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ABSTRACT

Introduction: Accurate results on the status of pro-
grammed cell death-ligand 1 (PD-L1) rely on not only the
quality of immunohistochemistry testing but also the ac-
curacy of the pathologic assessments. We explored the
intraobserver and interobserver reproducibility of the
interpretations for the companion diagnostics, the Dako PD-
L1 22C3 pharmDx kit (Dako North America, Inc, Carpinteria,
CA) and the VENTANA PD-L1 (SP263, Ventana Medical
Systems, Inc, Tucson, AZ) assay, and the consistency be-
tween microscopic and digital interpretations of PD-L1.

Methods: A total of 150 surgical specimens diagnosed as
NSCLC from December 2013 to July 2017 were included in
this study. Twenty pathologists from different medical
centers were enrolled to interpret the results of PD-L1 on
the same day. A total of 100 sections were stained with the
22C3 clone and scored for the interobserver reproducibility,
20 cases of which were interpreted twice to assess the
intraobserver reproducibility, and 50 cases of which were
scanned into digital images to measure the consistency
between microscopic and digital interpretations. A total of
44 sections were stained with the SP263 clone and scored
for the interobserver reproducibility.

Results: For the intraobserver reproducibility of 22C3, the
overall percent agreements were 92.0% and 89.0% for bi-
nary tumor evaluation at the cutoffs of 1% and 50%,
respectively. The reliability among the pathologists revealed
a substantial agreement for 22C3, whereas it revealed a
substantial agreement at the cutoff of 1% and moderate
agreement at the cutoffs of 25% and 50% for SP263.
Microscopic and digital interpretations of PD-L1 revealed
good consistency.

Conclusions: Intraobserver and interobserver reproduc-
ibility of the interpretations for PD-L1 was high using the
22C3 clone but lower for the SP263 clone. Corresponding
training on such assessments, especially on the cases
around the specific cutoffs, is essential for markedly
improving such reproducibility. Digital imaging could
improve the reproducibility of interpretation for PD-L1
among pathologists.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Lung cancer is the most common cause of cancer

death worldwide.1 NSCLC accounts for 85% of lung
cancer cases and is often diagnosed at a late stage; by
this stage, the opportunity to undergo surgery has
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already passed for many patients. Several large clinical
studies have revealed the benefits of immunotherapy for
advanced NSCLC; there have been particularly promising
breakthroughs with immune checkpoint inhibitors for
NSCLC.2-6 On the basis of the results of the CheckMate,
KEYNOTE, OAK, and PACIFIC trials, the U.S. Food and
Drug Administration (FDA) has approved pem-
brolizumab, nivolumab, atezolizumab, and durvalumab
for NSCLC7-10 and four auxiliary diagnostic kits (Dako
Programmed Cell Death-Ligand 1 [PD-L1] immunohis-
tochemistry [IHC] 22C3 and 28-8 pharmDx assays [Dako
North America, Inc, Carpinteria, CA] and VENTANA PD-
L1 SP263 and SP142 assays [Ventana Medical Systems,
Inc, Tucson, AZ]). The Dako PD-L1 IHC 22C3 pharmDx
has been approved by the FDA as a companion diag-
nostic for use with pembrolizumab in NSCLC using 1%
and 50% as the cutoffs. The Dako 28-8 pharmDx and
VENTANA SP142 kits were also approved as comple-
mentary diagnostics for use with nivolumab and atezo-
lizumab, respectively. The VENTANA SP263 assay served
as a complementary diagnostic for use with durvalumab
in NSCLC as approved by the FDA. In addition, it is
approved as a companion diagnostic for use with dur-
valumab and pembrolizumab and as a complementary
diagnostic for use with nivolumab by Conformité
Européenne with different cutoffs on the basis of the
results of an AstraZeneca comparison study.11

Accurate results on the status of PD-L1 rely on both
the quality of IHC testing and the accuracy of pathologic
assessments. Several studies have explored the concor-
dance among different PD-L1 antibody clones and have
revealed that 22C3, 28-8, and SP263 have good staining
consistency for tumor cells but poor consistency for
immune cells.11-15 The Blueprint PD-L1 Immunohisto-
chemistry Comparability Project indicated that, although
these three assays had similar analytical performance for
PD-L1 expression, the interchanging of assays and cut-
offs would lead to misclassification of the PD-L1 status in
some patients. A few studies explored both assay
compatibility and consistency of pathologists’ assess-
ments and uniformly revealed that interpathologist
variability was higher than assay variability.11,12,16,17

Therefore, it seems that, when using the approved as-
says, a major challenge could be the variability of pa-
thologists’ assessments. Several studies have explored
the interobserver and intraobserver reproducibility of
such assessments; however, these studies were limited
by too few trained pathologists, a small sample size, or
the use of just a single antibody,18-20 making it easy to
conclude that there was high reproducibility.

Thus, in our study, we aimed to include a greater
number of samples and pathologists to explore the
following: (1) the intraobserver and interobserver
reproducibility regarding the interpretation of the 22C3
clone at the cutoffs of 1% and 50%; (2) the interobserver
reproducibility regarding the interpretation of the SP263
clone at the cutoffs of 1%, 25%, and 50%; (3) the con-
sistency between microscopic and digital in-
terpretations; and (4) the influences of professional
titles, specialty, and the number of working years on the
consistency of interpretation.

Materials and Methods
Case Selection

A total of 150 surgical specimens diagnosed as NSCLC
were randomly enrolled from December 2013 to July
2017 at the Cancer Hospital, Chinese Academy of Medi-
cal Sciences and Peking Union Medical College, Beijing,
People’s Republic of China. Considering the retrospective
nature of the design, this study was approved with no
additional patient consent required.

PD-L1 IHC Assays and Slide Scanning
A total of 150 paraffin blocks were continuously

sliced until at least three tissue sections were obtained
with no less than 100 tumor cells identified on the he-
matoxylin and eosin-stained sections. These sections
were then stained for PD-L1. A total of 100 cases were
stained with the Dako PD-L1 22C3 pharmDx kit (Dako)
using the Dako Autostainer Link 48 Platform (Dako). A
total of 44 cases were stained with the VENTANA SP263
antibody (Ventana) test using the BenchMark ULTRA
detection system (Ventana). Six cases were excluded
owing to insufficient specimens (Fig. 1).

The VENTANA iScan Coreo digital pathologic slide
scanner was used to scan 50 22C3-stained IHC slides and
corresponding hematoxylin and eosin-stained slides to
produce digital images (�400) that served as the digital
material.

Establishment of Reference Values
The tumor proportion score from 0% to 100% was

used to assess PD-L1–stained tissue sections by two
trained senior pathologists in a double-blind indepen-
dent approach to establish reference values. Any
discrepant cases were assessed by two pathologists us-
ing a multiheaded microscope.

Interpreting Pathologists
A total of 20 pathologists from 20 different medical

centers throughout the country were selected to repre-
sent a range of pathologists’ experience, reflecting a
realistic distribution of pathologists. The mean age of the
interpreting pathologists (IPs) was 36 years old (range:
28–47 y), with a median of 11 years of experience
(range: 5–22 y). There were one chief pathologist, six
deputy chief pathologists, 12 attending pathologists, and



Figure 1. Flow diagram revealing the study design. IP, interpretation pathologist; TPS, tumor proportion score.
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one resident pathologist, among whom 17 had received
22C3 training, of whom eight had also trained for SP263
at the same time. One pathologist had only received the
SP263 training.
Scoring of PD-L1 Assays
The eligible slides were read in random order by 20

IPs, who interpreted the tumor proportion score from
0% to 100% by a double-blind, independent method.
The IPs were blinded to their previous interpretations
and to those of the other IPs. Staining of any intensity
that was complete or partial on the tumor membrane (at
a level no <1%) was considered to be positive. The re-
sults of 22C3 were analyzed on the basis of two cutoffs,
1% and 50%, whereas those of SP263 were 1%, 25%,
and 50%.

To reduce the intraobserver and interobserver vari-
ability caused by the heterogeneity of the interpretation
time, all interpretations were completed on the same day
(Fig. 1). For the morning interpretations, 20 IPs inter-
preted 50 cases of 22C3 using light microscopes. The
afternoon interpretations were performed in three parts.
In the first part, 20 IPs reassessed the 20 cases they had
analyzed in the morning. In the second part, 20 IPs
interpreted another 50 22C3 slides using light micro-
scopes and assessed the digital images at the same time.
Owing to some uncontrollable factors, only 12 IPs
completed the digital interpretations. In the third part,
20 IPs interpreted 44 SP263 slides using light
microscopes.
Statistical Analysis
Statistical analyses were undertaken using the SPSS

software (version 23.0; IBM Corp., Armonk, NY). The
overall percentage agreement (OPA), negative percent-
age agreement (NPA), positive percentage agreement
(PPA), and 95% confidence interval (95% CI) were used
to assess the observer reproducibility. The reliability
among the pathologists for binary tumor evaluation with
the specific cutoffs was assessed by Fleiss’ kappa (k),
interpreted as poor to fair (�0.40), moderate (0.41–
0.60), substantial (0.61–0.80), and almost perfect (0.81–
1.00).21 The consistency between microscopic and digi-
tal interpretations was assessed by the OPA and Spear-
man’s correlation test, in which higher consistency was
defined as r greater than or equal to 0.80.

The percentage agreement of each pathologist
compared with the recognition values (as defined sub-
sequently) was assessed as the individual percentage
agreement (IPA). The results recognized by no less than
half of the 20 IPs (if it was only half, the average score
was applied instead) were defined as the recognition
values. For each pairwise comparison among patholo-
gists, the results (total pairs, T) were counted as
concordant pairs (CPs), including negative-negative (NN)
CPs, positive-positive (PP) CPs, and discordant (D) CPs.



Table 1. Intraobserver and Interobserver Reproducibility of the 22C3 Assay

Measurements

Intraobserver (N ¼ 400)a Interobserver (N ¼ 19,000)b

1% 50% 1% 50%

CPs 368 (92.0%) 356 (89.0%) 16,468 (86.7%) 16,948 (89.2%)
Negative-negative 35 (8.8%) 281 (70.3%) 3940 (20.7%) 12,179 (64.1%)
Positive-positive 333 (83.2%) 75 (18.7%) 12,528 (66.0%) 4769 (25.1%)

DCPs 32 (8.0%) 44 (11.0%) 2532 (13.3%) 2052 (10.8%)
Measures of agreement (95% CI)

OPA (%) 92.0 (89.3–94.7) 89.0 (85.9–92.1) 86.7 (86.2–87.1) 89.2 (88.8–89.6)
NPA (%) 68.6 (55.9–81.4) 92.7 (89.8–95.7) 75.7 (74.5–76.8) 92.2 (91.5–93.0)
PPA (%) 95.4 (93.2–97.6) 77.3 (69.0–85.7) 90.8 (90.3–91.3) 82.3 (81.7–82.9)

aN ¼ 20 (the number of IPs) � 100 (the number of cases).
bN ¼ C2

20 (the number of comparison pairs of each case) � 100 (the number of cases).
CI, confidence interval; CP, concordant pair; DCP, discordant CP; IP, interpretation pathologist; NPA, negative percentage agreement; OPA, overall percentage
agreement; PPA, positive percentage agreement.

Table 2. The Reliability Among the Pathologists for Binary
Tumor Evaluations With the Specific Cutoff Points

PD-L1 Clone/Cutoff, % Fleiss’ k Interpretation

22C3
1 0.67 Substantial
50 0.75 Substantial

SP263
1 0.7 Substantial
25 0.46 Moderate
50 0.54 Moderate

PD-L1, programmed cell death-ligand 1.
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The OPAs, NPAs, and PPAs were calculated as follows:

OPA ¼ ðNN þ PPÞ = T

NPA ¼ 2 � NN = ð2 � NN þ DCPÞ

PPA ¼ 2 � PP = ð2 � PP þ DCPÞ:

Results
Intraobserver Reproducibility of the 22C3 Assay

For the cutoffs of 1% and 50%, there were 368 and
16,948 CPs, resulting in OPAs of 92.0% (89.3%–94.7%)
and 89.0% (85.9%–92.1%), respectively (Table 1). There
were four cases (1%–5%) and six cases (35%–60%) for
which no less than half of the IPs had inconsistent results
with the reference value in at least one assessment.

Interobserver Reproducibility of the 22C3 Assay
For the cutoff of 1%, there were 16,468 CPs, resulting

in an OPA of 86.7% (86.2%–87.1%). In 50% of the cases
(50 of 100), the results of the 20 IPs were completely
consistent and agreed with the reference value. For the
cutoff of 50%, there were 16,948 CPs, resulting in an
OPA of 89.2% (88.8%–89.6%) (Table 1). In 66% of the
cases (66 of 100), the results of the 20 IPs were
completely consistent and agreed with the reference
value. The reliability among the pathologists for binary
tumor evaluations both at the cutoffs of 1% and 50%
revealed substantial agreement (k ¼ 0.67 and k ¼ 0.75,
respectively) (Table 2).

For the cutoff of 1%, there were 11 cases in which the
recognition value was inconsistent with the reference
value (range: 0%–5%). For the cutoff of 50%, there were
10 cases in which the recognition value was inconsistent
with the reference value (range: 40%–60%). These
special cases were all close to the specific cutoffs, 1% or
50%.

A total of 100 22C3 stained slides were divided into
two for interpretation in the morning and afternoon. For
the cutoff of 1%, there were 8025 and 8443 CPs,
resulting in OPAs of 84.5% (83.7%–86.6%) and 88.9%
(88.2%–89.5%), respectively. For the cutoff of 50%,
there were 8228 and 8720 CPs, resulting in OPAs of
86.6% (85.9%–87.3%) and 91.8% (91.2%–92.3%),
respectively.

Interobserver Reproducibility of the SP263 Assay
For the cutoff of 1%, there were 7708 CPs, resulting

in an OPA of 92.2% (91.6%–92.8%). In 72.7% of the
cases (32 of 44), the results of the 20 IPs were
completely consistent and agreed with the reference
value. For the cutoff of 25%, there were 6105 CPs,
resulting in an OPA of 73.0% (72.1%–74.0%) (Table 3).
In 29.5% of the cases (13 of 44), the results of the 20 IPs
were completely consistent and agreed with the refer-
ence value. For the cutoff of 50%, there were 6849 CPs,
resulting in an OPA of 81.9% (81.1%–82.8%). In 34.1%
of the cases (15 of 44), the results of the 20 IPs were
completely consistent and agreed with the reference
value. The reliability among the pathologists for a binary



Table 4. Interobserver Reproducibility of Assessment of the 22C3 Assay in Microscopic and Digital Interpretations

Measurements

22C3 (N ¼ 3300)a

Microscopic Interpretation Digital Interpretation

1% 50% 1% 50%

CPs 2957 (83.5%) 2997 (90.8%) 3050 (92.4%) 3005 (91.1%)
Negative-negative 681 (20.6%) 1823 (55.2%) 667 (20.2%) 1794 (54.4%)
Positive-positive 2276 (62.9%) 1174 (35.6%) 2383 (72.2%) 1211 (36.7%)

DCPs 343 (16.5%) 303 (9.2%) 250 (7.6%) 295 (8.9%)
Measures of agreement (95% CI)
OPA (%) 83.5 (82.2–84.7) 90.8 (89.8–91.8) 92.4 (91.5–93.3) 91.1 (90.1–92.0)
NPA (%) 79.9 (77.2–82.6) 92.3 (91.2–93.5) 84.2 (81.7–86.8) 92.4 (91.2–93.6)
PPA (%) 93.0 (92.0–94.0) 88.6 (86.9–90.3) 95.0 (94.2–95.9) 89.1 (87.5–90.8)
Kappa 0.73 (0.70–0.75) 0.81(0.79–0.83) 0.79 (0.77–0.82) 0.82 (0.79–0.83)

aN ¼ C2
12 (the number of comparison pairs of each case) � 50 (the number of cases).

CI, confidence interval; CP, concordant pair; DCP, discordant CP; NPA, negative percentage agreement; OPA, overall percentage agreement; PPA, positive
percentage agreement.

Table 3. Interobserver Reproducibility of the SP263 Assay

Measurements

SP263 (N ¼ 8360)a

1% 25% 50%

CPs 7708 (92.2%) 6105 (73.0%) 6849 (81.9%)
Negative-negative 947 (11.3%) 3157 (37.8%) 5353 (64.0%)
Positive-positive 6761 (80.9%) 2948 (35.2%) 1496 (17.9%)

DCPs 652 (7.8%) 2255 (27.0%) 1511 (19.1%)
Measures of agreement (95% CI)
OPA (%) 92.2 (91.6–92.8) 73.0 (72.1–74.0) 81.9 (81.1–82.8)
NPA (%) 74.4 (72.0–76.8) 73.7 (72.4–75.0) 87.6 (86.8–88.5)
PPA (%) 95.4 (94.9–95.9) 72.3 (71.0–73.7) 66.4 (64.5–68.4)

aN ¼ C2
20 (the number of comparison pairs of each case) � 44 (the number of cases).

CI, confidence interval; CP, concordant pair; DCP, discordant CP; NPA, negative percentage agreement; OPA, overall percentage agreement; PPA, positive
percentage agreement.
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tumor evaluation revealed substantial agreement at the
cutoff of 1% (k ¼ 0.70) and moderate agreement at the
cutoffs of 25% and 50% (k ¼ 0.46 and k ¼ 0.54,
respectively) (Table 2).

For the cutoff of 1%, there were two cases in which
the recognition value was inconsistent with the refer-
ence value (range: 2%–5%). For the cutoff of 25%,
there were five cases in which the recognition value
was inconsistent with the reference value (range:
15%–35%). For the cutoff of 50%, there were three
cases in which the recognition value was inconsistent
with the reference value (range: 50%–60%). These
special cases were all close to the specific cutoffs, 1%,
25%, or 50%.
The Consistency Between Microscopic and
Digital Interpretations and the Interobserver
Reproducibility of These Interpretations

For the cutoff of 1%, the OPAs of the microscopic and
digital interpretations were 83.5% (82.2%–90.8%) and
92.4% (91.5%–93.3%), respectively. For the cutoff of
50%, the OPAs were 90.8% (89.8%–91.8%) and 91.1%
(90.1%–92.0%), respectively (Table 4). The consistency
between microscopic and digital interpretations (inter-
observer reproducibility) revealed OPAs of 93.5%
(91.5%–95.5%) and 92.0% (89.8%–94.2%), respec-
tively. Microscopic and digital interpretations were
consistent (r ¼ 0.83) at the cutoffs of 1% and 50%
(Table 5). In most inconsistent cases, the reference
values were close to the specific cutoffs, 1% or 50%.
The Influence of Professional Titles, Specialty,
or the Number of Working Years on the
Consistency of Interpretation

For the interpretations of PD-L1 stained with the
22C3 clone, the median IPA of the 20 IPs was 90.0%
(range: 85%–95%) at the cutoff of 1%. There were seven
IPs whose IPAs were lower than 90%, including one
chief pathologist, two deputy chief pathologists, and four
attending pathologists. The lowest IPA was that of an



Table 5. The Consistency Between Microscopic and Digital Interpretations

Measurements

22C3 (N ¼ 600)a

1% 50%

CPs 561 (93.5%) 552 (92.0%)
Negative-negative 130 (21.7%) 332 (55.3%)
Positive-positive 431 (71.8%) 220 (36.7%)

DCPs 39 (6.5%) 48 (8.0%)
Measures of agreement (95% CI)

OPA (%) 93.5 (91.5–95.5) 92.0 (89.8–94.2)
P 0.83 (0.77–0.88) 0.83 (0.77–0.88)

aN ¼ 12 (the number of IPs) � 50 (the number of cases).
CI, confidence interval; CP, concordant pair; DCP, discordant CP; OPA, overall percentage agreement.
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attending pathologist who was not trained in interpret-
ing 22C3 antibody staining, whereas the other six pa-
thologists were trained. Only two of these seven IPs had
subspecialized in lung carcinoma. The median IPA was
93.0% (range: 83%–98%) at the cutoff of 50%, with
three IPs having a level lower than 90%, including two
attending pathologists and one resident pathologist, who
had all received 22C3 training, whereas two had sub-
specialized in lung carcinoma.

For the interpretations of PD-L1 stained with the
SP263 clone, the median IPA of the 20 IPs was 95.5%
(range: 88.6%–100%) at the cutoff of 1%. There were
two IPs whose IPAs were lower than 90%, including one
deputy chief pathologist and one attending pathologist,
both of whom had subspecialized in lung carcinoma but
had not undergone training for the SP263 assay. The
median IPA was 79.5% (range: 70.5%–88.6%) at the
cutoff of 25%, with 11 IPs lower than 80%, including
three deputy chief pathologists, seven attending pathol-
ogists, and one resident pathologist, with five IPs having
received SP263 training and two of these IPs having
subspecialized in lung carcinoma. The median IPA was
93.2% (range: 54.5%–100%) at the cutoff of 50%, with
three IPs lower than 80%, including one deputy chief
pathologist and two attending pathologists. The deputy
chief pathologist had received SP263 training but was
not subspecialized in lung carcinoma, and the attending
pathologists were subspecialized in this but had not
undergone training for SP263.

Discussion
On the basis of the results of the CheckMate, KEY-

NOTE, OAK, and PACIFIC trials, PD-L1 expression is
currently used for immunotherapy in patients with
advanced NSCLC, in whom accurate pathologic assess-
ments are of great importance, especially for the com-
panion diagnostic assays. Several studies have revealed
that pathologic assessments of tumor cell scoring in
NSCLC were highly reproducible. However, in some
studies, the number of pathologists or cases enrolled
was too small; thus, high reproducibility could easily be
identified. Moreover, almost all the pathologists in these
studies had been trained in interpreting the corre-
sponding assays, which does not reflect actual diagnostic
practice.17-19 In contrast, the pathologists selected in this
study were from different medical centers, with diversity
in their training and experience.

In a study for NSCLC by Cooper et al.,18 five pathol-
ogists assessed 60 22C3 stained samples to determine
the intraobserver reproducibility, with OPAs of 89.7%
and 91.3% being reported for the cutoffs of 1% and
50%, respectively. Although we also observed high
intraobserver reproducibility, it was higher for the cutoff
of 1%, which could be attributed to the case selection
with more cases having the level of PD-L1 of approxi-
mately 50% but far away from 1%. In addition, most
pathologists (17 of 20) in this study had undergone
training for the 22C3 assay. Interobserver reproduc-
ibility of 22C3 was similar to that in other studies, which
revealed high reproducibility among trained patholo-
gists, but it was lower at the cutoff of 1% than in other
studies.10,11,17 Although the task of interpreting findings
may be more burdensome in the afternoon, the inter-
observer reproducibility in the afternoon was not worse
than that in the morning and was in fact actually slightly
higher. Although the fatigued state may be a factor
influencing the interpretation of findings, fatigue had
little influence in this study, and this is the ordinary state
of pathologic work in the People’s Republic of China. In
terms of the reliability among the pathologists for binary
tumor evaluations at the cutoffs of 1% and 50%, there
was substantial agreement, which was mainly accom-
plished because most IPs had undergone systematic
training. In contrast, interobserver reproducibility was
lower for SP263, with OPAs of 73.0% and 81.9% for the
cutoffs of 25% and 50%, respectively. These were lower
than that at the cutoff of 1%, which contrasts with the
findings of earlier studies. In addition, the reliability
among the pathologists for binary tumor evaluations
revealed substantial agreement at the cutoff of 1% and
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moderate agreement at the cutoffs of 25% and 50%.
These results could have been caused by the case se-
lection and distribution in our study; more importantly,
17 of 20 IPs had undergone 22C3 training, whereas only
nine of 20 had for SP263. Therefore, the degrees of
agreement at the cutoffs of 1% and 50% are higher than
25%. In addition, the interpretation of 25% is more
subjective than the other two cutoffs, which is similar to
the case for the interpretation of Ki-67 status, using 14%
as the cutoff. Combining the results for the interpretation
of PD-L1 stained with two antibodies, the cases in which
the recognition values were inconsistent with the
reference values reflected that the levels of both intra-
observer and interobserver reproducibility were lower
for the cases around the specific cutoffs despite most
pathologists having undergone training for the inter-
pretation. Although there are few cases near the
threshold in practice, accurate interpretation of such
cases would directly affect the therapeutic choice. Thus,
the training for cases around the specific cutoffs could
play a crucial role in improving the intrareproducibility
or interreproducibility and providing accurate guidance
for clinical treatments. Of course, in this context, there
are various pitfalls and challenges, to which attention
should be paid, including staining of macrophages or
other immune cells, incomplete and/or weak membrane
staining, and concurrent cytoplasmic staining.

With the development and increasing spread of dig-
ital pathology, greater attention has been paid to the
feasibility of digital diagnostics instead of optical di-
agnostics; however, there are limited designs to compare
the consistency between digital diagnostics and optical
diagnostics. Hence, in this study, we explored the con-
sistency between the microscopic and digital in-
terpretations of PD-L1. These revealed strong
consistency at the cutoffs of 1% and 50% (r ¼ 0.83), in
agreement with the results of Blueprint 2.14 Further-
more, we did match the digital and glass slide scores
from each pathologist to make the results more reliable.
Interobserver reproducibility for the digital interpreta-
tion was higher than that for the microscopic interpre-
tation, which could have been due to the ability of digital
imaging to achieve a full preview and focused observa-
tion. These findings mean that it might be possible to
improve the observer reproducibility through a digital
scoring system. Limited by the deficiency of
immunotherapy-related information, we can only make
comparisons at the methodological level and cannot
predict the correlation with clinical outcomes.

To explore the influence of training on the interob-
server reproducibility of interpretations of PD-L1, we
analyzed the agreement between trained and untrained
pathologists. Because in our study most pathologists (17
of 20) had been trained in 22C3 interpretation whereas
for SP263 the numbers of pathologists with and without
training were similar (9:11), we only discussed the
SP263. For the cutoffs of 25% and 50%, no substantial
differences were found between the trained and un-
trained groups, but for the cutoff of 1%, interobserver
reproducibility of the trained group was slightly higher
than that of the untrained group, which could reflect the
effect of training. As mentioned earlier, training, espe-
cially for the interpretation of specific cutoffs, is essential
to improve reproducibility among pathologists.

To explore the influence of professional titles, spe-
cialty, and the number of working years on the consis-
tency of interpretation, we selected 20 pathologists from
different medical centers throughout the country. We
found that pathologists with a lower IPA than most IPs
included those with any professional title, regardless of
the specialty or the number of working years. Therefore,
it seems that these factors are not so important for
interobserver reproducibility. On one hand, pathologists’
previous experience may affect the interpretation of PD-
L1, such as the interpretation of weak or incomplete
membrane staining on HER2. On the other hand, it may
replace part of the interpretation training of PD-L1 to
some extent because all markers stained on the mem-
brane are similar in interpretation. However, we still
emphasize the importance of targeted training for spe-
cific markers as used as the companion diagnostics.

In conclusion, we found the following: (1) Intra-
observer and interobserver reproducibility of PD-L1 IHC
interpretations was high using the 22C3 clone but lower
for the SP263 clone. Corresponding training, especially
on cases around the specific cutoffs, is essential for
marked improvement of the reproducibility. (2) There
was strong consistency between the microscopic and
digital interpretations for specific cutoffs on 22C3 clone
staining. Digital interpretation could improve the
reproducibility among pathologists. (3) Professional ti-
tles, specialty, and the number of working years had no
impact on the consistency of interpretation.
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