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Background: The prediction of response to immunotherapy mostly depends on the programmed death-ligand 

1 (PD-L1) immunohistochemistry (IHC) status, and the 22C3 pharmDx assay has been approved in esophageal 

squamous cell carcinoma (ESCC). However, the widespread use of the 22C3 pharmDx assay is limited due to 

its availability. Thus, alternative PD-L1 assays are needed. We aimed to investigate the analytical and clinical 

diagnostic performances of four PD-L1 assays and to compare their concordances with the 22C3 pharmDx assay. 

Methods: The PD-L1 22C3 pharmDx assay was performed on the Dako Autostainer Link 48 platform, three testing 

assays (PD-L1 E1L3N XP antibody [Ab], PD-L1 BP6099 Ab and PD-L1 CST E1L3N Ab) on the Leica BOND-MAX/III 

platform, and one testing assay (PD-L1 MXR006 Ab) on the Roche VENTANA Benchmark Ultra platform. A total 

of 218 ESCC cases from four centers were included in this retrospective study. Professionals from each center 

stained and read the IHC slides independently and determined the combined positive score (CPS) and the tumor 

proportion score (TPS). 

Results: Regarding analytical performance, the four testing assays demonstrated good correlations with the 22C3 

pharmDx assay when evaluated by the TPS or CPS ( 𝜌 > 0.8 for all four assays). Regarding diagnostic performance 

(CPS ≥ 10 was used as the cutoff), the four testing assays showed moderate concordances with the 22C3 pharmDx 

assay (kappa > 0.7 for all four assays). The overall percent agreements between each testing assay and the 22C3 

pharmDx assay was at least 87.2 %. 

Conclusion: This study provides insight into the potential interchangeability of the four PD-L1 assays with the 

22C3 pharmDx assay. 
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. Introduction 

Immunotherapy with immune checkpoint inhibitors, including pro-

rammed cell death protein 1 (PD-1) and programmed cell death-ligand

 (PD-L1) inhibitors, has become an important part of the treatment

or advanced cancers. Immunohistochemistry (IHC) expression of PD-

1 has been recognized as a critical marker to predict immunotherapy

esponse. 1 The US Food and Drug Administration (FDA) has approved
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our PD-L1 IHC assays (22C3, 28-8, SP263 and SP142) as companions

r complementary diagnostics. However, each approved assay must be

sed on its associated IHC platform, detection system and scoring al-

orithm, which has brought large complexity to clinical and patholog-

cal applications. Therefore, comparative studies on the PD-L1 assays

ave arisen in recent years. 2-10 The representative Blueprint Projects

ave investigated the interchangeability of the four FDA-approved as-

ays regarding their analytical and clinical diagnostic performances in
ovember 2023 
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on-small cell lung carcinoma, and the results have shown high concor-

ance and interchangeability of the 22C3, 28-8 and SP263 assays when

coring tumor cells. 2 , 4 

There have also been numerous comparative studies on non-FDA-

pproved assays. These assays can be made de novo or from any change

n the protocol for an FDA-approved IHC assay. Notably, a meta-analysis

f 57 comparative studies demonstrated that properly designed as-

ays may perform equally well to the original FDA-approved assays

nd even better than other analytically comparable FDA-approved as-

ays. 11 For example, the non-FDA-approved PD-L1 assay (the 22C3

ssay performed on the VENTANA platform) showed good consis-

ency, 12 and even higher diagnostic accuracy than the FDA-approved

8-8 and SP263 assays when compared to the standard 22C3 phar-

Dx assay (Dako platform) . 11 , 13 , 14 The E1L3N assays used in some

linical trials and laboratory studies have also achieved high concor-

ance with the 22C3 IHC pharmDx assay in several comparative stud-

es. 9 , 10 , 15-17 For example, Hodgson et al. compared the analytical and

linical diagnostic performances between the E1L3N and FDA-approved

2C3, SP263 and SP142 assays, and the results showed remarkable

oncordance. 9 

With respect to esophageal squamous cell carcinoma (ESCC), the

hase III KEYNOTE 181 trial showed that pembrolizumab prolonged

verall survival compared with chemotherapy and when used as a

econd-line therapy in advanced ESCC patients, with a PD-L1 combined

ositive score (CPS) ≥ 10. Based on this trial, the FDA approved the use

f pembrolizumab as a second-line monotherapy for recurrent and/or

etastatic ESCC in patients with a PD-L1 CPS ≥ 10 using the 22C3

harmDx assay. 18 Furthermore, the KEYNOTE 590 trial showed that

embrolizumab plus chemotherapy used as first-line therapy could im-

rove overall survival in ESCC patients with a CPS ≥ 10. However, the

idespread use of the PD-L1 22C3 pharmDx assay is limited, and more

lternatives are desired. 

Our present study aimed to compare the analytical and clinical diag-

ostic performances of the four PD-L1 assays (PD-L1 E1L3N XP antibody

Ab], PD-L1 MXR006 Ab, PD-L1 BP6099 Ab, PD-L1 CST E1L3N Ab) and

he 22C3 pharmDx assay in ESCC and illustrate their interchangeabili-

ies. 

. Materials and methods 

.1. Specimens 

This retrospective multicenter study included 218 ESCC patients

ho underwent endoscopic biopsy or esophagectomy between June

020 and June 2021. Among them, 69 biopsy samples were obtained

rom the Cancer Hospital, Chinese Academy of Medical Sciences, 50

iopsy samples were from Guangdong General Hospital, Guangdong

cademy of Medical Sciences, 24 biopsy samples and 25 surgical sam-

les were from the West China Hospital, Sichuan University, and 50

urgical samples were from the Fudan University Shanghai Cancer

ospital. 

.2. IHC staining and interpretation of PD-L1 

For the pilot trial, 10 biopsy samples were selected and serially sliced

n the Cancer Hospital, Chinese Academy of Medical Sciences (the main

enter) and then stained and scored independently for the PD-L1 22C3

harmDx assay in four centers. The results were used to assess the consis-

ency of IHC staining and interpretation among the four centers. These

0 cases were not included in the formal study. 

The formal study included a total of 218 specimens from four centers.

athologists from each of the four centers stained and assessed the PD-L1

2C3 pharmDx assay and four testing assays independently using their

wn specimens. The Dako PD-L1 22C3 pharmDx assay (Dako) was used

s a reference assay on the Dako Autostainer Link 48 Platform (Dako).

he other four testing assays included three (PD-L1 E1L3N XP Ab, PD-L1
163
P6099 Ab and PD-L1 CST E1L3N Ab) on the Leica BOND-MAX/III plat-

orm and one (PD-L1 MXR006 Ab) on the Roche VENTANA Benchmark

ltra platform. Detailed information on these four testing PD-L1 assays

s shown in Supplementary Table 1, and detailed IHC staining protocols

as shown in Supplementary Table 2. 

PD-L1 expression was assessed to determine the tumor proportion

core (TPS) and CPS by two pathologists from each center who were cer-

ified to perform PD-L1 scoring. During the assessment, we rigorously

dhered to the double-blind principle, wherein the pathologists were un-

ware of the assay and case information, thereby facilitating the most

uthentic and objective evaluation feasible. All sections had at least 100

iable tumor cells. The TPS was defined as the number of positive tu-

or cells divided by the total number of viable tumor cells (continuous

ariable; 0 to 100%); the CPS was defined as the number of positive tu-

or cells, tumor-associated lymphocytes and macrophages divided by

he total number of viable tumor cells and multiplied by 100 (continu-

us variable; 0 to 100). A clinically relevant cutoff (CPS ≥ 10) was used.

he mean scores of the two pathologists were recorded. Samples with

argely different scores were evaluated again by both pathologists until

 consensus was reached. 

.3. Statistical analysis 

SPSS 23.0 (IBM Corp., Armonk, NY, United States) and R software

or Windows version 3.6.3 were used to analyze the data and to plot

he figures. To assess the similarity in staining and scoring between the

2C3 pharmDx assay and the four different testing assays, bubble plots

nd pairwise Spearman’s rank correlation coefficients ( 𝜌) were gener-

ted pairwise between assays for TPS and CPS. Agreement across pos-

tivity thresholds was assessed using weighted Cohen’s kappa (kappa

alues 0.40 to 0.69 indicated weak agreement, 0.70 to 0.79 indicated

oderate agreement, 0.80 to 0.89 indicated strong agreement, and ≥ 0.9

ndicated nearly perfect agreement). 4 Pairwise calculations for the over-

ll percent agreement (OPA), positive percent agreement and negative

ercent agreement between the 22C3 pharmDx assay and four different

esting assays were performed. 

. Results 

.1. Analytical comparison of four PD-L1 testing assays 

.1.1. PD-L1 staining to determine the CPS and TPS 

Representative IHC images for the five assays used in this study are

hown in Fig. 1 . The CPS and TPS for 218 cases using five assays are

hown in Fig. 2 . The four testing assays showed good correlation with

he 22C3 pharmDx assay across the samples with respect to both the CPS

nd TPS. The distributions of the CPS and TPS for each assay among

he 218 cases are shown in Fig. 3 . In general, the distribution of the

PS and TPS was similar between the four testing assays and the 22C3

harmDx assay, although the number of samples with a CPS < 1 was

lightly higher with the 22C3 pharmDx assay than with the other four

esting assays. 

.1.2. Pairwise comparisons of PD-L1 staining according to the CPS and 

PS 

The pairwise comparisons between the four different testing assays

nd the 22C3 pharmDx assay are shown in Fig. 4 . Each bubble plot

epresents a comparison between the 22C3 pharmDx assay (indicated

n the x-axis) and one testing assay (shown on the y-axis). Each testing

ssay demonstrated good correlation with the 22C3 pharmDx assay for

oth the CPS and TPS ( 𝜌 > 0.8 for all cases). 

.2. Clinical diagnostic performance comparison 

Continuous CPSs were stratified by a cutoff of ≥ 10, which is used in

linical practice. Differences in PD-L1 positivity among the five assays
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Fig 1. Examples of representative PD-L1 immunohistochemical images with the 22C3 pharmDx assay and four PD-L1 assays at 200 × magnification. Assay1: PD-L1 

E1L3N XP Ab; Assay2: PD-L1 MXR006 Ab; Assay3: PD-L1 BP6099 Ab; Assay4: PD-L1 CST E1L3N Ab. Scale bar, 50 μm. Ab, antibody. 

Fig 2. Analytical comparison of the CPS and TPS by case, for each assay. Data points represent the mean score from two pathologists for each assay in each case. 

Assay1: PD-L1 E1L3N XP Ab, Assay2: PD-L1 MXR006 Ab, Assay3: PD-L1 BP6099 Ab, Assay4: PD-L1 CST E1L3N Ab. Ab, antibody; CPS, combined positive score; 

TPS, tumor proportion score. 

164
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Fig 3. A detailed description of the distribution of PD-L1 expression across five assays for the combined positive score and tumor proportion score. Assay1: PD-L1 

E1L3N XP Ab, Assay2: PD-L1 MXR006 Ab, Assay3: PD-L1 BP6099 Ab, Assay4: PD-L1 CST E1L3N Ab. Ab, antibody. 

Fig 4. Pairwise comparisons between each of the four testing assays and the 22C3 pharmDx assay for the CPS and TPS and their corresponding pairwise Spearman’s 

rank correlation coefficients ( 𝜌). Assay1: PD-L1 E1L3N XP Ab, Assay2: PD-L1 MXR006 Ab, Assay3: PD-L1 BP6099 Ab, Assay4: PD-L1 CST E1L3N Ab. Ab, antibody; 

CPS, combined positive score; TPS, tumor proportion score. 

165
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Fig 5. A heatmap used to visualize concordance between the five PD-L1 assays in the 218 cases. Positive cases were defined as those with a CPS ≥ 10. Assay1: PD-L1 

E1L3N XP Ab, Assay2: PD-L1 MXR006 Ab, Assay3: PD-L1 BP6099 Ab, Assay4: PD-L1 CST E1L3N Ab. Ab, antibody. CPS, combined positive score. 

Fig 6. A Venn diagram showing the concor- 

dances of positive cases (CPS ≥ 10) between 

each testing assay and the 22C3 pharmDx as- 

say (the positive cases evaluated with the 22C3 

assay are shown in the circle on the left, and 

the positive cases evaluated by the four test- 

ing assays are shown in the circle on the right). 

Assay1: PD-L1 E1L3N XP Ab, Assay2: PD-L1 

MXR006 Ab, Assay3: PD-L1 BP6099 Ab, As- 

say4: PD-L1 CST E1L3N Ab. Ab, antibody. CPS, 

combined positive score. 
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3  
an be visualized in Fig. 5 . When evaluated by all five assays, 49/218

22.5%) cases were classified as all positive, 125/218 (57.3%) cases

ere classified as all negative; additionally, 44/218 (20.2%) patients

howed discordance in their positive status among the five assays. The

pecific concordance for the positive cases between each testing assay

nd the 22C3 pharmDx assay is shown in Fig. 6 . 
166
Cohen’s kappa statistic showed moderate agreement between each

esting assay and the 22C3 pharmDx assay, with kappa values ranging

rom 0.710 to 0.785 for all samples (Supplementary Table 3). The OPA,

ositive percent agreement and negative percent agreement for the to-

al, surgical and biopsy samples are also shown in Supplementary Table

. The OPAs for the total 218 cases between each testing assay and the
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2C3 pharmDx assay were 87.2%, 90.1%, 88.0% and 89.4%, respec-

ively. There was no significant difference in concordance between each

esting assay and the 22C3 pharmDx assay for either surgical or biopsy

amples. 

. Discussion 

Due to the complexity of the PD-L1 assay testing procedure, a large

umber of comparative studies have been performed in recent years.

revious comparative studies mostly compared the FDA-approved PD-

1 assays in non-small cell lung cancer, head and neck squamous cell

arcinoma, and urothelial carcinoma or gastric adenocarcinoma. 2-10 The

ssays included in our comparative study were four non-FDA-approved

D-L1 assays, and they were compared with the 22C3 pharmDx assay

n ESCC samples. 

Regarding the comparison of analytical performance, our results

howed good correlation ( 𝜌 > 0.8 for all four assays) between each PD-

1 assay and the 22C3 pharmDx assay, and the results were similar to

hose in some previous studies. For example, Zajac M. et al. showed a

ood linear analytical association among four FDA-approved PD-L1 as-

ays when evaluating immunocytes in urothelial carcinoma ( 𝜌 = 0.91

etween the 22C3 pharmDx and SP263 assays, 𝜌 = 0.88 between the

8-8 pharmDx and SP263 assays, and 𝜌 = 0.87 between the SP142 and

P263 assays). 19 

Regarding the comparison of clinical diagnostic performance, we

lso showed moderate concordance (kappa > 0.7 for all four assays), and

he OPA between each testing assay and the 22C3 pharmDx assay was

t least 87.2%. However, the concordances varied in previous compari-

on studies, which may be the result of using different PD-L1 assays and

ample types (surgical, biopsy, or tissue microarray [TMA] specimens)

n various types of cancer. Ahn S. et al. showed strong concordance

etween the 22C3 pharmDx and 28-8 pharmDx assays in gastric adeno-

arcinoma (kappa = 0.927 and 0.899 at CPS = 1 and CPS = 10 cutoff

alues, respectively). 6 Munari E. et al. manifested a moderate concor-

ance between the 22C3 pharmDx and SP263 assays in urothelial car-

inoma TMA samples (kappa = 0.77 and OPA = 89.6%). Nevertheless,

im SW. et al. reported weak concordance when comparing the 22C3

harmDx assay and the SP263 assay in gastric adenocarcinoma samples

kappa = 0.311 and OPA = 61% in biopsy specimens at a CPS = 1 cutoff

alue). 5 Notably, Cerbelli B. et al. showed similar results to ours in the

ame histotype of cancer: squamous cell carcinoma. The concordances

ere moderate when they compared the 22C3 pharmDx assay and the

P263 assays in head and neck squamous cell carcinoma (kappa = 0.891

nd OPA = 98% at a CPS = 1 cutoff value, and kappa = 0.808 and

PA = 90% at a CPS = 20 cutoff value). 7 Based on these findings, our

on-FDA-approved PD-L1 assays may achieve considerable consistence

s FDA-approved PD-L1 assays did. 

Non-FDA-approved PD-L1 assays cannot be directly used in clini-

al diagnosis and treatment, but some, such as the E1L3N assay, are

idely used in the laboratory. Moreover, the E1L3N assay was in-

luded in a considerable number of previous comparison studies, which

howed moderate to strong concordance between the E1L3N and the

DA-approved PD-L1 assays. 9 , 10 , 15 , 17 , 20 , 21 Tretiakova M. et al. showed

hat the kappa value was only slightly lower between the E1L3N and

2C3 pharmDx assays (kappa = 0.81) than between the 22C3 phar-

Dx and 28-8 pharmDx assays (kappa = 0.84) in bladder carcinomas. 10 

odgson A. et al. compared the consistency among the E1L3N assay and

hree FDA-approved PD-L1 assays (22C3, SP263 and SP142) in urothe-

ial carcinoma of the bladder, and the results showed strong concor-

ance between the E1L3N and 22C3 pharmDx assays (kappa = 0.866)

hen evaluating immunocytes, and the concordance was higher than

hose found between any two of the three FDA-approved PD-L1 assays

kappa = 0.722, 0.567, 0.519, respectively). 9 In addition, Rimm DL.

t al. showed a higher consistency between the E1L3N and 28-8 phar-

Dx assays than between the 22C3 pharmDx and 28-8 pharmDx assays

n non-small cell lung carcinoma. 17 Similar to previous studies, we also
167
howed moderate concordance between the E1L3N and 22C3 pharmDx

ssays in ESCC (kappa = 0.712 and 0.764 for assay1 and assay4, re-

pectively). Noteworthy, previous studies have shown that E1L3N, com-

ared to the 22C3 pharmDx assay, may be more appropriate for earlier

amples, since the glycan part of the 22C3 epitope is not stable over

ime. 22 , 23 Although two other PD-L1 assays were evaluated in compar-

tive studies for the first time, they also showed moderate concordance

kappa = 0.785 and 0.710) when compared with the 22C3 pharmDx as-

ay. All of the above studies demonstrate that some non-FDA-approved

ssays can achieve good agreement with FDA-approved assays, indicat-

ng their potential interchangeability. 

The samples in our study consisted of 75 surgical specimens and

43 biopsy specimens, which may reflect the real distribution of clinical

amples. For one thing, the small biopsy tissues may not be representa-

ive of the whole tumor due to tumor heterogeneity. Previous studies

ave showed weak to moderate concordances between paired biopsy

nd surgical specimens in head and neck squamous cell carcinoma. 24 

owever, such paired comparative studies of surgical and biopsy spec-

mens from ESCC have not been conducted, which would be of great

alue and needs further evaluation. For another, the only specimens

vailable for biomarker assessment are biopsy specimens in advanced

SCC patients with unresectable tumors. Notably, when comparing the

oncordance between each testing assay and the 22C3 pharmDx assay

sing the surgical specimens or biopsy specimens separately, no signif-

cant differences were found (Supplementary Table 3). Many previous

tudies have demonstrated similar results. Xu et al. analyzed the con-

ordance between the E1L3N and 22C3 pharmDx assays in non-small

ell lung carcinoma, and the results showed that the OPA between the

wo assays was 97.8% in surgical specimens and 93.9% in biopsy speci-

ens. 20 Kim et al. also showed similar concordances between different

ssays when using surgical specimens or biopsy specimens in gastric ade-

ocarcinomas even when evaluating with different cutoffs. 5 Thus, the

nterchangeability of different assays may not be significantly affected

y specimen types. 

There are also some limitations in our study. First, the lack of ther-

peutic and prognostic information hindered us to further investigate

he predictive ability of each assay regarding immunological efficacy,

s well as determine the most optimal cutoff value, as has been done

n a previous study. 25 Therefore, further investigations are needed to

xplore their abilities to predict immunotherapy efficacy. Second, the

tratification analysis on biopsy samples and surgical samples may be af-

ected by their staining and interpretation in different centers, although

he platforms and IHC staining procedures were standardized and the

ilot trial showed relatively good concordances among four centers.

dditional research is warranted in cases where multiple centers offer

oth biopsy and surgical samples. Third, subjective variabilities may

xist among pathologists during their CPS evaluating process. 15 , 26 , 27 

owever, our study was designed to evaluated the inter-assay con-

istency, while the evaluation of inter-observer consistency was not

ncorporated. 

. Conclusions 

In conclusion, our multicentric study showed good correlation in an-

lytical performance and moderate concordance in clinical diagnostic

erformance between four PD-L1 assays and the 22C3 pharmDx assay

n ESCC. This study provides an insight into the potential interchange-

bility of these four assays, but further studies are needed to confirm

ur findings. 
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