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Treatment options and clinical outcomes for non-small cell 
lung cancer (NSCLC) have recently been transformed with 
the introduction of immune checkpoint blockade (ICB), 
including antibodies targeting programmed cell death-1 
(PD-1) and programmed death-ligand 1 (PD-L1). In 
advanced NSCLC patients with no epidermal growth factor 
receptor (EGFR) and anaplastic lymphoma kinase (ALK) 
genomic tumour aberrations, anti-PD-1/PD-L1 given 
either as a monotherapy or combined with chemotherapy 
had superior efficacy over standard chemotherapy (1). 
Accordingly, nivolumab (OPDIVO, Bristol-Myers 
Squibb) (2); pembrolizumab (KEYTRUDA, Merck Sharp 
& Dohme) (3); atezolizumab (TECENTRIQ, Roche/
Genentech) (4); and durvalumab (IMFINZI, MedImmune/
AstraZeneca) (5) have achieved regulatory approval for 
advanced NSCLC (Table 1). These agents are expensive and 
have side effects that may lead to life-threatening toxicity. 
To maximise clinical benefits and spare unnecessary cost and 
toxicity, the challenge remains to stratify patients so that the 
most appropriate treatment options are selected. To achieve 
this, along with regulatory approval, immunohistochemistry 
(IHC) for PD-L1 expression was also approved as either a 
companion or complementary diagnostic test (Table 1).

Although PD-L1 testing is now established as a routine 
clinical practice, challenges remain. Clinical trial data 
showed not all patients with high PD-L1 expression 
responded to PD-1/PD-L1 blockade, and responses were 
observed in PD-L1 low, or even PD-L1 negative patients 
(11,14,17,20). By contrast, biomarkers such as EGFR and 

ALK typically guide clinical management with clear binary 
results as either positive or negative. PD-L1 testing differs 
as the staining is often heterogeneous. PD-L1 is expressed 
transiently on various cell types in the tumour, and rarely 
only on cancer cells. More importantly, its expression can 
alter when tumour cells encounter immune effector cells 
in the tumour microenvironment and may be affected 
by previous treatment such as chemotherapy or targeted 
drug therapy. Another critical factor is the variable PD-L1 
staining cut-off used in different clinical trials (6,7,9,10,21); 
this can affect the response rate. For example, in the 
KEYNOTE-024 trial (6), in which pembrolizumab was 
shown to be superior to platinum-based chemotherapy, 
the PD-L1 tumour proportion score (TPS) was ≥50%. 
However, in the CheckMate 026 trial, in which the TPS 
was ≥1% (21), there was no difference in the response 
rate. Furthermore, how PD-L1 staining is quantified 
can be influenced by various factors including site and 
method of biopsy, which antibody is used, and the staining 
methodology, including which platform is used in the IHC 
assay and which cell type/s are included in the analysis 
(Figure 1). This review will primarily discuss these major 
challenges of PD-L1 testing in clinical practice and update 
the results regarding biomarker analysis in NSCLC.

Sampling

Spatial heterogeneity

The staining pattern indicating PD-L1 expression can 
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show both intra-tumoral and inter-tumoral heterogeneity. 
Therefore, PD-L1 expression status can be significantly 
impacted by the sampling method: surgical resection or 
biopsy. Several studies reported discordant PD-L1 status 
between resected and biopsied tissue. A comparison of 
PD-L1 expression in 160 NSCLC patients revealed a 
significant discordance between pre-operative biopsy and 
their corresponding resected specimens (22). In another 
study, 14% of cases demonstrated discordance of PD-L1 
expression between biopsy cores and surgically resected 
specimens (23). These results highlight that a single 
biopsy may be insufficient to accurately capture PD-L1 
status and emphasise the importance of using a surgically 
resected specimen when possible. Biopsy specimens 
obtained through transbronchial needle aspiration or 
transbronchial biopsy are sometimes the only available 
samples for advanced NSCLC; this can be a potential issue 
for appropriately recommending a therapeutic strategy that 
includes PD-1/PD-L1 blockade. 

Differences in PD-L1 expression between primary and 
metastatic sites might also be a potential issue. Mansfield 
et al. (24) evaluated PD-L1 expression in paired lung 
cancer lesions from 32 patients with multifocal lung cancer, 
and showed strong consistency in tumour cell PD-L1 
expression among different pulmonary metastases (24). 
Kim et al. demonstrated the concordance rate of PD-L1 
expression between primary and metastatic lesions from 
146 lung cancer to be 80.1% and 90.7% using cut-offs of 
1% and 50%, respectively (25). These results suggest that 
differences between primary and metastatic samples, or 
between different metastases in the same organ are less 
significant when comparing biopsy and surgical resection.

Temporal heterogeneity

PD-L1 expression changes during a patient’s clinical 
course; this occurs spontaneously and is also influenced 
by treatment including surgical resection, systemic 
chemotherapy or targeted therapy (26). Sheng et al. (11) 
reported PD-L1 expression on tumour cells changed 
from 75% to 37.5% after paclitaxel-based, pemetrexed-
based or tyrosine kinase inhibitor-based neoadjuvant 
chemotherapy in NSCLC patients. In contrast, a separate 
study found 30.2% of NSCLC patients changed PD-L1 
tumour expression from negative to positive after platinum-
based neoadjuvant chemotherapy (12). Thus, it is critical 
to evaluate PD-L1 expression in serial samples throughout 
the treatment. Furthermore, for heavily treated NSCLC 
patients, evaluating the PD-L1 expression in the most 
recent tumour specimen is necessary before making a 
decision to use PD-1/PD-L1 blockade on these patients. 

Archived or newly collected tissue

Currently, PD-L1 testing is performed mainly using 
archived formalin-fixed, paraffin-embedded (FFPE) 
specimen, potentially raising concerns as to whether 
antigenicity is preserved in these samples. However, a recent 
analysis of the KEYNOTE-010 trial (27) compared patient 
outcomes based on PD-L1 expression in 455 archival and 
578 newly collected tumour specimens, and demonstrated 
that the hazard ratios for survival were similar in the two 
groups (27). This result indicates that both archival and 
newly collected specimens are suitable for PD-L1 IHC 
testing. 

Figure 1 Various factors influence PD-L1 testing result. PD-L1 testing result is influenced by sampling method and sites, antibody clones 
and platforms used in the IHC assay, thresholds and scoring algorithms used in the interpretation stage.

Sampling Assay Interpretation
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Assay

Four commercial assays that utilise four different antibody 
clones (SP142, SP263, 22C3, and 28-8) on two different 
IHC platforms (Dako and Ventana) are currently available 
for measuring PD-L1 expression in FFPE specimen 
(Table 1). For example, to use pembrolizumab as first-line 
treatment in patients with metastatic NSCLC, PD-L1 
expression on tumour cells is required to be TPS ≥1% (3),  
as determined by the Dako 22C3 pharmDx companion 
test (8). FDA has approved nivolumab with Dako 28-8 
pharmDx as its complementary PD-L1 diagnostic assay (13). 
The European Commission approved Ventana SP263 as a 
companion diagnostic test for durvalumab (18,19) in Stage 
III NSCLC with TPS ≥1%. Ventana SP142 was approved 
by the FDA as a complementary assay for Atezolizumab (16). 

It is clinically impractical to perform multiple tests 
to detect PD-L1 expression in addition to the required 
biomarker testing, such as EGFR and ALK, when only 
limited resources are available, especially when only a small 
biopsy is available. To standardise the various PD-L1 assays, 
the International Association for the Study of Lung Cancer 
has launched the Blueprint project. As reported, the Dako 
22C3, Dako 28-8 and Ventana SP263 assays showed a high 
concordance across a broad range of thresholds; however, 
the Ventana SP142 assay recorded a lower expression of 
PD-L1 on tumour cells (28). This suggested that some PD-
L1 assays (22C3, 28-8, and SP263) could be potentially 
used interchangeably (29). However, there is as yet no 
‘gold standard’ assay that most accurately measures PD-L1 
expression, and best predicts the clinical response to PD-1/
PD-L1 blockade (30). 

In terms of automated staining platforms, a recent study 
evaluated PD-L1 expression in the three main commercially 
available autostainers: Ventana BenchMark ULTRA, Dako 
Autostainer Link 48, and Leica Biosystems Bond-III. The 
study observed 100% concordance with dichotomised TPS 
results using the Dako Autostainer Link 48 and Ventana 
BenchMark ULTRA platforms (31). This suggests Dako 
and Ventana platforms can be used interchangeably.

Interpretation

Apart from different antibody clones and staining platforms, 
the four assays have unique staining patterns, scoring 
systems, and thresholds to quantitate PD-L1 expression. 
This makes the interpretation of PD-L1 IHC assays a 
clinical challenge. There is a difference in which cell types 

were evaluated as target cells for PD-L1 expression (Table 1).  
For 22C3, 28-8 and SP263 assay, tumour cells are the 
target to define positive PD-L1 staining. However, in the 
Ventana SP142 assay, both tumour cells (TC) and tumour-
infiltrating immune cells (IC) are scored. TC were scores 
as a percentage of total tumour cells (TC3≥50%, TC2≥5% 
and <50%, TC1≥1% and <5%, and TC0<1%), and IC were 
scored as a percentage of tumour area (IC3≥10%, IC2≥5% 
and <10%, IC1≥1% and <5%, and IC0<1%) (15).

There are also variable cut-offs used to define a tumour 
as PD-L1 positive (Table 1). In the Ventana SP263 assay, 
samples were considered positive if ≥25% of tumour 
cells showed membrane staining of PD-L1. While in the 
Dako 28-8 assay, samples were classified as positive when 
at least 1% of tumour cells had membrane staining (12). 
Furthermore, the threshold may be distinct depending on 
the line of treatment. For example, pembrolizumab with its 
companion Dako 22C3 assay was approved as monotherapy 
in the first-line setting for advanced NSCLC patients with 
≥50% (10) [changed to 1% in Nov 2019 (3)] tumour cells 
expressing PD-L1. While in the second-line setting for 
advance NSCLC patients, the 22C3 assay cut-off is 1% 
to prescribe pembrolizumab (10). In summary, the choice 
of anti-PD-1/PD-L1 drug selects the specific companion/
complementary assay, each of which has different assay cut-
offs and interpretation. 

Beyond FFPE specimen: cytological specimens, 
peripheral blood, or imaging

Cytology specimens

To date, cytology samples are excluded for PD-L1 
assessment in clinical settings due to the lack of tissue 
architecture—histological samples remain the only patient 
material permitted to assess PD-L1 IHC for admission to 
clinical trials. However, cytology samples are often the only 
materials available in patients with metastatic disease who 
do not undergo biopsy or surgical resection. To explore this 
issue further, PD-L1 expression was investigated on paired 
cytology and histology samples. A recent study showed a 
high degree of consistency between 86 paired histological 
and cytological samples (32); this finding was confirmed in 
a separate study (33). In an NSCLC cohort which included 
cytology cell blocks, small biopsies and surgical specimens 
(more than 200 samples of each type) the Dako 22C3 
assay was used to evaluate PD-L1 expression. This showed 
PD-L1 IHC worked well on cytology cell blocks when 
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TPS ≥50% was set as the endpoint (34). These studies 
demonstrate the potential value of cytological specimens 
for PD-L1 testing in advanced NSCLC when histological 
samples are unavailable.

Peripheral blood

A recent study explored the possibility of using peripheral 
blood as a non-invasive method to assess PD-L1 status in 
advanced NSCLC patients (35). In a further study of 71 
specimens with matched circulating tumour cells (CTCs), 
concordance between tumour tissue and CTCs was 93%. 
Among 74 tumour samples with matched circulating white 
blood cells (WBCs), 54% of the patients revealed ≥1% PD-
L1-positive immune cells in tumour tissue and 53% of the 
patients showed ≥1% PD-L1 positive in WBCs. This data 
reflects a high correlation (80%) between tissue and blood 
samples, and suggests testing peripheral blood for PD-L1 
expression is a non-invasive and real-time method to assess 
PD-L1 expression in advanced NSCLC patients. 

Imaging

PET-CT has been used as a potential non-invasive 
method for PD-L1 expression in NSCLC patients (36-38).  
Niemeijer et al. (36) reported the results of whole-body 
PET imaging using 18F-BMS-986192 and 89Zr-Nivolumab 
before nivolumab treatment in advanced NSCLC, the 
first-in-human study of this kind. Heterogeneity of tracer 
uptake was observed both between patients and within 
different tumours of the same patient. Using NM-01, a 
single-domain antibody against PD-L1, radio-labelled 
at a specific site with 99mTc for SPECT imaging, Xing 
et al. (38) demonstrated tumour uptake to be readily 
detectable against background tissues. This finding was 
particularly observed two hours after infusion, when the 
target-to-background (TBR) ratio correlated with PD-L1 
immunohistochemistry results. These results suggest that 
there is potential to use radioactive tracers to both non-
invasively and longitudinally quantify the expression level of 
PD-L1 in the future; however, larger datasets are necessary 
to validate the approach. 

Biomarkers beyond PD-L1

As mentioned above, PD-L1 IHC is not an ideal assay for 
deciding whether ICB should be recommended—discovery 
and validation of novel predictive biomarkers is required. 

Various surrogate biomarkers are currently under intense 
investigation, including tissue tumour mutation burden 
(TMB) (39), immune gene signatures (40) and the presence, 
localisation and activation status of tumour-infiltrating 
lymphocytes (41). In addition, T-cell receptor diversity (42)  
and gut microbiome (43) have garnered interest as emerging 
biomarkers for ICB efficacy but have to be validated in 
large clinical studies. Blood-based biomarkers, such as 
neutrophil-to-lymphocyte ratio (NRL) (44) and blood-
TMB (45), are also showing promise.

Of the above alternatives, TMB is currently the most 
promising predictive biomarker. Tumour somatic mutations 
can potentially give rise to neoantigens, which results in 
increased immunogenicity. In support of this hypothesis, 
data from the KEYNOTE-010 and -042 studies showed 
associations between high TMB (≥175 mutations per 
exome) and improved clinical outcome with pembrolizumab 
monotherapy in NSCLC patients (46). However, analysis 
of the KEYNOTE-021, -189 and -407 trials showed TMB 
was not significantly associated with the efficacy of first-line 
pembrolizumab plus platinum-based chemotherapy or with 
chemotherapy alone in metastatic NSCLC (47). Further 
clinical studies are required to determine a conclusive 
outcome of this approach. 

As with PD-L1 testing, implementing TMB assays in 
clinical practice also faces many challenges: sequencing 
platform selection, bioinformatic algorithm development, 
and threshold setting. For sequencing platform, whole-
exome sequencing (WES) is considered to be the standard 
for TMB assessment (20), as it covers the coding regions 
of ~22,000 genes (~1% of the genome, ~30 Mb). However, 
it is challenging to apply WES in a clinical setting due 
to its cost, turnaround time, and the requirement for 
complex analysis (48). Targeted sequencing panels, such 
as FoundationOne CDx (324 genes, ~0.8 Mb) and MSK-
IMPACT (468 genes, ~1.5 Mb), offer a reasonable 
estimate of TMB from the whole-exome (49). Apart from 
differences in sequencing broadness, sequencing depth 
also varies with ≥500× for targeted panels and ≥100× 
for WES. Another critical variation in TMB assessment 
across studies is bioinformatic analysis pipelines, which 
are often not publicly reported (50). Different analyses 
may differ in which type of mutation to include or discard, 
such as insertion and deletion alterations (indels), as well 
as synonymous and non-synonymous mutation. A further 
important variable is a threshold set for defining the TMB 
level. To date, only a TMB threshold of ≥10 mutations/Mb 
using the FoundationOne CDx platform is established for 
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NSCLC patients (39). 
Despite these important caveats, the first TMB assay 

approved by FDA incorporated WES data from the patient 
tumour as well as matched normal tissue (e.g., peripheral 
blood); this FDA approval occurred in Nov 2019 (51). 
Further efforts to ensure reproducible results and reporting 
will facilitate the smooth implementation of TMB testing 
for ICB therapy. Meanwhile, several studies have compared 
TMB and PD-L1 expression for their predictive capacity 
(39,49)—it has been consistently shown that although 
TMB is independent of PD-L1 expression, it has similar 
predictive capacity. Further development of a predictive 
model incorporating both PD-L1 IHC expression and 
TMB could potentially yield higher predictive power. 

Conclusions

Spatial and temporal heterogeneity, as well as many technical 
differences in methods used to assess PD-L1 expression, 
are major obstacles for consistency in PD-L1 testing, and 
may account for the suboptimal correlation of PD-L1 
expression and response rates to PD-1/PD-L1 blockade in 
NSCLC. There remains a great need to standardise sample 
quality control, PD-L1 testing reagents and IHC platforms 
to definitively assess the interchangeability of the various 
tests, and to reach consensus on guidelines that will guide 
practice internationally. In conclusion, it is currently clear 
that no single test is a reliable predictive biomarker for 
immunotherapy. Future studies investigating predictive 
algorithms built on tumour-host interaction data could 
better stratify patients for immunotherapy. 
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