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1  |  INTRODUC TION

Head and neck squamous cell carcinoma (HNSCC) affects approxi-
mately 880 000 new patients each year worldwide and represents a 
leading cause of mortality in some countries.1 Despite combined ther-
apy that includes surgical resection with radiotherapy and/or chemo-
therapy, the 5-year overall survival has improved only modestly over 
the past three decades and is only 50%–65%.2,3 A turning point in the 
therapy of HNSCC ensued with the introduction of immunotherapy 
targeting the programmed death-1 (PD-1)/programmed death-ligand-1 

(PD-L1) axis.4–6 The US Food and Drug Administration (FDA) and 
European Medicines Agency (EMA) approved of the PD-1 inhibitors 
pembrolizumab and nivolumab for recurrent and metastatic disease. 
The administration of these drugs showed improved survival with re-
duced toxicity.7–10 Combination chemotherapy with other PD-1/PD-
L1 inhibitors atezolizumab, avelumab, cemiplimab, and durvalumab is 
currently being tested in clinical trials,5 and interest is growing also for 
chemopreventive application.11,12 However, the therapeutic benefit of 
single patients being treated with immune checkpoint inhibitors (ICI) is 
often not as impressive as expected.
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Abstract
Background: Programmed death-ligand 1 (PD-L1) expression with combined posi-
tive score (CPS) ≥1 is required for administration of checkpoint inhibitor therapy in 
recurrent/metastatic head and neck squamous cell carcinoma (HNSCC). The 22C3 
pharmDx Dako immunohistochemical assay is the one approved as companion diag-
nostic for pembrolizumab, but many laboratories work on other platforms and/or with 
other clones, and studies exploring the potential interchangeability of assays have 
appeared.
Evidence from the literature: After review of the literature, it emerges that the con-
cordance among assays ranges from fair to moderate, with a tendence of assay SP263 
to yield a higher quota of positivity and of assay SP142 to stain better immune cells. 
Moreover, pathologists achieve very good concordance in assessing PD-L1 CPS, par-
ticularly with SP263.
Conclusions: Differences in terms of platforms, procedures, and study design still pre-
clude a quantitative synthesis of evidence and clearly further work is needed to draw 
stronger conclusions on the interchangeability of PD-L1 assays in HNSCC.
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Programmed death-ligand 1 expression in tumor and immune 
cells has been evaluated in clinical trials in relation to therapeutic 
response.13 PD-L1 expression can be assessed by means of im-
munohistochemistry (IHC) with a tumor proportion score (TPS), 
which is the proportion of positive tumor cells, or with a com-
bined positive score (CPS), which is defined by the ratio of total 
positive tumor and immune to the total number of viable tumor 
cells. These scoring systems are variably applied in clinical trials. 
In the KEYNOTE-040 study, patients with recurrent or meta-
static HNSCC treated with pembrolizumab showed significantly 
improved survival when their tumor biopsies expressed PD-L1 
with TPS ≥50%.7 PD-L1 expression showed the best predictive 
performance when using a CPS with a cutoff of ≥20, and a lower 
but significant benefit in survival when CPS was ≥1 for first-line 
treatment in the KEYNOTE-048 study.5 Other studies also con-
sider a cutoff of ≥1% for both TPS and CPS as clinically relevant.9 
Recently, post hoc analysis of the KEYNOTE-040 trial showed 
that CPS ≥50 is equivalent to TPS ≥50% for predicting objective 
response rate, overall survival, and progression-free survival in 
HNSCC patients.14 Differences in prediction of response with 
the two scoring systems were predicted to be tied to inclusion of 
immune cells in the CPS, as around 50%–60% of HNSCC tumor 
cells express PD-L1 when assessed with TPS, but this percentage 
increases to 85% when considering both tumor and surrounding 
immune cells, as is measured with the CPS.13,15 Consequently, CPS 
appears to be more sensitive at lower cutoffs of positivity, sup-
porting the importance of PD-L1-positive immune cells.14 Finally, 
international agencies included a CPS of ≥1 as a selection criterion 
for first-line treatment of recurrent and metastatic HNSCC with 
pembrolizumab. However, similarly to what transpired in lung can-
cer, there are different PD-L1 IHC assays, using different PD-L1 
antibodies (22C3, 28-8, SP263, SP142, E1L3N), on different IHC 
platforms.

Varying antibody clones and platforms have been approved for 
each available PD-1 and PD-L1 inhibitor, making comparison among 
immunotherapy trials difficult.16 Two of these clones, 22C3 and 
28-8, both run on the Dako immunohistochemistry platform, are 
the approved companion and complementary diagnostic test for 
pembrolizumab and nivolumab, respectively.17,18 However, many 
institutions routinely work on other platforms (e.g., Roche), creat-
ing a problem as they are accordingly not then able to offer these 
originally approved assays. A laboratory developed test (LDT) is 
any test differing from the original regulatory approved commer-
cial PD-L1 clone assay, no matter how small the difference is to 
one or more of its components/procedures.19 Unfortunately, LDT 
development can be limited by an inability to standardize many of 
the assay components. As a result, LDTs are likely to be less ro-
bust than commercial tests and may thus introduce variability to 
results.19 As occurred previously with lung cancer, harmonization 
studies among different assays and studies were necessary to com-
pare their diagnostic performance. Herein, we review the current 
field regarding the assessment of PD-L1 in HNSCC, compare these 

varied assays, and underscore challenges facing pathologists re-
quired to interpret PD-L1 expression.

2  |  METHODS

The review question was modeled on a Population, Intervention/
Index, Comparator, Outcome (PICO) model. Population was repre-
sented by HNSCC only cases, Index test was any PD-L1 IHC clone 
on any platform, and Comparator term was considered any other 
clone or platform deployed to evaluate PD-L1 staining. We were in-
terested in two outcomes: the concordance among different assays 
and secondarily the concordance among reading pathologists with 
any of the assays. A systematic search was carried out in Pubmed 
and Embase electronic database until January 10, 2021, with the 
combination of the key terms “PD-L1” and “HNSCC” defined with all 
their aliases. We did not insert an Outcome term in the search strat-
egy to keep it as broad as possible. The complete search strategy is 
found in, Table S1. Inclusion criteria were the presence of any type 
of comparison among two or more assays for IHC PD-L1 expression 
in HNSCC or the comparison among pathologists assessing PD-L1 
with one or more assays and the presence of reported concordance 
measures of any type (intraclass correlation coefficient (ICC), per-
cent agreement, Cohen's kappa and variants) as outcomes of inter-
est. No language or type of paper restrictions were applied. Studies 
not dealing with HNSCC (wrong Population), not dealing with PD-L1 
assessment in IHC (wrong Index), or not presenting any type of com-
parison were excluded.

Quality of studies was assessed with a modified QUADAS2 tool 
tailored on our review question. We removed the question on case-
control study design as it did not pertain to our review question, 
and we added the question on presence of detailed technical pro-
cedure with clone and platform. The modified set of items is found 
in Table S2.

3  |  RESULTS

Of 3379 items after removal of duplicates, after screening accord-
ing to title and abstract, 180 were assessed in full-text form and 
19 were considered informative and included. The flow of article 
screening is found in Figure 1. The studies were represented by 10 
full articles and 9 abstracts. The studies dealt with HNSCC cases 
from USA and Canada (n  =  10, 53%), Europe (n  =  7, 37%), Israel 
(n  =  1, 5%), and Latin America (n  =  1, 5%). The clone 22C3 was 
used in 14 (74%) studies, clone SP263 in 13 (68%), clone SP142 in 
10 (53%), clone 28–8 in 5 (26%), and clone E1L3N in 2 (11%). Eight 
studies specifically evaluated PD-L1 expression with CPS, while 
the others evaluated separately tumor and immune cells with dif-
ferent cutoffs. The summary of the studies is found in Table  1, 
while full list of references is found in Supplementary material 
Appendix.
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The summary of quality appraisal is reported in Figure S1. The 
main item with risk of bias was the selection of cases, given that 
often it was not specified whether the cases were randomly or con-
secutively selected. Moreover, a great quota of studies was repre-
sented by abstracts with limited reporting, thus leading to a high 
number of studies with unclear risk of bias.

Given the high heterogeneity of studies, it was not possible to 
perform a meta-analysis; hence, we provide an evidence-based re-
view with qualitative discussion of most relevant studies, dividing 
the discussion according to the main outcomes: the concordance 
among assays and among pathologists.

3.1  |  Concordance among assays

Compared to lung cancer, evidence for direct comparison among 
assays in HNSCC is scarce. De Ruiter at al.20 compared the refer-
ence 22C3 assay with a 22C3 laboratory developed test (LDT) and 
the SP263 assay in 143 cases. A smaller series published by Crosta 
et al.21 tested the performance of five different PD-L1 protocols 
with clones SP142, SP263, and 22C3 on various platforms against 
the 22C3 pharmDx on 15 cases/30 cores. The aforementioned 
studies utilized a tissue microarray (TMA) and were comprised of 
cases from several sites in the head and neck region, with PD-L1 as-
sessed centrally by trained pathologists. These studies both applied 
clinically relevant cutoffs of CPS =1 and =20 which emerged from 
clinical trials, while previous studies were based on TPS with various 

cutoffs, with or without distinction between staining of tumor or 
immune cells. Considering the quota of cases that are labeled as 
positive with CPS1-20 or higher than 20, both studies point toward 
an increased positivity rate when using the SP263  Ventana assay 
in comparison with the reference 22C3 pharmDx assay. The SP263 
assay showed the greatest quota of positive cases compared with 
the other assays as reported by Crosta et al., while the 22C3 assay 
on the Omnis Dako platform showed the lowest. Crosta et al. also 
evaluated the performance of the various assays against the refer-
ence test by means of sensitivity and specificity for positive CPS ≥1 
and found that the SP142 clone on the Ventana Benchmark Ultra 
platform performed best with a sensitivity of 92% and 100% speci-
ficity. The sensitivity and specificity of the other 22C3 assays run 
on other platforms ranged from 79% to 88% sensitivity and 80% 
to 83% specificity, while the SP263 assay showed 96% sensitivity 
and 50% specificity. This implies there is either a high quota of false 
positive results or that cases labeled as negative with the reference 
assay were incorrectly evaluated as positive with the SP263 assay. 
However, the negative predictive value of the best-performing 
SP142 was only 67%, meaning that one out of three negative cases 
with SP142 is not truly negative with 22C3 pharmDx. However, the 
Crosta et al. study has some limitations, such as the very limited num-
ber of cases evaluated, notable quota of non-evaluable cases was 
included, and concordance measures stronger than simple percent 
agreement such as ICC and kappa were not reported for pairwise 
comparisons. On the other hand, De Ruiter at al. reported precisely 
on the ICC and Cohen's kappa for their three comparisons and found 

F I G U R E  1  Flow of article screening 
according to PRISMA
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that concordance between 22C3 pharmDx and SP263 is lower than 
moderate with ICC and in the range of fair (0.20–0.40) with Cohen's 
kappa both at cutoff 1 and 20 with no significant increase at the 
highest cutoff. The LDT of the study, a 22C3 clone on the Ventana 
Benchmark Ultra platform, showed an ICC of at least moderate in 
both the comparisons and concordance kappa from fair to substan-
tial with high variability. De Ruiter et al. tested the concordance 
among the three assays, not only with the clinically relevant cutoffs 
of CPS1 and 20, but also at the cutoffs of 1% and 50% with TPS, 
providing an opportunity for comparison with other studies. The 
concordance of SP263 and 22C3 LDT with 22C3 pharmDx was all 
in the range of moderate (0.40–0.60), and interestingly, it decreased 
at a higher cutoff for both the assays against the reference assay.

The impression that evaluation of CPS with SP263 yields a 
higher quota of positive (CPS≥1) cases has also been encountered 
in recent abstracts,22,23 and previous studies focused primarily on 
concordance among pathologists. Studies arising from a Canadian 
group of researchers involved a broad population of cancer cases 
among where 27 HNSCC mixed-site cases were stained with 22C3 
pharmDx, SP142 and SP263 and clone E1L3N and evaluated with 
cutoff CPS≥124 or different percentages of positive immune or 
tumor cells.24–26 These Canadian studies note that when a lower 
cutoff is applied (as represented by the intrinsic formulation of CPS, 
where positive immune cells are added to the numerator while the 
denominator comprises only tumor cells), a greater quota of cases 
is labeled as positive.24 They also found a high concordance with 
Cohen's kappa in the range of substantial (0.60–0.80) for all pairwise 
comparisons and excellent ICC (higher than 0.90) for all clones with 
exception of SP142 when specifically considering concordance on 
tumor cell staining.25 This is, however, in line with findings in other 
cancer sites where SP142 is known to better stain immune cells than 
tumor cells.27 Studies from De Meulenaere et al., where the SP142 
assay is used parallel to the reference 22C3 even if with no direct 
comparison, a tendency emerged toward lower rate of positivity in 
tumor cells with the SP142.28,29

Few studies and published abstracts have investigated the assay 
28–8 run on the Dako platform, in comparison with other available 
assays.30–33 Even though only overall percent agreement (OPA) was 
reported, these studies suggest a high degree of concordance among 
28–8 and other assays, with OPA ranging from 80% to 100%,30–33 
correlation coefficient higher than 0.9,32 and kappa of 0.82 which 
is considered almost perfect.31 The 28–8 clone was also tested on 
platforms different from the Dako Autostainer Link 48 platform ap-
proved as a complementary diagnostic.34 In this study, the platforms 
used were Dako Autostainer Link 48, Dako Omnis, Leica Bond-III, 
and Ventana Benchmark Ultra. The authors found an acceptable co-
efficient of variation in the percentages of positively stained target 
cells, with OPA ranging from 83% to 100% specifically for HNSCC 
cases between the various platforms and the reference pharmDx kit, 
and increasing concordance for higher cutoffs.34 Studies such as the 
one reported by Koppel et al. shed light on common problems in har-
monization and comparability studies, because of the multiplicity of 
platforms deployed and staining protocols applied, especially when 

multicenter comparison studies are attempted. This yields additional 
uncertainty, including the critical evaluation of published evidence, 
as no true direct comparison among results from studies is possible.

In summary, the main published findings to date support a vari-
able degree of concordance from fair to substantial among the ref-
erence assay 22C3 pharmDx and two alternate Ventana assays, with 
the caveat that SP263 is likely to label more cases as positive due to 
stronger and more diffuse staining of tumor cells, while SP142 stains 
immune cells more so than tumor cells which in some cases can re-
sult in a lower CPS. While limited evidence is available concerning 
the 28–8 assay, available findings show very good concordance with 
this assay and all others so far tested.

3.2  |  Concordance among pathologists

Another important point when assessing PD-L1 expression, espe-
cially with the formulation of CPS, is concordance among patholo-
gists. Indeed, CPS is more complex and perhaps less intuitive than 
TPS, as it requires specific counting of tumor and immune cells to 
calculate the score. Not surprisingly, training in this regard has been 
shown to be important.35 However, when pathologists are trained, 
the reproducibility among them appears to be high in assessing 
CPS, with ICC≥0.7021,29 or excellent ≥0.9020 with all of the assays 
including 22C3 pharmDx, SP263, and SP142. Some studies suggest 
better concordance for pathologists with the SP263 assay when as-
sessing both CPS or separately counting tumor and immune cells, 
with an almost perfect kappa of 0.836 and in the range of moder-
ate to substantial for the clones SP142, 22C3, and E1L3N.24 Similar 
results with very high concordance among scoring pathologists with 
SP263 assay have recently appeared in some abstracts.36,37 Ease 
of use of the SP263 assay was previously recognized in validation 
studies. For example, Rebelatto et al. demonstrated the ease of use 
when the SP263 assay was validated in a mixed cohort of lung can-
cer and HNSCC cases.38 The assay not only showed good analytical 
performance in terms of precision and robustness against preana-
lytical factors, but also very high interobserver and intraobserver 
concordance. The authors stated that the SP263 assay has analyti-
cal and reading properties in the same range of the two approved 
22C3 and 28–8 assays, thus meeting the requirement criteria for 
assay use. Important to note, while the approved assays for HNSCC 
22C3 and 28–8 use a clone that detects the epitopes of PD-L1 lo-
cated in the extracellular domain, the Ventana assays and the clone 
E1L3N detect epitopes within the intracellular domain. It has been 
recognized that antibodies raised against the cytoplasmic domain of 
PD-L1 offer better visualization of membrane PD-L1 compared with 
those raised against the extracellular domain.39 This may explain, at 
least partially, the difference in staining pattern and the preferential 
staining of tumor cells with SP263.

Finally, an important aid for pathologists to interpret PD-L1 ex-
pression could come from artificial intelligence (AI). As stated in a 
recent review by Inge et al.40, AI algorithms are already being used to 
investigate the role of PD-L1, providing considerable insight into its 
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expression and heterogeneity within the tumor microenvironment. 
Even though the few studies to date which have investigated AI algo-
rithms for PD-L1 scoring dealt with cancer types other than HNSCC, 
the findings are interesting when bearing in mind that automated 
algorithms could be trained to recognize different types of cells 
(tumor vs. immune; with macrophages to be excluded from other 
cell types) and provide a more objective quantification of CPS. In 
an AI study assessing CPS with image analysis in gastric cancer, the 
authors showed that application of their IHC membrane algorithm 
for PD-L1 evaluation was 85% concordant with manual scoring.41 
Furthermore, PD-L1 AI scores were comparable with manual scoring 
in predicting patient response to pembrolizumab.41 The challenges 
encountered by the algorithms in recognizing and discriminating 
immune cells to be counted are the same as those encountered by 
pathologists. Hence, caution is warranted. It is foreseeable that, as 
transpired with using image analysis to assess breast biomarkers,42 
the incorporation of clinical outcome as one of the benchmarks for 
algorithms could enable development of more clinically relevant 
tools.

4  |  CONCLUSION

The approval of ICI for HNSCC triggered by positive expression of 
PD-L1, and concurrent availability of several assays with different 
characteristics, prompted researchers to undertake comparative 
studies and explore interchangeability of these assays. While sev-
eral such studies have been published in the last five years, only a 
small proportion dealt with HNSCC cases and incorporated varying 
cutoffs for positivity with or without evaluating immune and tumor 
cells. Only in the last year have studies appeared with a research 
design clearly focused on comparing of two or more assays with the 
reference 22C3 assay, and employing the required CPS scoring sys-
tem. Emerging results currently suggest a moderate degree of con-
cordance between the reference standard and widely used SP263 
Ventana assay. Moreover, differences in staining patterns among 
these assays are observed, with SP263 demonstrating more strong 
staining of tumor cells and SP142 better staining of immune cells. 
However, heterogeneity in these varied studies (e.g., preanalytical 
factors, platforms used, detection systems applied, one vs multiple 
pathologist assessment) hamper critical and robust comparison of 
their results. Clearly, further work is needed to draw stronger con-
clusions on the interchangeability of PD-L1 assays in HNSCC.
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