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1 | INTRODUCTION

Abstract

Background: Programmed death ligand 1 (PD-L1) has been used as a diagnostic
marker to identify patients that will benefit from immune checkpoint inhibitors in
non-small cell lung cancer (NSCLC). Immunohistochemistry with EIL3N clone is one
of the most widely used and inexpensive laboratory-developed tests for PD-L1, but
still need to be compared and validated with standard methods for clinical application.
Methods: We investigated the performance of E1L3N clone for PD-L1 testing in 299
tumor tissues of NSCLC patients and its comparability with FDA-approved 22C3
clone.

Results: The results show that the negative coincidence rate, weak positive coinci-
dence rate, and positive coincidence rate were 97.4%, 92.2%, and 97.6% using the
E1L3N assay relative to the 22C3 assay, respectively. An overall agreement of 96.3%
was achieved between these two assays. We also found that the overall concordances
were 97.8% and 93.9% for PD-L1 detection in large and small specimens, respectively,
and no significant difference was obtained between these two assays (p = 0.076). In
addition, the expression of PD-L1 was not detected in tumor tissues of benign lung
disease using both the E1IL3N and 22C3 assays.

Conclusion: E1IL3N can be used as a reliable alternative antibody clone to evaluate

PD-L1 expression status for NSCLC patients.
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squamous cell carcinoma are the most common subtypes.? In recent

Lung cancer is one of the leading causes of cancer-related death
in the world.! Non-small cell lung cancer (NSCLC) accounts for ap-
proximately 85% of all lung cancers, of which adenocarcinoma and

years, the treatment protocols of NSCLC patients have been dramat-
ically developed, especially the usage of tyrosine kinase inhibitors
in patients with EGFR, ALK, and ROS1 mutations.? However, inhibi-
tors of programmed death 1 (PD-1) and its ligand PD-L1 could be an
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effective therapeutic strategy to improve the survival rate of NSCLC
patients without gene mutations.>*

Despite the emergence of new drugs in immunotherapy, it is still
important to evaluate the beneficiaries accurately for the treatment
of NSCLC patients.® Currently, PD-L1 is the only diagnostic marker
approved in clinical practice for immunotherapy, and immunohisto-
chemistry (IHC) has been widely applied in PD-L1 detection due to
its high efficiency and fast analysis.® So far, four standardized PD-L1
IHC assays have been approved by the Food and Drug Administration
(FDA) for clinical application, including 22C3 and 28-8 pharmDx on
the Dako platform, SP142 and SP263 on the Ventana platform as well
as PD-L1 IHC 22C3 pharmDx.”® However, the predictive and prog-
nostic performances of PD-L1 vary considerably due to differences
in antibody clones, IHC platforms, detection systems, and scoring
algorithms.9 Munari et al.*° reported that the 22C3 and SP263 as-
says showed variable results for identifying PD-L1 positive cases,
resulting in underestimation of patients for pembrolizumab therapy.
In addition, of note, the Dako and Ventana platforms are not univer-
sally available and the standardized PD-L1 assays are expensive for
patients with financial difficulties. Excepting NSCLC, PD-1/PD-L1
inhibitors have also been developed for the treatment of other can-
cers, such as primary adrenal lymphoma,'! gastric cancer,'? kidney
cancer,'® and liver cancer.}* Thus, developing inexpensive and uni-
versal laboratory-developed tests has been strongly advocated by
pathologists to make PD-L1 testing broadly available.*®

The clone E1L3N from the Cell Signaling Technology is one of the
most commonly used and inexpensive PD-L1 antibodies. However,
its diagnostic results were always conflicting when compared with
standardized assays.®1¢” For example, Cogswell et al.'® reported
that EIL3N was more sensitive than 28-8 using the identical detec-
tion method, whereas a contrary result was obtained using the man-
ufacturers’ method. Munari et al.*? found high concordance for the
evaluation of PD-L1 expression between E1L3N and SP263, but low
concordance between E1L3N and 22C3. However, another study en-
rolled 100 NSCLC patients showed that the SP263 assay was more
sensitive for detecting PD-L1 expression in tumor cells and immune
cells than the E1L3N assay.?° Therefore, the clinical application of
PD-L1 E1L3N assay still need to be further analyzed and validated.
In this study, we evaluate the performance of the E1L3N assay for
detecting PD-L1 expression in NSCLC tumor tissues compared with
the 22C3 assay. Moreover, the consistency of E1IL3N clone in large
and small tissue specimens of NSCLC patients was also assessed for

the detection of PD-L1 expression.

2 | MATERIALS AND METHODS

2.1 | Patients

This prospective study was carried out in the Department of
Pulmonary and Critical Care Medicine at the First Affiliated Hospital
of Wenzhou Medical University (Zhejiang, China). Patients were en-
rolled according to the following inclusion criteria from May 1, 2019,

to October 25, 2019: (1) age 218 years; (2) patients were patho-
logically confirmed NSCLC or benign lung disease according to the
Eighth Edition of TNM stage classification of malignant tumors??; (3)
tissue collection was no more than one month or the samples can
be obtained and tested within 1 month; (4) enough formalin-fixed,
paraffin-embedded (FFPE) samples (six slices of 3-5 pm thickness);
(5) patients voluntarily joined the study and signed the informed
consent. Exclusion criteria included the following: (1) the tissue
samples contained very few tumor cells (total number of tumor cells
<100); (2) FFPE samples were not kept as required; (3) patients were
accompanied with other malignant disease or autoimmune diseases.
The study protocol was approved by the Institutional Review Board
of the First Affiliated Hospital of Wenzhou Medical University (No.
2019032). All patients provided written informed consent before
the collection and use of their tissues.

2.2 | Specimen collection and preparation

In this study, specimens were collected from each patient and kept
as FFPE tissue samples. Six sections (3-5 pm thickness) of each
qualified tissue samples were used for PD-L1 detection. All samples
were tested for PD-L1 expression by PD-L1 IHC E1L3N assay (Amoy
Diagnostics) and verified by FDA-approved diagnostic assay PD-L1
IHC 22C3 pharmDx (Agilent Technologies/Dako). For the samples
with inconsistent results, a third reagent PD-L1 IHC SP263 assay
(Roche Ventana) was employed for further verification.

Two consecutive sections were prepared according to the prod-
uct specifications of the PD-L1 IHC E1L3N assay, PD-L1 IHC 22C3
pharmDx, and PD-L1 IHC SP263 assay. The specific requirements
included as follows: (1) EIL3N: the section was placed on an ad-
hered glass slide and baked at 65°C for 2 h. If the section cannot be
tested immediately, it should be stored at 2-8°C and detected within
6 months; (2) 22C3: the section was placed on an adhered glass slide
and baked at 58°C for 1 h. If the section cannot be tested immedi-
ately, it should be stored at 2-8°C and detected within 1 month; (3)
SP263: the section was placed on the adhered slide and detected
within 6 months.

2.3 | The detection of PD-L1 expression using
different antibody clones

In this study, two consecutive sections were simultaneously used
for evaluating different antibody reagents (E1L3N, 22C3 and SP263)
and their corresponding control reagents according to the manufac-
turer's instructions. PD-L1 expressions were detected by PD-L1 IHC
E1L3N assay kit according to the manufacturer's instructions. Two
prepared serial sections were applied for the simultaneous detection
experiment of the PD-L1 IHC E1L3N assay reagent and the blank
control reagent. The E1L3N assay was carried out with the Leica
BOND-MAX automatic immunohistochemical strainer. The 22C3
assay was performed using the DakoAutostainer Link 48 automatic
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immunohistochemical staining system. In addition, the SP263 assay
was conducted by the Ventana Benchmark Ultra automatic immuno-
histochemical staining system.

The Tumor Proportion Score (TPS) was calculated as the per-
centage of viable PD-L1-positive tumor cells in all viable tumor cells
in the section. The PD-L1 negative, weak positive, and positive sam-
ples were defined when TPS < 1%, 1% < TPS < 50%, and TPS 2 50%,
respectively. Representative images of PD-L1 expression detected
by the E1L3N and 22C3 assays were illustrated in Figure 1.

2.4 | Statistical analysis

The expression of PD-L1 in tissue samples detected by the 22C3
assay was considered to be the standard for the consistency evalu-
ation of the E1L3N assay. The degree of agreement was analyzed
by the Kappa test. The consistency between the E1L3N and 22C3
assays for detecting PD-L1 expression in large and small tissue
specimens was measured by the two-sided chi-square test using
IBM SPSS Statistics ver. 23.0 (IBM Corp.). Differences between two
groups were considered to be statistically significant when p < 0.05.

3 | RESULTS
3.1 | Patient characteristics
In this study, a total of 343 patients met the enrollment criteria

and were prospectively entered into the study. Thirty-one patients
were excluded, of which 25 samples had very few tumor cells after

histopathologic examination and six samples had insufficient tissue
samples. Finally, 312 patients were used for further analysis, in-
cluding 299 patients with NSCLC and 13 patients with benign lung
disease. Of the 13 patients with benign lung disease, there were 3
(23.1%) patients with lung hamartoma, 2 (15.4%) patients with tu-
berculosis, 4 (30.8%) patients with granulomatous inflammation, and
the others with chronic inflammatory disease. The number of males
and females was 4 (30.8%) and 9 (69.2%), respectively. Of the 299
patients initially diagnosed with NSCLC, 223 (74.6%) patients were
confirmed as adenocarcinoma and 70 (23.4%) patients as squamous
cell lung cancer by histopathology. In addition, 286 (95.7%) patients
were newly diagnosed in this study. Among these FFPE tissue sam-
ples, 184 (61.5%) samples were collected via surgery operation, 65
(21.7%) samples via pulmonary aspiration, and 43 (14.4%) samples
via bronchoscopy. The detailed clinical characteristics of lung cancer
patients are listed in Table 1.

3.2 | Comparison of PD-L1 testing in tumor tissues
using the E1L3N and 22C3 assays

Among all 299 NSCLC patients, PD-L1 expression was detected in
106 (35.5%) samples using the E1L3N assay, of which 41 (38.7%) and
65(61.3%) samples were defined as positive and weak positive, re-
spectively, as shown in Table 2. In addition, the EIL3N assay detected
193 (64.5%) samples as PD-L1 negative (Table 2). Using the 22C3
assay, 193 (64.5%) samples were determined as PD-L1 negative, 64
(21.4%) samples as weak positive, and 42 (14.1%) samples as positive
(Table 2). We also found that PD-L1 expression was not detected
in 13 samples of patients with benign lung diseases using both the

FIGURE 1 Representative immunohistochemistry images of PD-L1 expression using the clone E1IL3N (A1-A4) and 22C3 (B1-B4). (A1, B1)
Tumor proportion score (TPS) <1%; (A2, B2) 1% < TPS <50%,; (A3, B3) TPS = 50%; (A4, B4) Tumor tissues of benign lung disease. TPS was
calculated as the percentage of viable PD-L1-positive tumor cells in all viable tumor cells in the section. Magnification: 200x
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TABLE 1 Clinical characteristics of patients with non-small cell
lung cancer

Proportion

Characteristics n (%)
Age (years)

<60 105 35.1

260 194 64.9
Sex

Male 179 59.9

Female 120 40.1
Pathological type

Adenocarcinoma 223 74.6

Squamous cell 70 23.4

Large cell 4 1.3

Others 2 0.7
Stage

| 151 50.5

Il 20 6.7

11 45 15.0

\Y 83 27.8
Stage of treatment

Newly diagnosed 286 95.7

Progression 10 3.3

Recurrence after surgery 3 1.0
EGFR/ALK/ROS1gene

Positive 47 15.7

Negative 48 16.1

No detection 204 68.2
Tissue collection

Bronchoscope 43 14.4

Pulmonary aspiration 65 21.7

Surgical operation 184 61.5
Metastatic sites

Lymph nodes 4 1.4

Pleura 2 0.7

Bone 1 0.3

E1L3N and 22C3 assays. Compared with the 22C3 assay, the nega-
tive coincidence rate (NCR), weak positive coincidence rate (WPCR),
and positive coincidence rate (PCR) were 97.4% (94.1-99.2%), 92.2%
(82.7-97.4%), and 97.6% (87.4-99.9%), respectively. The negative
predictive value (NPV), weak positive predictive value (WPPV), and
positive predictive value (PPV) were 97.4% (94.1-99.2%), 90.8%
(81.0-96.5%), and 100.0% (91.4-100.0%), respectively. Of the 299
tumor tissue samples, 288 (96.3%) samples presented the consistent
PD-L1 expression status using both the EIL3N and 22C3 assays. The
degree of concordance for testing PD-L1 expression in tumor tissues
between these two assays was evaluated by the Kappa test, and a
coefficient of 0.929 (p < 0.001) was achieved in this study.

TABLE 2 Comparison of the detection of PD-L1 expression in
tumor tissues between the E1IL3N and 22C3 assays

22C3

Neg? WPos®  Pos® Total

E1L3N Neg 188 5 0 193
WPos 5 59 1 65
Pos 0 0 41 41
Total 193 64 42 299

NPV 97.4% (94.1%~-99.2%)

WPPVE 90.8% (81.0%-96.5%)

ppVf 100.0% (91.4%-100.0%)

NCRE 97.4% (94.1%-99.2%)

WPCR" 92.2% (82.7%~97.4%)

PCR! 97.6% (87.4%-99.9%)

Overall agreement 96.3% (93.5%-98.2%)

?Negative;

bWeak positive;

“Positive;

dNegative Predictive Value;
Weak positive predictive value;
fpositive Predictive Value;
ENegative coincidence rate;
PWeak positive coincidence rate;
ipositive coincidence rate;

195% confidence interval.

TABLE 3 Validation of patients with inconsistent PD-L1
expression using the SP263 assay

No E1L3N 22C3 SP263

1 Weak positive Negative Weak positive
2 Weak positive Negative Negative

3 Negative Weak positive Weak positive
4 Negative Weak positive Weak positive
5 Weak positive Positive Positive

6 Weak positive Negative Weak positive
7 Negative Weak positive Weak positive
8 Negative Weak positive Weak positive
9 Negative Weak positive Weak positive
10 Weak positive Negative Weak positive
11 Weak positive Negative Weak positive

There were 11 cases with inconsistent results of PD-L1 expres-
sion detected by the E1L3N and 22C3 assays, as shown in Table 3.
In these 11 cases, five patients who detected as weak positive by
the 22C3 assay were identified as PD-L1 negative using the E1L3N
assay. On the contrary, another five samples were detected as weak
positive by the E1IL3N assay but negative by the 22C3 assay. In addi-
tion, one patient with PD-L1 positive based on the 22C3 assay was
identified as weak positive by the EIL3N assay. Subsequently, the
expressions of PD-L1 in these 11 cases were validated by the SP263
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assay. The results show that there were four cases in the E1L3N
assay and seven cases in the 22C3 assay that were in agreement
with the SP263 assay (Table 3).

3.3 | Evaluation of PD-L1 expression in large and
small tumor tissues using the E1IL3N and 22C3 assays

Of the 299 FFPE tissue samples, we collected 184 (61.5%) samples
via surgery operation, 65 (21.7%) samples via pulmonary aspiration,
43 (14.4%) samples via bronchoscopy, 4 (1.3%) samples via lymph
node biopsy, 2 (0.7%) samples via pleura biopsy, and 1 (0.4%) sample
via bone biopsy in operating room. Surgical and bone biopsy speci-
mens are defined as large tissue samples, while specimens collected
by pulmonary aspiration, bronchoscopy, lymph node biopsy, and
pleura biopsy are defined as small tissue samples.

Of the 185 large specimens, there were 125 negative, 40 weak
positive, and 20 positive PD-L1 expressions detected by the E1L3N
assay, while 127 negative, 38 weak positive, and 20 positive PD-L1
expressions were obtained using the 22C3 assay (Table 4). Only four
specimens had an inconsistent result. The overall concordance be-
tween these two assays in large tissue specimens was 97.8% (95%
Cl, 94.6-99.4%). Of the 114 small specimens, we identified 68 sam-
ples as PD-L1 negative, 25 samples as weak positive, and 21 samples
as positive using the E1L3N assay. Using the 22C3 assay, however,
there were 66, 26, and 22 samples detected as PD-L1 negative,
weak positive, and positive, respectively. A total of seven small
specimens had inconsistent results, and the overall concordance be-
tween these two assays in small tissue specimens was 93.9% (95%
Cl, 87.8-97.5%). Moreover, there was no significant difference in the
detection of PD-L1 expression in large and small tissue specimens
between the E1L3N and 22C3 assays (p = 0.076).

4 | DISCUSSION

Immunotherapy brings a revolutionary change for cancer treat-
ment.??23 At present, the expression of PD-L1 detected by IHC

TABLE 4 Comparison of the detection
of PD-L1 expression in large and small
tissue specimens between the E1L3N and
22C3 assays E1L3N
Negative
Weak positive
Positive
22C3
Negative
Weak positive
Positive

Overall agreement

295% confidence interval.

Wi LEYJE

has been successfully used to predict the response to anti-PD-1/
PD-L1 inhibitors.?* With the increase of immune checkpoint inhibi-
tors, different antibodies, clones, and platforms were developed for
a specific inhibitor.?> For example, only PD-L1 IHC staining using
22C3 antibody under the Dako platform is approved as a diagnostic
assay by FDA for NSCLC patients with pembrolizumab.?® However,
of note, Marchetti et al.?’ found a high concordance between the
22C3 and SP263 assays for detecting PD-L1 expression in NSCLC
patients. Yet, the Dako and Ventana platforms are not universally
available and still expensive. Thus, it is of great importance and inter-
est to evaluate the diagnostic performance of laboratory-developed
tests (LDTs) for PD-L1 expression.

E1L3N has been proposed as one of the most widely used and
affordable LDTs for evaluating PD-L1 expression. Adam et al.? per-
formed a multicenter study to compare PD-L1 standardized assays
with LDTs and found that E1IL3N can achieve high concordance with
28-8, 22C3, and SP263. Munari et al.”? also reported that E1L3N
had a high concordance with SP263 but a low concordance with
22C3 at both 1% and 50% cutoffs. Moreover, 100% sensitivity was
obtained for EIL3N when compared with both SP263 and 22C3 at
50% cutoff.'? In our study, relative to the 22C3 assay, the negative
coincidence rate (<1%), weak positive coincidence rate (1%-49%),
and positive coincidence rate (250%) of PD-L1 expression detected
with the E1L3N assay were 97.4%, 92.2%, and 97.6%, respectively.
Moreover, an overall agreement of 96.3% was achieved for assaying
PD-L1 expression in tumor tissues between the E1L3N and 22C3 as-
says. We also found that the expression of PD-L1 was not detected
in tumor tissues of benign lung disease using these two assays, sug-
gesting a high specificity for PD-L1 testing.

In general, only histological samples especially large tissues
are used to quantify PD-L1 expression for immunotherapy in clin-
ical trials.?® In clinical practice, however, large histological sam-
ples are difficult to be obtained in NSCLC patients especially at
advanced stage, so small specimens collected by bronchoscopy
can be a good choice. Thus, many researchers have explored the
feasibility and effectiveness of small biopsy specimens for PD-L1

|29

detection. For example, Heymann et a evaluated 214 speci-

mens including cytology, small biopsies, and surgically resected

p
Large (n = 185) Small (n = 114) value
125 (67.6%) 68 (59.6%)
40 (21.6%) 25(21.9%) 0.160
20 (10.8%) 21 (18.4%)
127 (68.6%) 66 (57.9%)
38 (20.5%) 26(22.8%) 0.080
20 (10.8%) 22 (19.3%)
97.8% (94.6-99.4%)? 93.9% (87.8-97.5%) 0.076
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specimens from 188 NSCLC patients for evaluating PD-L1 expres-
sion and found that there were no significant differences in the
PD-L1 positive rate between resection and small biopsy speci-
mens (p = 0.083). Sakakibara et al.®%also reported that cytological
specimens from EBUS-TBNA had the advantages of high consis-
tency with histological specimens and minimal invasion. A study

performed by Skov et al.%!

revealed that 86 pairs of cytological
wax blocks obtained from the same part of the lung tissue were
highly correlated with histological specimens when using the
22C3 and 28-8 assays for PD-L1 detection. For the detection of
PD-L1, in addition, high concordance between paired cytological
smears and formalin-fixed paraffin-embedded samples of NSCLC
patients was also observed using both the 22C3 and SP263 as-
says.>? In the present study, we compared the performance of
PD-L1 expression detection in large and small tissue samples of
NSCLC patients between the E1L3N and 22C3 assays. The results
demonstrate that the overall concordances were 97.8% and 93.9%
for large and small specimens, respectively, and no statistically
significant difference was obtained between these two assays
(p = 0.076). These findings indicate that E1L3N is qualified for de-
tecting PD-L1 expression in both large and small tissue specimens
of NSCLC patients.

5 | CONCLUSIONS

In this study, we found a high consistency for the detection of PD-L1
in tumor tissues of NSCLC patients between the E1L3N and 22C3
assays, which is independent of the sample size. Moreover, these
two assays exhibited a high specificity for PD-L1 testing. Therefore,
E1L3N might be a reliable alternative antibody to assess PD-L1
expression status for NSCLC patients. To our knowledge, this is
the first study to evaluate the performance of PD-L1 detection in
NSCLC patients using clone E1L3N produced by Amoy Diagnostics.
However, further large-scale and multicenter assessments still need
to confirm our conclusions.
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