
Analytical Validation of VENTANA PD‑L1 (SP263) Assay in GC and 
GEJ Adenocarcinoma
 �Within-run, between-day repeatability, and intermediate precision (between 
antibody, detection kit lot, and instrument) for the VENTANA PD-L1 (SP263) 
assay showed 100% overall percent agreement (OPA) with vCPS in gastric and 
GEJ adenocarcinoma, respectively (Table 4)

Table 4: Repeatability and Intermediate Precision Studies

Design Study Outline PPA
(95% CI)

NPA
(95% CI)

OPA
(95% CI)

• 24 GC or GEJ adenocarcinoma 
cases representing a range of 
PD-L1 expression levels
 – 12 with vCPS ≥5% (including 
2 borderline cases)

 – 12 with vCPS <5% (including 
2 borderline cases)

• One reader evaluated all 
the cases

Within-Run Repeatability
(single run on a BenchMark 

ULTRA instrument) 

100%
(96.6, 
100.0)

100%
(96.6, 
100.0)

100%
(98.3, 
100.0)

Between-Day 
Repeatability

(3 non-consecutive days 
on the same Benchmark 

ULTRA instrument)

100%
(94.9, 
100.0)

100%
(94.9, 
100.0)

100%
(97.4, 
100.0)

Between-Antibody 
Intermediate Precision

(3 lots of PD-L1 
SP263 antibody)

100%
(94.9, 
100.0)

100%
(94.9, 
100.0)

100%
(97.4, 
100.0)

Between-Detection Kit 
Intermediate Precision

(3 lots of OptiView 
IHC Detection Kit)

100%
(94.9, 
100.0)

100%
(94.9, 
100.0)

100%
(97.4, 
100.0)

Between-Instrument 
Intermediate Precision

(3 BenchMark 
ULTRA instruments)

100%
(94.9, 
100.0)

100%
(94.9, 
100.0)

100%
(97.4, 
100.0)

Abbreviations: CI, confidence interval; GC, gastric cancer; GEJ, gastroesophageal junction; NPA, negative predictive value; OPA, overall 
percent agreement; PD‑L1, programmed death‑ligand 1; PPA, positive predictive value; vCPS, visually‑estimated Combined Positive Score.

 � The VENTANA PD-L1 (SP263) assay demonstrated between-reader precision and 
within-reader precision (OPA) with vCPS of 99.3% and 99%, respectively (Table 5)

Table 5: Between-Reader and Within-Reader Precision Studies

Design Study Outline APA
(95% CI)

ANA
(95% CI)

OPA
(95% CI)

• 100 GC or GEJ adenocarcinoma 
cases representing a range of 
PD-L1 expression levels
 – 50 with vCPS ≥5% (including 
5 borderline cases)

 – 50 with vCPS <5% (including 
5 borderline cases)

Between-Reader Precision
(3 readers within 

1 assessment)

99.3%
(98.0, 
100.0)

99.3%
(98.0, 
100.0)

99.3%
(98.0, 
100.0)

Within-Reader Precision
(2 assessments with 
a minimum 2-week 
wash‑out period)

99.0%
(98.0, 
100.0)

99.0%
(98.0, 
100.0)

99.0%
(98.0, 
100.0)

Abbreviations: ANA, average negative agreement; APA, average positive agreement; CI, confidence interval; GC, gastric cancer; 
GEJ, gastroesophageal junction; OPA, overall percent agreement; PD‑L1, programmed death‑ligand 1; vCPS, visually‑estimated Combined 
Positive Score.

 � Inter-laboratory reproducibility testing, performed across two readers at each 
of three external laboratories, demonstrated OPA of 95% between readers and 
92.5% between sites (Table 6)

Table 6: Inter-laboratory Reproducibility

Design Study Outline APA
(95% CI)

ANA
(95% CI)

OPA
(95% CI)

• 28 GC or GEJ adenocarcinoma 
cases representing a range of 
PD-L1 expression levels
 – 14 with vCPS ≥5% (including 
2 borderline cases)

 – 14 with vCPS <5% (including 
2 borderline cases)

Between-Reader 
Precision

(2 readers per site, 3 
external sites)

94.6%
(90.8, 
98.0)

95.3%
(91.5, 
98.5)

95.0%
(91.2, 
98.3)

• Each of 3 external clinical sites 
tested 5 sets of the same cases 
using the same reagent lots. 
Each site stained 28 cases 
with VENTANA PD-L1 (SP263) 
CDx Assay on BenchMark 
ULTRA instrument, 1 staining 
set per day, on each of 5 non‑
consecutive days, over a period 
of at least 20 days

Between-Site 
Reproducibility
(3 external sites)

92.0%
(87.7, 
96.3)

92.9%
(88.2, 
97.0)

92.5%
(88.1, 
96.6)

• 2 qualified readers per site 
independently read each of the 
28 cases

Abbreviations: ANA, average negative agreement; APA, average positive agreement; CI, confidence interval; GC, gastric cancer; 
GEJ, gastroesophageal junction; OPA, overall percent agreement; PD‑L1, programmed death‑ligand 1; vCPS, visually‑estimated Combined 
Positive Score.

 – Patient baseline characteristics and clinical efficacy are shown in Table 2
Table 2: Baseline Characteristics and Clinical Outcome

Characteristic
vCPS 

Evaluable
N=74

CPS 
Evaluable

N=49

All GEA 
Patients
N=81

Age, n (%)
<65 45 (60.8) 33 (67.3) 48 (59)

≥65 29 (39.2) 16 (32.7) 33 (41)

Sex, n (%)
Male 48 (65) 33 (67) 54 (67)

Female 26 (35) 16 (33) 27 (33)

Tumor type, 
n (%)

GC/GEJ adenocarcinoma 48 (65) 27 (55) 54 (67)

EAC 26 (35) 22 (45) 27 (33)

Tumor stage, 
n (%)

III 4 (5.4) 1 (2.0) 5 (6.2)

IV 70 (95) 48 (98) 76 (94)

Response, 
n (%)

PR 7 (9.5) 4 (8.2) 8 (9.9)

SD 14 (19) 10 (20) 17 (21)

PD 43 (58) 30 (61) 46 (57)

NA 1 (1.4) 1 (2.0) 1 (1.2)

ORR, % (95% CI) 10.9 (4.5, 21.2) 9.1 (2.5, 21.7) 11.3 (5, 21)

Median PFS, months (95% CI) 2.0 (1.7, 2.1) 2.0 (1.5, 2.1) 2.0 (1.8, 2.1)

Median OS, months (95% CI) 5.6 (3.9, 6.7) 5.6 (3.8, 8.6) 5.9 (4.2, 9.1)

Median follow‑up, months (95% CI) 14.2 (10.9, 21.2) NE (13.9, NE) 17.4 (13.9, NE)
Abbreviations: CI, confidence interval; CPS, Combined Positive Score; EAC, esophageal adenocarcinoma; GC, gastric cancer; 
GEJ, gastroesophageal junction; NA, not applicable; NE, not estimable; ORR, objective response rate; OS, overall survival; PD, progressive 
disease; PFS, progression‑free survival; PR, partial response; SD; stable disease; vCPS, visually‑estimated Combined Positive Score.

 � vCPS 5% was determined as the optimal cutoff based on the receiver operating 
characteristic analysis depicted in Figure 1, prevalence, and pathological feasibility

Figure 1: ROC Curve for Performance of VENTANA PD-L1 (SP263) Assay
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Abbreviations: AUC, area under the curve; PD‑L1, programmed death‑ligand 1; ROC, receiver operating characteristic; 
vCPS, visually‑estimated combined positive score.

 – Representative photomicrographs of GEA displaying vCPS ≥5% and vCPS <5% 
are shown in Figure 2

Figure 2: Representative IHC Images of VENTANA PD-L1 (SP263) Staining
A. Tumor Specimens with vCPS ≥5% B. Tumor Specimens with vCPS <5%

10× magnification.
Abbreviation: IHC, immunohistochemistry; PD‑L1, programmed death‑ligand 1; vCPS, visually‑estimated Combined Positive Score.

BACKGROUND
 � Gastroesophageal adenocarcinoma (GEA), including gastric cancer (GC), 
gastroesophageal junction (GEJ) adenocarcinoma, and esophageal 
adenocarcinoma (EAC), is a substantial cause of cancer-related mortality worldwide 
and has a poor 5‑year overall survival rate when diagnosed at advanced stage1,2

 � Approved programmed cell death protein-1(PD-1) inhibitors have shown 
encouraging improvements in survival, but many patients do not respond,3,4 
highlighting a potential need for the identification of biomarkers of response

 � Programmed death-ligand 1 (PD-L1) protein expression on tumor (TC) and 
immune cells (IC) may be associated with anti‑PD‑1 efficacy in GEA and can be 
assessed via cell counting using the Combined Positive Score (CPS) and Dako 
22C3 assay5,6; however, the CPS scoring method can be challenging to utilize

 � A less time-consuming algorithm based on visual estimation of PD-L1 expression 
on tumor and immune cells, the visually-estimated Combined Positive Score 
(vCPS), was developed for the VENTANA PD-L1 (SP263) assay

 � Tislelizumab, an engineered human IgG4 anti‑PD‑1 monoclonal antibody, 
demonstrated clinical benefit as a single agent in patients with GEA7,8

 � Clinical utilization of two PD‑L1 assays, vCPS (with SP263) and CPS (with 
22C3), in samples from the GEA cohort of the tislelizumab first‑in‑human study 
(BGB-A317-001) was assessed, as well as potential correlations they may have 
with efficacy

 � Information on the development and analytical validation of the VENTANA PD-L1 
(SP263) assay, which is intended for detection of PD‑L1 expression in formalin‑fixed, 
paraffin‑embedded (FFPE) GC or GEJ adenocarcinoma, is also presented

METHODS
PD-L1 Assessment 
 � PD-L1 expression in tumor samples from GEA patients (BGB-A317-001) were 
analyzed post‑hoc using the methodologies in Table 1

Table 1: Methodology of PD-L1 Expression Assessment

vCPS CPS

Assay
VENTANA PD-L1 (SP263) 

assay on automated VENTANA 
Benchmark ULTRA® platform 

Dako PD-L1 IHC 22C3 assay on 
Dako Autostainer Link 48

PD-L1 scoring 
algorithm

Percent area occupied by 
PD-L1 staining cells 

(tumor cell, immune cell*)

Tumor area**

Number of PD-L1 
staining cells (tumor 
cell, macrophage, 

lymphocyte)

Total number of 
viable tumor cells

×100

Measurement 
method

Derived by visual estimation of 
area occupied by PD-L1 staining 

TC and IC against tumor area 
Derived by cell counting

* Immune cells include lymphocytes, macrophage, histocytes, reticular dendritic cells, plasma cells, and neutrophils.
** Tumor area is defined as the area covered by tumor cells and tumor associated stroma.
Abbreviations: CPS, Combined Positive Score; IC, immune cell; IHC, immunohistochemistry; PD‑L1, programmed death‑ligand 1; TC, tumor cell; 
vCPS, visually-estimated Combined Positive Score.

Statistical Analysis
 �Objective response rate (ORR) and the Clopper‑Pearson 95% CIs are provided

 � The Kaplan‑Meier method was used to estimate medians of OS and progression‑
free survival (PFS) along with the 95% CIs (constructed using Brookmeyer and 
Crowley method with Log‑Log transformation); the reverse Kaplan‑Meier method 
was used to estimate the median follow-up 

 � Kaplan‑Meier curves of PD‑L1 subgroups were compared by log‑rank test; the 
hazard ratio was estimated using Cox proportional hazard model

Analytical Validation of VENTANA PD-L1 (SP263) Assay in GC and 
GEJ Adenocarcinoma
 � The VENTANA PD-L1 (SP263) assay was validated for use in GC/GEJ adenocarcinoma 
FFPE samples in a series of studies that addressed assay repeatability, 
intermediate precision, reader precision, and inter-laboratory reproducibility

RESULTS
 �Of the 81 patients enrolled in BGB-A317-001 GEA cohort, PD-L1 expression was 
evaluable by vCPS (by VENTANA PD-L1 SP263) and CPS (by Dako 22C3) in 74 and 49 
patients with available FFPE tumors, respectively; 45 were evaluable by both assays
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Clinical Utility of vCPS and CPS In the Tislelizumab First-In-Human Study
 � Response, prevalence, positive predictive value (PPV), and negative predictive 
value (NPV) for vCPS ≥5% and CPS ≥1 are shown in Table 3
 – Enriched ORR was observed in patients with vCPS ≥5% tumors versus vCPS <5% 
tumors (ORR=18.2% vs 3.2%), which is similar to those using a CPS ≥1 cutoff

Table 3: Response, Prevalence, and Assay Performance

Scoring 
Method

PD‑L1 
Expression BEP ORR 

(%)
PD‑L1 

Prevalence (%)
Response 

Odds Ratio
PPV 
(%)

NPV 
(%)

vCPS (SP263) ≥5% 38 18.2 51 6.67 15.8 83.3<5% 36 3.2

CPS (22C3) ≥1 22 20.0 45 ∞* 18.2 88.9<1 27 0
*Odds ratio could not be estimated due to no responders in CPS <1.
Abbreviations: BEP, biomarker evaluable population; CI, confidence interval; CPS, Combined Positive Score; NPV negative predictive value; 
ORR, objective response rate; PD‑L1, programmed death‑ligand 1; PFS, progression‑free survival; PPV, positive predictive value; 
vCPS, visually‑estimated Combined Positive Score.

 � At a 17.4‑month median follow‑up, patients with vCPS ≥5% or CPS ≥1 tumors 
showed survival benefit (Figure 3)
 – More favorable PFS and OS were seen in patients with vCPS ≥5% tumors 
(PFS HR=0.497, OS HR=0.529) and CPS ≥1 tumors (PFS HR=0.880, OS HR=0.665)

Figure 3:  Kaplan-Meier Estimates for PFS and OS of PD-L1 Subgroups
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Abbreviations: CI, confidence interval; CPS, Combined Positive Score; HR, hazard ratio; OS, overall survival; PD‑L1, programmed death‑
ligand 1; PFS, progression‑free survival; vCPS, visually‑estimated Combined Positive Score.

CONCLUSIONS
 � vCPS ≥5% stained by the VENTANA PD‑L1 (SP263) assay was determined as 
the optimal cutoff based on statistical analysis, prevalence, and pathological 
feasibility and was further developed and analytically validated in tumor 
samples of GC/GEJ adenocarcinoma

 � At evaluated cutoffs, both the VENTANA PD‑L1 (SP263) assay with vCPS ≥5% 
and the commercialized Dako 22C3 assay with CPS ≥1 aided in the 
identification of patients with PD‑L1 high tumors who were more likely to gain 
favorable clinical efficacy than those with PD‑L1 low tumors

 � The VENTANA PD-L1 (SP263) assay is a robust and reproducible tool for 
assessing and quantifying PD-L1 expression in GC and GEJ adenocarcinoma

 � The reproducibility of the VENTANA PD-L1 (SP263) assay with vCPS by 
differing pathologists, materials, and laboratories points to the highly trainable 
nature of the assay as well as its consistency in GC and GEJ adenocarcinoma

 � Further clinical validation is underway for vCPS ≥5% in patients with GC and 
GEJ adenocarcinoma from a phase 3 study designed to compare tislelizumab 
plus platinum/fluoropyrimidine versus placebo plus platinum/fluoropyrimidine 
as first‑line therapy (RATIONALE 305; BGB‑A317‑305)


