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Targeting the programmed death 1/programmed cell death
ligand-1 (PD-1/PD-L1) immune checkpoint pathway in
non-small cell lung cancer (NSCLC) with anti-PD-1 and
anti-PD-L1 monoclonal antibodies led to durable responses
for some patients and signalled to the oncology community
that immunotherapy had finally arrived as an important
anti-cancer therapy (1,2). Currently more than 200 clinical
trials are on-going or actively recruiting targeting at least
one aspect of the PD pathway in NSCLC. One of the major
challenges in developing these clinical trials has been the
need for standardized assays to measure tumoral PD-1 and
PD-L1 expression, as a potential predictive biomarker of
response (3,4).

Tumor PD-L1 expression is thought to contribute to
immune evasion by binding to the inhibitory receptor PD-1
on T-cells leading to T-cell “exhaustion”. Interruption
of the PD-1/PD-L1 signaling pathway can subsequently
enhance T-cell responses by reversing exhaustion and
eliciting anti-tumor activity (5). Improved responses to anti-
PD-1 therapy have been seen in patients with higher PD-
L1 expression in NSCLC (6-8) However, the value of PD-
L1 expression in predicting patient responses to anti-PD-1/
PD-L1 treatment remains controversial (9). The results
using PD-L1 as a predictive biomarker for patient selection
have been conflicting, in part, due to heterogeneity in PD-
L1 expression and may be further exacerbated by the use of
independent PD-L1 immunohistochemistry (IHC) assays,
for anti-PD-1 mAbs Nivolumab and Pembrolizumab in
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clinical trials (10). Nivolumab clinical trials in NSCLC
utilized the Dako 28-8 anti-PD-L1 antibody to identify
three PD-L1 thresholds (>1%), >5% and >10% of tumor
cells) (7); whereas PD-L1 biomarker measurements in
Pembrolizumab trials are calculated using the Dako 22C3
clone with two thresholds (=1% and >50%) (11). The
clinical activity of Nivolumab in a phase II trial appeared
independent of tumoral PD-L1 expression as clinical
responses were seen in PD-L1 negative patients. In
contrast, Pembolizumab treatment appeared to correlate
with tumor cell expression of PD-L1 in over 50% of cells.
Durvalumab, an anti-PD-L1 monoclonal antibody, uses
the Ventana platform (Ventana SP263) as a diagnostic test
for PD-L1 expression (12). The Ventana platform (SP142)
is used with Atezolizumab, another anti-PD-L1 antibody.
While the threshold for SP263 is set at 225% of PD-L1
positive tumor cells, SP142 also takes into account PD-L1
expression of immune cells resulting in a more complicated
grading system (T'CO-3 and IC0-3) (13).

Radcliffe and colleagues have recently compared the use
of three commercially available anti-PD-L1 IHC diagnostic
assays in NSCLC (Dako 28-8, Dako 22C3 and Ventana
SP263) (14). The main objective was to establish confidence
in PD-L1 expression on patient tumor samples measured
by these independent assays to enable flexibility in assay
selection between laboratories and for comparison of results
across clinical trials. The authors have provided analysis for
PD-L1 expression on the largest cohort of NSCLC patient
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samples to date, 493 samples were cut into consecutive
sections and evaluated by each of the antibody clones. All
samples were assessed by the same pathologist and 200 of
which were independently reviewed by a second pathologist.

The main important finding was the high concordance
across PD-L1 assay platforms. The authors found
correlative expression patterns of tumor membrane PD-L1
with an overall percentage agreement (OPA) of >90%
recorded across assays and between variable expression
level thresholds. OPA increased with higher expression
cut-off levels, 91% at >1% up to 95% at >50% tumor
membrane positivity. To fully compare the different anti-
PD-L1 antibodies the group altered the scoring thresholds
for the Ventana SP263 assay to include lower thresholds
below 10% PD-L1 positive tumor cells. The SP263
and 22C3 assays showed a higher level of concordance
at expression levels above 50% while a 25% positivity
threshold for SP263 was equivalent to a 10% threshold
with the Dako 28-8. These data highlight the importance
of appropriate and comparable threshold values of PD-L1
expression. Thresholds should be calculated rigorously
to ensure the largest percentage of patients show clinical
efficacy and values need to be flexible depending on the
type of combinational therapies tested. One aspect not
currently addressed by the authors was whether assay
agreement was independent of, or correlates with, patient
tumor stage. Much of the patient demographic was disease
stage I and II (80%), whereas collection of higher numbers
of samples from stage III and IV patients would enable
this to be investigated further. To fully harmonize PD-L1
assay platforms between clinical sites and across trials the
reproducibility must be maintained at all disease stages.

Other studies have also sought to compare the use of
anti-PD-L1 antibodies. Gaule et 4/. (15) examined whether
6 antibodies (SP142, E1L3N, 9A11, SP263, 22C3 and
28-8) could be used interchangeably to detect PD-L1 on
an index tissue microarray (TMA). The study concluded
that antibody clones could be used interchangeably
to detect PD-L1 but that within tumor tissue samples
inherent heterogeneity of PD-L1 expression increases
assay variability across studies. This technical challenge was
addressed by Ratcliffe ez al. by serial sectioning of the same
tissue biopsy for each patient for use across separate assay
platforms.

In addition to identifying the interchangeable use of
independent anti-PD-L1 assay platforms an advantage
would be to be able to substitute different antibody clones
within the same assay detection platform. Neuman ez
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al. investigated the use of the Dako clone 22C3 by IHC
staining on the Ventana detection platform (16). Forty one
cases of NSCLC were independently evaluated by two
pathologists for PD-L1 expression and the same results
were obtained by both platforms for 35 samples. Low inter-
and intra-observer variation was recorded and the study
concluded that the Dako 22C3 antibody clone could be
used in facilities housing the Ventana platform.

In this analysis the authors compared three well validated
diagnostic assays. Potentially there is greater value in
assessing other commercially available, less well validated,
antibodies such as E1L3N or the Ventana SP142. EIL3N
(Cell Signaling Technologies) anti-PD-L1 antibody has
recently been directly compared to Ventana SP263 (17) on
a TMA containing 100 formalin fixed paraffin embedded
(FFPE) NSCLC cores. The cores were analysed by two
pathologists in a blinded study and PD-L1 staining patterns
showed that the SP263 assay was more sensitive and had a
wider dynamic range than the E1L3N assay. This type of
research is useful to develop increasing access to PD-L1
staining techniques.

An industrial-academic collaboration is already underway
with the aim to standardise PD-L1 IHC assays used
in clinical trials (18). The Blueprint PD-L1 THC assay
comparison project recently published results from Phase 1
of the project where 39 NSCLC tissue samples were stained
with anti-PD-L1 antibody clones 22C3, 28-8, SP142
and SP263. Although only in a small number of samples;
importantly, PD-L1 expression was scored on both tumor
and immune cells at any intensity. Variability across assays
was increased for immune cells positivity than for tumor cell
expression. The 22C3, 28-8 and SP263 were all comparable
assays, as confirmed here by Ratcliffe ez #/. whereas the
Ventana SP142 antibody exhibited fewer positively stained
cells than the other clones.

Interestingly, Ratcliffe et /. found the variability was
higher between two scoring pathologists than across IHC
assays by a single scorer. The variability between scorers
increased at PD-L1 expression levels below 10% of the
tissue with an OPA between the original study pathologist
and the independent pathologist decreasing from 95% at
a cut-off level of >50% down to 76% at >1%. The authors
assign this to the scorers’ perception of expression levels.
This is an important finding as patients whose tumors have
been categorized as PD-L1 negative continue to respond to
anti-PD-1 therapies and therefore any incidence of a false
negatives need to be ruled out. PD-L1 on other immune
cells, PD-L2 expression and even the presence of PD-1
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expressing immune cells may all be contributing factors in
increasing confidence in biomarkers for therapies targeting
the PD pathway. Calles ez a/. investigated the expression of
PD-1 and both ligands, PD-L1 and PD-L2, in 114 patients
with KRAS-mutant NSCLC (19). PD-L1 expression, but
not PD-L2, was associated with smoking status. Another
novel approach, by Paulsen er 4/., measured stromal PD-1
and PD-L1 in 536 NSCLC patient samples (20). PD-L1
positive immune cells within the stromal compartment and
intraepithelial tumor-infiltrating lymphocytes expressing
PD-1 were identified as independent positive prognostic
factors in NSCLC.

Overall this research draws attention to the importance
of graded PD-L1 positivity scores for combinational
therapies. PD-L1 expression doesn’t conform to established
predictive biomarkers where a beneficial treatment effect
is expected between biomarker positive and negative
patients. PD-L1 expression is heterogeneous and alters
over time during an evolving immune response depending
on concurrent or prior treatments such as chemotherapy
and radiotherapy. As a result, challenges arise when using
patient archival tissue samples. PD-L1 negative patients
can also benefit from, and show responses to, anti-PD-1/
PD-L1 therapies. More detailed analysis of the tumor
microenvironment may provide answers in these PD-L1
negative patients. Indeed, localization of PD-L1/PD-1
within tumor compartments adds to the complexity of
its use as a biomarker. To conclude, these data suggest
harmonization in PD-L1 assays is achievable with the caveat
that additional scorers, with sufficient training, rather than
the choice of antibody clone would provide higher assay
validity and reproducibility across laboratories.
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