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Summary Different studies have evaluated the comparability of various immunohistochemical assays
for PD-L1 expression evaluation, with contrasting results. Besides the important issues related to ana-
lytic performance and comparability of validated assays, not all platforms are available in all laborato-
ries; moreover, standardized assays are very expensive, and funding for PD-L1 testing is hard to obtain,
especially in the research setting. One of the most widely used and inexpensive PD-L1 clones is E1L3N
(Cell Signaling Technology, Danvers, MA), which is labeled for research use only. In this work, we
wanted to further study and validate in a larger cohort the analytical performance of E1L3N clone on
Ventana platform (Ventana Medical Systems, Tucson, AZ) and its comparability with assays SP263
and 22C3 run onto their dedicated platforms. Serial sections of tissue microarrays built from 165 cases
of resected lung cancer were stained for E1L3N onto Ventana platform following a previously reported
protocol and for 22C3 and SP263 assays onto their respective platforms following manufacturer's in-
structions. Overall, we found very high concordance when comparing E1L3N with SP263 at both
1% and 50% cutoffs. Lower concordance was found between E1L3N and 22C3 at both cutoffs; how-
ever, 100% sensitivity was found for E1L3N compared with both SP263 and 22C3 at 50% cutoff.
Given the 100% sensitivity at 50% cutoff demonstrated by E1L3N in comparison with both SP263
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and 22C3 and therefore the lack of false-negative cases, we propose an algorithm for PD-L1 testing in
NSCLC when considering pembrolizumab as first-line therapy.
© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Pembrolizumab is an anti-PD1 humanized monoclonal
antibody that was granted Food and Drug Administration ap-
proval for the treatment of advanced lung adenocarcinoma or
squamous carcinoma on the basis of PD-L1 expression on vi-
able tumor cells, assessed with a validated assay [1-3].

Currently, pembrolizumab is the only PD1/PD-L1 inhibi-
tor for treatment of patients with non–small cell lung cancer
(NSCLC) in association with a companion diagnostic assay,
namely, the 22C3 PharmDx assay (Agilent, Santa Clara,
CA) using the Dako Autostainer (Dako, Carpinteria, CA).
Another assay, Ventana's SP263 (Ventana Medical Systems,
Tucson, AZ), has been CE-marked to guide treatment deci-
sions in NSCLC for pembrolizumab.

Different studies have evaluated the comparability of
these and other immunohistochemical assays, with con-
trasting results [4-7]. In this regard, we recently reported
that assays 22C3 and SP263 run on appropriate platforms
(Dako and Ventana, respectively) show important discrep-
ancies in identifying PD-L1–positive cases at clinically
relevant cutoffs (1% and 50%), possibly leading to under-
estimation of patients suitable for pembrolizumab therapy
[8]. Besides the important issues related to analytic perfor-
mance and comparability of validated assays, other prob-
lems regarding PD-L1 immunohistochemical evaluation
exist. First of all, not all platforms are available in all
laboratories; moreover, standardized assays are very ex-
pensive, whereas funding for PD-L1 testing is limited, es-
pecially in the research setting.

For these reasons, evaluation of diagnostic performance of
laboratory-developed tests has been strongly advocated by
the pathologists' community [7].

One of the most widely used and inexpensive PD-L1
clone is E1L3N (Cell Signaling Technology, Danvers,
MA), which is labeled for research use only.

Comparability studies of E1L3N with standardized assays
conducted so far have reported conflicting results [9-14].
However, a recent multicenter harmonization study reported
a high weighted κ concordance coefficient (0.81) between
E1L3N clone run on Ventana platform and the SP263 assay
(used as the reference) [15]. This study was designed to fur-
ther analyze and validate, in a larger cohort, the analytical
performance of E1L3N clone on Ventana platform and its
comparability with assays SP263 and 22C3 run onto their
dedicated platforms to assess its usefulness as a screening
tool especially in the research setting and its possible applica-
bility in the diagnostic routine.
2. Materials and methods

2.1. Study cohort

The study cohort consisted of consecutive patients with
primary NSCLC who had undergone surgical resection at
the IRCCS Sacro Cuore Don Calabria Hospital of Negrar,
Verona (Italy), between 2003 and 2017 with available slides
and paraffin-embedded tissue blocks.

None of the patients received therapy before surgery.
Tumors were classified according to the 2015 World

Health Organization classification [16,17], and staging was
done using the tumor-node-metastasis staging manual
(eighth edition) [18]. Investigations have been conducted ac-
cording to principles expressed in the Declaration of
Helsinki.

2.2. Tissue microarray construction

For every case, all hematoxylin and eosin–stained slides
were reviewed for diagnosis confirmation; 1 block was then
selected for tissue microarray (TMA) construction. For each
block, 5 cores with a diameter of 1 mm were obtained from
the diverse areas of the tumor. Overall, 8 TMAs were built.
2.3. Immunohistochemistry and scoring

From each TMA block, 5-μm sections were cut and
stained with 2 validated assays according to the manufactur-
er's instruction: staining for SP263 was performed on the
Ventana Benchmark ULTRA platform, whereas staining for
22C3 was performed on the Dako Link-48 autostainer
system.

Staining with E1L3N (Cell Signaling Technology, Dan-
vers, MA) was performed according to the protocol devel-
oped for the Ventana platform by Adam et al and reported
in the article's supplementary material (Table S1, protocol
for E1L3N center #5) [15].

Stained sections were scanned using Ventana iScan HT
and scored based on the percentage of tumor cells showing
membranous positivity, irrespective of staining intensities.
A 3-tiered system was then applied using the following
thresholds: b1%, 1%-49% and ≥50%.

PD-L1 evaluation was performed blindly by 2 patholo-
gists (E. M. and G. B.).

For each case, the highest scoring value across the cores
was used; for discordant cases, final score was defined after



Table 1 Comparison between E1L3N and assay SP263

E1L3N vs SP263 Ventana

Agreement (%) DP P a Sen (%) Spec (%) PPV (%) NPV (%) AUC

TPS ≥ 1% 94.5 1.8 .5 95.6 93.7 91.7 96.8 0.95
TPS ≥ 50% 95.8 4.2 .02 100 95 78 100 0.97

Abbreviations: DP, difference in proportion; NPV, negative predictive value; PPV, positive predictive value; Sen, sensibility; Spec, specificity; TPS, tumor
proportion score; AUC, area under the ROC curve.

a McNemar test.

Table 2 Actual number of cases for the comparison between
E1L3N and SP263 according to the thresholds b1%, 1%-
49%, and ≥50%

E1L3N

SP263 b1% 1%-49% ≥50% Total

b1% 90 5 1 96
1%-49% 3 35 6 44
≥50% 0 0 25 25
Total 93 40 32 165
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consensus between the 2 pathologists. Part of cases stained
with SP263 assay had been already evaluated by the same pa-
thologists in a previous work [19].

Cores showing a neoplastic component ≥30% were con-
sidered as adequate; therefore, cores with lower percentages
of neoplastic component were excluded.

Placenta was used as external control, whereas macro-
phages were used as internal control to validate the adequacy
of PD-L1 staining reaction.

Overall, comparison between E1L3N and assay SP263
was possible in all cases (165); comparison between
E1L3N and assay 22C3 was possible in 144 cases.

2.4. Statistical analysis

Statistical analysis was carried out using Stata version 14
(StataCorp, College Station, TX). To compare the clinical
performance of the assays, difference in proportions, overall
percent agreement, sensitivity, specificity, positive predictive
value, negative predictive value, AUC (area under the ROC
curve), and Cohen κ were calculated for all comparable
cases. Wilcoxon signed-rank test was used to evaluate the
differences in percent cell staining.
Table 3 Comparison between E1L3N and assay 22C3

E1L3N vs 22C3 Dako

Agreement (%) DP P a Sen

TPS ≥ 1% 77.1 35.4 b.001 96.7
TPS ≥ 50% 88.2 11.8 b.001 100

a McNemar test.
3. Results

The cohort consisted of 165 resected NSLC cases, the ma-
jority of which were male (76%). In terms of histology, most
cases were adenocarcinomas (52%), followed by squamous
cell carcinomas (36%). The remaining cases (12%) were
large cell carcinomas (14 cases), adenosquamous carcinomas
(4 cases), 2 large cell neuroendocrine carcinomas, and 1 sar-
comatoid carcinoma. Most cases were T1 (57%) and N0
(64%).

The comparison between E1L3N and assay SP263
(Ventana platform) was possible in all cases (Table 1).
At 1% cutoff, overall percent agreement was 94.5%, with
a difference in proportion of 1.8. We found high sensitiv-
ity and specificity (95.6% and 93.7%, respectively), with
positive and negative predictive values of 91.7% and
96.8%, respectively, and AUC of 0.95. At 50% cutoff,
the overall percent agreement was slightly higher
(95.8%) with a difference in proportion of 4.2. We found
sensitivity to be 100% and a specificity of 95%, with pos-
itive and negative predictive values of 78% and 100%, re-
spectively, and an AUC of 0.97. Table 2 shows the actual
number of cases for the comparison between E1L3N and
SP263 according to the thresholds b1%, 1%-49%, and
≥50%.

Regarding the comparison between E1L3N and assay
22C3 (Dako platform), at 1% cutoff, we found an overall per-
cent agreement of 77.1%, with a difference in proportion of
35.4. Sensitivity was 96.7% and specificity was 71.7%, with
positive and negative predictive values of 48.4% and 98.8%,
respectively, and an AUC of 0.84.

At 50% cutoff, we found a higher overall percent agree-
ment (88.2), with sensitivity of 100%; specificity of 87%;
positive and negative predictive values of 39% and 100%,
respectively; and an AUC of 0.94 (Table 3). The actual
(%) Spec (%) PPV (%) NPV (%) AUC

71.7 48.4 98.8 0.84
87 39 100 0.94



Table 4 Actual number of cases for the comparison between
E1L3N and 22C3 according to the thresholds b1%, 1%-49%,
and ≥50%

E1L3N

22C3 b1% 1%-49% ≥50% Total

b1% 81 27 5 113
1%-49% 1 7 12 20
≥50% 0 0 11 11
Total 82 34 28 144
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number of cases for the comparison between E1L3N and
22C3 according to the thresholds b1%, 1%-49%, and
≥50% is shown in Table 4.
Fig. 1 Representative images of the same tissue core showing diffuse P

Fig. 2 Proposed algorithm for the use of PD-
Overall, we found E1L3N and SP263 to stain tumor cells
in a similar way, with strong and intense membrane staining;
22C3 stain, on the other hand, tended to be weaker and in
general more difficult to interpret (Fig. 1).

Given the 100% sensitivity at 50% cutoff of E1L3N in
comparison with both SP263 and 22C3 and, therefore, the
lack of false-negative cases, we propose an algorithm for
PD-L1 testing in NSCLC when considering pembrolizumab
as first-line therapy, as depicted in Fig. 2.

Regarding interobserver agreement for the 3 clones, at 1%
cutoff, agreement was 87.2%, 93.6%, and 88.1% for E1L3N,
SP263, and 22C3, respectively (Cohen κ: 0.73, 0.87, and
0.71, respectively); at 50% cutoff, agreement was 95.1%,
94.2%, and 95.4% for E1L3N, SP263, and 22C3, respec-
tively (Cohen κ: 0.82, 0.81, and 0.76, respectively).
D-L1 expression using clone E1L3N (A), SP263 (B), and 22C3 (C).

L1 clone E1L3N in the diagnostic setting.
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4. Discussion
Higher PD-L1 expression on tumor cells generally corre-
lates with higher rates of clinical response to treatment with
PD1/PD-L1 inhibitors; however, this is not always true, as
clinical responses are also observed in patients with tumors
negative for PD-L1 [1,20]. It is reasonable to think that such
discrepancy may be at least in part explained by the fact that a
number of tumors could be misclassified, in terms of PD-L1
expression, due to different factors including expression het-
erogeneity in the tumors [19,21], interclone differences, and
inter-/intraobserver variability. In this regard, we and others
demonstrated striking discordant staining results across dif-
ferent cores from the same tumor, as well as important differ-
ences between validated assays (SP263 and 22C3) [6,8].
Moreover, standardized assays have been optimized to be
run on appropriate platforms, but not all platforms are avail-
able in all laboratories. Finally, such assays are expensive
and therefore difficult to implement, especially in the re-
search setting.

These limitations can hamper the predictive potential of
PD-L1 immunohistochemical evaluation to the point that
other parameters are being explored (eg, tumor mutational
burden). However, it is reasonable to believe that the predic-
tive potential of PD-L1 immunohistochemistry may be sig-
nificantly improved by reducing confounding variables, for
instance, through the harmonization of PD-L1 assessment
across different diagnostic materials (cytology versus diag-
nostic biopsies versus surgical specimens) [22], assays, and
platforms to overcome existing problems related to expres-
sion heterogeneity within tumors and substantial differences
existing between PD-L1 clones. In particular, for the latter is-
sue, it is necessary to define protocols across different plat-
forms that could improve the analytical performance of
different PD-L1 clones to ameliorate their comparability. In
this regard, efforts have been made to tune protocols to ren-
der different PD-L1 assays usable on nondedicated
platforms.

The French harmonization study evaluated 5 anti–PD-L1
monoclonal antibodies (28-8, 22C3, E1L3N, SP142, and
SP263) on 41 NSCLC surgical specimens in 7 centers using
different platforms (Dako Autostainer Link 48 [Dako,
Carpinteria, CA], Ventana BenchMark Ultra [Ventana Med-
ical Systems, Tucson, AZ], and Leica Bond [Leica, Wetzlar,
Germany]). Among the laboratory-developed tests that the
authors developed, clone E1L3N is one of the most widely
used and affordable research-use-only antibodies, largely
used especially in the research setting. For this antibody,
the authors reported high concordance with standardized as-
say SP263 (considered as the reference), with the highest
weighted κ value using the Ventana platform with a specific
protocol [15]. However, a limitation of this study, as reported
by the authors, is that the cases were selected to equally rep-
resent the 3 most significant categories of PD-L1 expression
in NSCLC (b1%, 1%-49%, and ≥50%) which might not be
the case encountered in real practice, where the negative
cases tend to be much more frequent.

Therefore, given the need for further validation studies,
we decided to assess the concordance of E1L3N on Ventana
with assays SP263 and 22C3 run onto their dedicated plat-
forms (Ventana and Dako, respectively) and using the proto-
col reported by Adam et al for E1L3N [15].

Overall, we found very high concordance when com-
paring E1L3N with SP263 at both 1% and 50% cutoffs.
Lower concordance was found between E1L3N and
22C3 at both cutoffs; however, 100% sensitivity was
found for E1L3N compared with both SP263 and 22C3
at 50% cutoff.

A few previous studies evaluated the concordance of
E1L3N with SP263 or 22C3 in smaller cohorts.

Among these, Conde et al evaluated E1L3N on the
Ventana platform and compared results with assay
SP263 in a total of 69 NSCLC cases using whole sections
and found similar positivity rates at 50% cutoff but not at
1% cutoff, where difference in proportions were −12.5
and −17.3 in the discovery and validation cohorts, re-
spectively [9].

In the work by Kim et al on 97 NSCLC cases, E1L3N and
SP263 showed overall percent agreement rates of 94.8% and
95.8% of cases at 1% and 50% cutoff, respectively; slightly
lower values were reported for E1L3N and 22C3, with overall
percent agreement rates of 87.6% and 92.7% at 1% and 50%
cutoff, respectively [10].

Smith et al compared E1L3N on Ventana platform and
SP263 in 100 NSCLC cases using TMAs and found SP263
assay to be more sensitive and with a wider dynamic range
than the E1L3N assay, detecting PD-L1 in 29 additional tu-
mors [13].

Regarding interobserver variability, we found a good
level of concordance between the 2 scoring pathologists
for the 3 clones, in line with the results reported by our
group and others [8,23]. Although we did not use whole sec-
tions for our comparisons, it should be noted that tissue
cores better reflect the actual material that pathologists en-
counter in the daily practice because most cases for which
PD-L1 evaluation is required are composed of diagnostic
biopsies.

In conclusion, we could demonstrate that with an opti-
mized protocol, the PD-L1 clone E1L3N showed high levels
of overall agreement with assay SP263 (94.5% and 95.8% at
1% and 50% cutoff, respectively), whereas lower values were
found with assay 22C3 (77.1% and 88% at 1% and 50% cut-
off, respectively).

Importantly, at 50% cutoff, clone E1L3N showed 100%
sensitivity with both SP263 and 22C3 with no false-negative
cases. Thus, our study shows that clone E1L3N is a reliable
and affordable tool to be used to screen large number of cases
for PD-L1 expression in the research setting as well as a diag-
nostic test when considering pembrolizumab as first-line of
therapy in NSCLC, provided that cases resulting positive
are retested with an approved assay.
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