aim was to compare 
the performance of the four major PD-L1 companion 
assays. The recently published results of the pilot phase 
of the “Blueprint PDL1 IHC assay comparison project”[29] 
indicates that interchanging assays and cut-offs will 
lead to the misclassification of PD-L1 status for some 
patients, and therefore more data are required. 

Summing up, the PD-L1 expression is likely to be 
related to the curative efficacy of immune checkpoint 
inhibitors. However, its role seems to be more informative 
in terms of probability and magnitude of the treatment 
effect rather than prediction of the effect itself, given that 
none of the available assays can conclusively identify 
non-benefitting patients. 
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