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Abstract

Background: In the phase III IMpassion130 study, atezolizumab plus nab-paclitaxel (AþnP) showed clinical benefit in
advanced or metastatic triple-negative breast cancer patients who were programmed death-ligand 1 (PD-L1)þ (tumor-infil-
trating immune cells [IC] �1%) using the SP142 immunohistochemistry assay. Here we evaluate 2 other PD-L1 assays for ana-
lytical concordance with SP142 and patient-associated clinical outcomes. Methods: Samples from 614 patients (68.1% of
intention-to-treat population) were centrally evaluated by immunohistochemistry for PD-L1 status on IC (VENTANA SP142,
SP263, Dako 22C3) or as a combined positive score (CPS; 22C3). Results: Using SP142, SP263, and 22C3 assays, PD-L1 IC �1%
prevalence was 46.4% (95% confidence interval [CI] ¼ 42.5% to 50.4%), 74.9% (95% CI ¼ 71.5% to 78.3%), and 73.1% (95% CI ¼
69.6% to 76.6%), respectively; 80.9% were 22C3 CPS �1. At IC �1% (þ), the analytical concordance between SP142 and SP263
and 22C3 was 69.2% and 68.7%, respectively. Almost all SP142þ cases were captured by other assays (double positive), but
several SP263þ (29.6%) or 22C3þ (29.0%) cases were SP142– (single positive). AþnP clinical activity vs placeboþnP in SP263þ
and 22C3þ patients (progression-free survival [PFS] hazard ratios [HRs] ¼ 0.64 to 0.68; overall survival [OS] HRs ¼ 0.75 to 0.79)
was driven by double-positive cases (PFS HRs ¼ 0.60 to 0.61; OS HRs ¼ 0.71 to 0.75) rather than single-positive cases (PFS HRs
¼ 0.68 to 0.81; OS HRs ¼ 0.87 to 0.95). Concordance for harmonized cutoffs for SP263 (IC �4%) and 22C3 (CPS �10) to SP142 (IC
�1%) was subpar (approximately 75%). Conclusions: 22C3 and SP263 assays identified more patients as PD-L1þ (IC �1%) than
SP142. No inter-assay analytical equivalency was observed. Consistent improved AþnP efficacy was captured by the SP142
PD-L1 IC �1% subgroup nested within 22C3 and SP263 PD-L1þ (IC �1%) populations.

Immune checkpoint inhibitors targeting the programmed
death-ligand 1 (PD-L1) or programmed death-1 pathway have
shown clinical benefit for the treatment of triple-negative
breast cancer (TNBC), a disease accounting for 15% to 20% of
all breast cancer cases and characterized by an aggressive

disease course and poor prognosis (1-3). In metastatic TNBC
(mTNBC), studies have shown that clinical activity of these
agents may be enhanced in patients whose tumors express
PD-L1 on either tumor cells (TC) or tumor-infiltrating immune
cells (IC) (1,4-7).
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Based on evidence from the IMpassion130 trial, the anti-PD-
L1 antibody atezolizumab combined with nab-paclitaxel (AþnP)
was approved by regulatory authorities and endorsed by experts
as a standard-of-care treatment for patients with mTNBC and
PD-L1–expressing IC covering at least 1% of the tumor area (PD-
L1 ICþ) (8-12). In IMpassion130, patients with unresectable lo-
cally advanced or mTNBC whose tumors were PD-L1 ICþ, identi-
fied using the VENTANA PD-L1 SP142 immunohistochemistry
(IHC) assay (Ventana Medical Systems; Oro Valley, AZ), demon-
strated statistically significantly improved progression-free sur-
vival (PFS; hazard ratio [HR] ¼ 0.62, 95% confidence interval [CI]
¼ 0.49 to 0.78, P< .001) and clinically meaningful overall survival
(OS; HR ¼ 0.71, 95% CI ¼ 0.54 to 0.94) with AþnP compared with
placebo plus nab-paclitaxel (PþnP) (2,13).

The SP142 IHC assay is approved by the US Food and Drug
Administration (FDA) to identify patients with mTNBC for treat-
ment with AþnP using a�1% expression cutoff for PD-L1 on IC
(14). Although SP142 is clinically validated, other commercially
available PD-L1 IHC assays, including Dako 22C3 (Dako;
Carpinteria, CA, USA) and VENTANA SP263 (15,16), are widely
used in laboratories worldwide for TNBC and non-TNBC indica-
tions. However, these assays use scoring algorithms different
from SP142 and may differ in analytical concordance and/or
clinical utility for patients with TNBC treated with AþnP.
Comparative assay data provide value in guiding clinical deci-
sion making and treatment guidelines globally.

In this post hoc, exploratory substudy of IMpassion130, we
investigated analytical concordance and clinical utility among
the VENTANA SP142, VENTANA SP263, and Dako 22C3 PD-L1
IHC assays.

Methods

Patients and Treatment

IMpassion130 (NCT02425891) is an international, randomized,
double-blind, placebo-controlled, phase III study evaluating
first-line AþnP vs PþnP in patients with unresectable locally ad-
vanced or mTNBC (2). Eligibility criteria and methodology are
described elsewhere (2). Patients were randomly assigned 1:1 to
atezolizumab 840 mg or placebo every 2 weeks plus nab-pacli-
taxel 100 mg/m2 on days 1, 8, and 15 of every 28-day cycle intra-
venously until disease progression (per Response Evaluation
Criteria in Solid Tumors version 1.1) or intolerable toxicity.
IMpassion130 was conducted in accordance with Good Clinical
Practice guidelines and the Declaration of Helsinki. Protocol ap-
proval was obtained from independent review boards or ethics
committees for each site; all patients provided written informed
consent. The clinical data cutoff date was January 2, 2019.

Prespecified coprimary efficacy endpoints were investigator-
assessed PFS per Response Evaluation Criteria in Solid Tumors
1.1 and OS in the intention-to-treat (ITT) population and in PD-
L1 ICþ patients (tumors with PD-L1–expressing IC covering �1%
of tumor area), assessed using the SP142 IHC assay (2).
Exploratory analyses reported here were performed in the
biomarker-evaluable population (BEP), with available tumor tis-
sue for biomarker analysis (Supplementary Figure 1, available
online).

IHC Assays

Histologic sections from formalin-fixed paraffin-embedded tu-
mor samples were centrally evaluated for PD-L1 expression at

HistoGeneX (now Cellcarta NV) laboratory locations
(Antwerpen, Belgium, and Naperville, IL, USA) using VENTANA
SP142 (14), VENTANA SP263 (15), and Dako 22C3 (16) IHC assays
on their respective platforms (BenchMark ULTRA instrument
[VENTANA] and Autostainer Link 48 platform [Dako]).

Eight HistoGeneX pathologists scored the samples, and each
had been trained on the VENTANA or Dako IHC assay according
to prespecified algorithms and cutoff values (Table 1).
Supplementary Figure 2 (available online) depicts a routine
training program, including testing requirements. Each sample
was read once by a single pathologist, and several pathologists
may have scored more than 1 type of assay or algorithm.
Supplementary Table 1 (available online) includes information
about the pathologists’ specific training as well as sample types
scored by each pathologist. Briefly, 5 pathologists evaluated
SP142-stained specimens at the IC 1% cutoff and had received
SP142 TNBC training by VENTANA. Three pathologists evalu-
ated SP263-stained samples and had received SP263 non-TNBC
training by VENTANA. Two pathologists analyzed 22C3-stained
sections at the combined positive score (CPS) 1 cutoff; 1 had
been trained in non-TNBC (cervical cancer) by Dako, and the
other was trained by the HistoGeneX internal reader-reader
training program. Evaluation of 22C3-stained specimens at the
nonstandard IC 1% cutoff (an assay or algorithm combination
for which no formal training program is currently available) was
undertaken by 6 of the 8 pathologists who were trained in SP142
IC 1% scoring (TNBC and other solid tumors). Further details
may be found in Supplementary Figure 2 and Supplementary
Table 1 (available online).

For SP263 and SP142, the IC value was recorded as a percent-
age of tumor area (consisting of TC and associated intra-
tumoral and continuous peri-tumoral stroma) occupied by IC
with discernible PD-L1 staining of any intensity (14,15). For
22C3, CPS was defined as the number of PD-L1–stained cells (in-
cluding TC, lymphocytes, and macrophages) divided by the total
number of viable TC and multiplied by 100, with a score cutoff
of �1 (16). In addition to validated scoring algorithms and cut-
offs, an IC scoring algorithm was used to score 22C3-stained
samples (Table 1). Although reader precision was established at
the IC 1% or CPS 1 cutoff point, pathologists also recorded the
raw PD-L1 scoring values as a continuous variable.

Stromal tumor-infiltrating lymphocyte (sTIL) evaluations
were performed with hematoxylin and eosin by trained pathol-
ogists at HistoGeneX (Antwerp, Belgium) in accordance with TIL
International Working Group guidelines (17).

Statistical Analysis

Analytical concordance between SP142 (used as reference stan-
dard at IC 1%) and the comparator assays was assessed with
positive percentage agreement (PPA), negative percentage
agreement (NPA), and overall percentage agreement (OPA) at
the preselected cutoff values for the alternative assay (SP263 or
22C3). For each metric, 95% confidence intervals were
calculated.

Hazard ratio estimates with associated 95% CIs were derived
to compare investigator-assessed PFS and OS among
biomarker-defined patient subgroups using Cox regression ad-
justed for key baseline prognostic factors (age, Eastern
Cooperative Oncology Group performance status, presence of
liver metastases, and prior taxane treatment). Kaplan-Meier
estimates and corresponding median survival durations were
also evaluated for subgroups identified by each assay at the

A
R

T
IC

LE

1734 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 12

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab135#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab135#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab135#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab135#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djab135#supplementary-data


preselected cutoff values. Comparisons between sTIL counts
were performed using the Kruskal-Wallis test with the Dunn’s
test for multiple comparisons. Statistical significance tests were
2-sided, and a P value of less than .05 was considered statisti-
cally significant.

Receiver operating characteristic (ROC) assessments (R pack-
age pROC) were used to compute maximized OPAs, with the clini-
cally validated SP142 IC 1% cutoff as reference standard used to
determine SP263 and 22C3 IC and CPS harmonized cutoffs.

Results

Characteristics of the IMpassion130 Biomarker
Population

In this study, the SP142 (cutoff: IC �1%), SP263 (cutoff: IC �1%),
and 22C3 (cutoffs: IC �1% and CPS �1) PD-L1 IHC assays were
evaluated in a BEP of 614 patients (68.1% of the 902 in the
IMpassion130 ITT population). Baseline demographic and clini-
cal characteristics of the BEP were comparable with the ITT pop-
ulation except for a higher prevalence of PD-L1 IC �1% patients
using the SP142 IHC assay (46.4% and 40.9% for BEP and ITT, re-
spectively; Supplementary Table 2, available online).

Inter-Assay PD-L1 Prevalence and Analytical
Concordance

Prevalence rates using the PD-L1 IC �1% cutoff for SP142, SP263,
and 22C3 were 46.4% (285 of 614, 95% CI ¼ 42.5% to 50.4%), 74.9%
(460 of 614, 95% CI ¼ 71.5% to 78.3%), and 73.1% (449 of 614, 95%
CI ¼ 69.6% to 76.6%), respectively. The prevalence of PD-L1 22C3
CPS �1 was 80.9% (497 of 614, 95% CI ¼ 77.8% to 84.1%).

The correlation between SP142 IC continuous PD-L1 raw
scoring values and those for SP263 IC, 22C3 IC, and 22C3 CPS,
assessed with the r Spearman correlation index, was 0.69, 0.69,
and 0.57, respectively (Supplementary Figure 3, available on-
line). The OPA between SP142 IC �1% and SP263 IC �1%, 22C3 IC
�1% and 22C3 CPS �1 were 69.2%, 68.7%, and 63.5%, respec-
tively. Although the PPA between SP142 IC �1% and the other
assays approached complete agreement (97.5%, 95.1%, and
97.9%, respectively), the NPAs were poor (44.7%, 45.9%, and
33.7%, respectively). These data indicate that almost all cases
identified as SP142 PD-L1 IC �1% were included within the
SP263 IC �1% and 22C3 CPS �1 populations, whereas many of
the SP142 PD-L1 IC-negative (IC <1%) cases tested positive with

the SP263 and 22C3 assays; 29.6% and 29.0% of cases deemed
SP142 IC-negative were designated as positive with SP263 (IC
�1%) and 22C3 (CPS �1) (Figure 1; Table 2). Collectively, the
SP142 IC �1% subgroup was almost completely captured within
the 22C3þ or SP263þ populations. Overall, these data suggest
that the assays were not analytically equivalent at the assessed
cutoffs.

We also observed that the median sTIL count was higher in
double-positive subgroups (10% each for SP142 IC �1% samples
that were also SP263 IC �1%, 22C3 IC �1, or CPS �1) vs single-
positive subgroups (5% each for SP142 IC <1% samples that
were SP263 IC �1%, 22C3 IC �1, or CPS �1; P< .001 for all) or
double-negative subgroups (3% each for samples that were
SP142 IC <1% and SP263 IC <1%, 22C3 IC <1%, or CPS <1; P< .01
for all) (Figure 2).

Clinical Activity Based on SP142, SP263, and 22C3 PD-L1
Assays

The clinical activity of AþnP and PþnP in the BEP and by PD-L1
SP142 IC subgroup was similar to results in the ITT population
(Figure 3, A; Supplementary Figure 4, available online); however,
the atezolizumab arm of the BEP slightly overperformed for PFS
outcomes vs the ITT population.

Despite prevalence differences between the assays, similar
clinical activity was observed with AþnP vs PþnP in SP142 IC
�1%, SP263 IC �1%, 22C3 IC �1%, and 22C3 CPS �1 patients
(PFS HR ¼ 0.60 to 0.68; OS HR ¼ 0.74 to 0.79; Table 3), although
median PFS and OS improvements were higher for SP142 IC
�1% patients compared with patients selected by the other
assays (difference in median values between treatment arms
PFS ¼ 4.2 vs 2.1 to 3.0 months; difference in median values of
OS between treatment arms ¼ 9.4 vs 2.2 to 3.3 months; Table
3). When analyzing clinical activity based on combinations of
SP142 IC �1% and either SP263 IC �1%, 22C3 IC �1%, or 22C3
CPS �1, PFS and OS clinical activity with AþnP were highest in
the double-positive subgroups (HR ¼ 0.60 to 0.61 and 0.71 to
0.75, respectively), and PFS and OS improvements were mod-
est in single-positive subgroups (HRs ¼ 0.68 to 0.81 and 0.87 to
0.95, respectively; Figure 4; Supplementary Figure 5, available
online). Little to no benefit (HRs � 1.0) was observed in sub-
groups identified as PD-L1 negative by both SP142 and 22C3 or
SP263. Of note, clinical activity favoring AþnP in the double-
positive subgroups recapitulated activity of the SP142þ cases.

Analytical Harmonization to SP142 IC 1%

The greatest clinical activity favoring AþnP with the PD-L1
assays was derived from the nested SP142þ cases. To determine
whether a cutoff could be identified for SP263 and 22C3 that rep-
licated the patient populations with the SP142 IC �1% cutoff in
IMpassion130 patients (“analytical harmonization” between
SP142 and SP263 or 22C3), an ROC mathematical approach was
applied to maximize OPA among assays using SP142 IC �1% as
reference standard. The cutoffs with the highest combined OPA,
NPA, and PPA between SP142 IC �1% and SP263 and 22C3 were
IC �4% and CPS �10, respectively (Figure 5, A and B). Although
the prevalence of PD-L1 SP263 IC �4% and 22C3 CPS �10 cases
was 46.6% and 52.9%, respectively, concordance with SP142 IC
�1% only slightly improved, with OPAs of 75.4% and 73.8%, re-
spectively (Table 3; Figure 5, C and D). Moreover, SP263 IC �4%
and 22C3 CPS �10 did not identify the same population as the
SP142 assay at IC �1%, missing a proportion of SP142 IC �1%

Table 1. Immunohistochemistry assays, scoring algorithms and
cutoffsa

PD-L1 assay Scoring algorithm used Cutoff used

SP142 SP142 IC scoring algorithm (PD-L1 staining of
any intensity on IC covering �1% of tumor
area)

IC 1%

SP263 SP142 IC scoring algorithm IC 1%
22C3 SP142 IC scoring algorithm IC 1%
22C3 CPS scoring algorithm: enumerating PD-L1–

stained cells (TC, lymphocytes, macro-
phages) divided by total number of viable
TC and multiplied by 100

CPS 1

aCPS ¼ combined positive score; IC ¼ tumor-infiltrating immune cells; PD-

L1¼programmed death-ligand; TC ¼ tumor cells.
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patients (75 of 285 [26.3%] and 64 of 285 [22.4%], respectively).
Using the IC algorithm, the identified cutoff for 22C3 that repli-
cated the SP142 IC �1% cutoff was IC �3.5%, rounded to IC �4%
(Supplementary Figure 6, A, available online).

Clinical activity of AþnP using the cutoffs for 22C3 CPS �10,
SP263 IC �4%, and 22C3 IC �4% was inconsistent among assays
defined by PD-L1 status (Figure 5, E and F; Table 3;
Supplementary Figure 6, B and C, available online). Despite ana-
lytical discordance, AþnP PFS and OS clinical activity in SP263
IC �4% cases had similar hazard ratios as the SP142 IC �1% sub-
group. Improvements in PFS and OS were lower for PD-L1 22C3
CPS �10 cases vs those identified with the SP142 IC �1% cutoff
in this study.

Discussion

To our knowledge, IMpassion130 was the first phase III study of
a checkpoint inhibitor to demonstrate clinical benefit for

mTNBC, specifically in PD-L1 IC �1% patients identified using
the FDA-approved VENTANA SP142 IHC assay (2). This retro-
spective exploratory analysis of the IMpassion130 BEP (n¼ 614)
demonstrated that, at the IC �1% cutoff point (the only clini-
cally validated cutoff for SP142), the SP263 and 22C3 PD-L1 IHC
assays showed subpar analytical concordance (<90% OPA, NPA,
and PPA) and were not considered analytically equivalent.
Notably, analyses of clinical activity according to biomarker-
defined subpopulations revealed that OS benefit favoring AþnP
vs PþnP in the SP263 IC �1% and 22C3 IC �1% or CPS �1 sub-
group generally appeared to be driven by the SP142 IC �1% pop-
ulation. It was encouraging that PFS benefit with AþnP vs PþnP
was seen across assay-defined subgroups.

In this study, in attempts to harmonize the 3 assays, we
aimed to determine the analytical cutoffs for 22C3 and SP263
that best captured patients at the SP142 IC 1% subgroup using
ROC. However, concordance remained subpar between SP142 IC
1% and SP263 and 22C3 at the new cutoffs (SP263 IC �4% and

SP142 (IC ≥1%)
and SP263 (IC ≥1%)

no./N % (95% CI)

OPA 425/614 69 (65.6 72.9)

PPA 278/285 97.5 (95.7 99.3)

NPA 147/329 4 (39.3

SP142+
(46.4%)a

SP263+
(7 %)

SP142 (IC ≥1%)
and 22C3 (IC ≥1%)

no./N % (95% CI)

OPA 422/614 6

PPA 271/285 95 (92.6 97.6)

NPA 151/329 45.9

SP142+
(46 %)a

22C3+
(73 %)

SP142 (IC ≥1%)
and 22C3 (CPS ≥1)

no./N % (95% CI)

OPA 390/614 6 (59.7 67.3)

PPA 279/285 97.9 (96.2 99.6)

NPA 111/329 33.7 (28.6 38.8)

22C3+
(8 %)

SP142+
(46 %)a

A B C

Figure 1. Analytical concordance between SP142, SP263, and 22C3 assays. Venn diagrams of the overlap between SP142 �1% and SP263 IC �1% (A), 22C3 �IC 1% (B), and

22C3 CPS �1 (C); all programmed death-ligand 1 cutoffs were defined as positive [þ]. aGreater than 97% of SP142þ samples were included in 22C3þ and SP263þ samples.

CI ¼ confidence interval; NPA ¼ negative percentage agreement; OPA ¼ overall positive agreement; PPA ¼ positive percentage agreement.

Table 2. Analytical evaluation of concordance between SP142, SP263, and 22C3 assays

Agreement

SP263 22C3 22C3

IC <1% IC �1% Total IC <1% IC �1% Total CPS <1 CPS �1 Total

SP142
IC <1%, no. (%a) 147 (23.9) 182 (29.6) 329 151 (24.6) 178 (29.0) 329 111 (18.1) 218 (35.5) 329
IC �1%, no. (%a) 7 (1.1) 278 (45.3) 285 14 (2.3) 271 (44.1) 285 6 (1.0) 279 (45.4) 285
Total, no. 154 460 614 165 449 614 117 497 614

Positive percentage agreement
no./N 278/285 271/285 279/285
% (95% CI) 97.5 (95.7 to 99.3) 95.1 (92.6 to 97.6) 97.9 (96.2 to 99.6)

Negative percentage agreement
no./N 147/329 151/329 111/329
% (95% CI) 44.7 (39.3 to 50.1) 45.9 (40.5 to 51.3) 33.7 (28.6 to 38.8)

Overall positive agreement
no./N 425/614 422/614 390/614
% (95% CI) 69.2 (65.6 to 72.9) 68.7 (65.1 to 72.4) 63.5 (59.7 to 67.3)

aCalculated based on the total number of biomarker-evaluable patients. CI ¼ confidence interval; CPS ¼ combined positive score; IC ¼ tumor-infiltrating immune cells.
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22C3 CPS �10 or IC �4%). Consistent patterns of PFS or OS bene-
fit using the ROC-derived cutoffs were not seen in this data set.
It should be noted that unlike the standard IC 1% and CPS 1 cut-
offs, pathologist evaluation at the ROC-derived IC 4% or CPS 10
cutoff points was performed in an exploratory manner.
Interestingly, SP263 IC �4% identified an additional population
that might achieve PFS benefit; however, although this observa-
tion could potentially help expand the group of patients who
could benefit, it should be noted that IC �4% excluded one-
quarter (26.3%) of SP142 IC �1% patients who may have
benefited from AþnP.

Collectively, results from the analytical concordance, clinical
activity, and harmonization analyses suggest that the 3 PD-L1
IHC assays are not analytically interchangeable, consistent with
previous findings in TNBC (18). Although a small study of 95
TNBC samples reported interchangeable performance between
SP142 and SP263 at IC �1% (OPA of 91.2) (19), that study is not in
line with ours or other analyses. The observed analytical and
clinical divergence in this study may be attributed to different
assay sensitivities as well as different immunostaining patterns
among assays; these have not been explored here but warrant
further study. Indeed, differences in expression patterns

sTILs (% tumor stroma)
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between SP263 and 22C3 were seen in a study of 136 invasive
ductal carcinoma samples (20). The SP263 and 22C3 PD-L1
assays identified larger patient populations, within which al-
most all SP142þ cases were captured. Evidence has shown that
sTILs mainly comprise CD4 and CD8 T cells (21), and in this
study, sTIL counts were higher among SP142 IC �1% subgroups
(relative to SP142 IC <1% subgroups), suggesting that the PD-L1
IC �1% population selected by SP142 staining may be more T-
cell rich compared with SP142 IC <1% populations. We cannot
rule out the possibility that SP142 is less sensitive than the
other assays, which could explain the higher association of
sTILs with SP142-positive cases compared with SP263 or 22C3.
Notably, a separate IMpassion130 substudy showed clinical
benefit with AþnP in patients who were both sTILþ and PD-L1
IC �1% (6).

PD-L1 expression and immune biology vary by tumor type.
For instance, in non-small cell lung cancer (NSCLC), both IC and
TC biology seem to influence predictiveness of clinical benefit
with immunotherapy (22), whereas in TNBC and other cancers
such as urothelial carcinoma and small-cell lung cancer, IC biol-
ogy may be more relevant (23,24). Despite demonstrating lower
sensitivity for TC than IC (25,26), the SP142 assay is able to stain
for PD-L1–expressing TC and/or IC across expression levels (27),
including those in TNBC (6), and is currently used as a comple-
mentary diagnostic in NSCLC and a companion diagnostic in
urothelial carcinoma and TNBC (28). Concordance and noncom-
parative PD-L1 expression studies with SP142, SP263, and 22C3
in these other disease areas, including NSCLC, have been con-
ducted (26,29-35) and showed high similarity between antibod-
ies in their ability to bind PD-L1 (36). However, similar to TNBC,
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in NSCLC the different PD-L1 assays did not appear analytically
interchangeable, although measurements of concordance based
on TC and/or IC were variable (25,30,31). Although not all NSCLC
studies have evaluated how analytical differences manifest into
clinical outcomes, there has been some indication that interas-
say biomarker predictiveness for survival outcomes with immu-
notherapy is more similar in NSCLC, in contrast to our findings
in TNBC (30,31). Together, these observations indicate that PD-
L1 assay findings across tumor types cannot be fully translated
to TNBC.

This study has several limitations. Consistent with the ex-
ploratory nature of this substudy, these results should be con-
sidered hypothesis generating, with clinical activity in the BEP
evaluated in small subgroups that were not predefined in the
statistical analysis plan. Clinical outcomes in the BEP were not
unequivocally comparable with those in the overall population.
Further, it was not possible to validate the 22C3 IC 1% cutoff
compared with the other assays and cutoffs because there are
no formal training programs for this nonstandard evaluation,
reducing the precision of this analysis. In 2020, the KEYNOTE-
355 study showed that first-line pembrolizumab plus chemo-
therapy was beneficial in a mTNBC PD-L1þ population per 22C3
CPS �10, leading to FDA approval of the combination in the
United States (1,4-7). CPS �10 represents the cutoff identified in
our harmonization analysis, wherein concordance remained
subpar between SP142 IC �1% and 22C3 CPS �10; thus, these
data are of interest given the changes in TNBC testing land-
scape. Tumor tissue source differences between KEYNOTE-355

(all samples were metastatic) and IMpassion130 (both primary
and metastatic samples), as well as lack of reader-validated pre-
cision on the CPS 10 cutoff (pathologists in this study were not
trained by the vendor for the TNBC indication based on 22C3 us-
ing CPS), may account for interstudy variations in CPS �10 prev-
alence and outcomes. Regarding study validity, each
immunostained slide was read by a single trained pathologist
per scoring algorithm, as is commonplace in clinical practice;
the VENTANA and Dako IHC assays have demonstrated high
reader-reader precision and interlaboratory reproducibility (14-
16). It should be noted that scoring inconsistency has been ob-
served in the real-world setting (37); however, 7 of the 8 patholo-
gists in this study received formal vendor training, and all had
high performance standards.

Overall, these findings represent a robust data set derived
from a large, randomized, phase III study as opposed to studies
that have relied on arbitrarily selected specimens from tumor
banks (25). To our knowledge, this is the first PD-L1 assay com-
parison of both concordance and associated clinical survival
outcomes in patients with mTNBC. Further prospective studies
to understand the biological explanation and clinical relevance
of inter-assay differences are warranted.
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Table 3. Clinical activity of AþnP with standard and alternative PD-L1 immunohistochemical assays, including model-derived cutoffs

Population No. (%)

PFS OS

Median, mo

HRa (95% CI)

Median, mo

HRa (95% CI)AþnP PþnP D AþnP PþnP D

BEP 614 (100) 7.4 5.4 2.0 0.72 (0.61 to 0.86) 21.1 19.2 1.9 0.84 (0.68 to 1.03)
SP142

IC �1% 285 (46.4) 8.3 4.1 4.2 0.60 (0.47 to 0.78) 27.3 17.9 9.4 0.74 (0.54 to 1.01)
IC <1% 329 (53.6) 5.7 5.6 0.1 0.86 (0.68 to 1.09) 20.8 20.7 0.1 0.95 (0.72 to 1.27)

SP263
IC �1% 460 (74.9) 7.5 5.3 2.2 0.64 (0.53 to 0.79) 22.0 18.7 3.3 0.75 (0.59 to 0.96)
IC <1% 154 (25.1) 5.5 6.9 �1.4 1.08 (0.77 to 1.51) 17.9 20.5 �2.6 1.15 (0.76 to 1.74)

22C3
IC �1% 449 (73.1) 8.3 5.3 3.0 0.64 (0.52 to 0.78) 21.6 19.4 2.2 0.79 (0.62 to 1.01)
IC <1% 165 (26.9) 5.5 6.2 �0.7 1.08 (0.78 to 1.50) 17.8 16.2 1.6 0.97 (0.65 to 1.45)

22C3
CPS �1 497 (80.9) 7.5 5.4 2.1 0.68 (0.56 to 0.82) 21.6 19.2 2.4 0.78 (0.62 to 0.99)
CPS <1 117 (19.1) 5.5 5.5 0 1.00 (0.68 to 1.49) 14.7 19.6 �4.9 1.12 (0.70 to 1.77)

SP263
IC �4% 286 (46.6) 8.7 5.5 3.2 0.64 (0.49 to 0.83) 28.9 19.6 9.3 0.71 (0.51 to 0.98)
IC <4% 328 (53.4) 5.6 5.4 0.2 0.82 (0.65 to 1.03) 17.9 18.0 �0.1 0.97 (0.73 to 1.28)

22C3
CPS �10 325 (52.9) 7.5 5.5 2.0 0.71 (0.56 to 0.91) 22.0 18.7 3.3 0.77 (0.57 to 1.03)
CPS <10 289 (47.1) 5.8 5.4 0.4 0.73 (0.57 to 0.93) 20.2 19.4 0.8 0.94 (0.69 to 1.26)

22C3
IC �4%b 278 (45.3) 8.2 5.4 2.8 0.64 (0.49 to 0.83) 27.3 19.2 8.1 0.75 (0.55 to 1.04)
IC <4% 336 (54.7) 5.7 5.5 0.2 0.80 (0.64 to 1.01) 19.6 18.0 1.5 0.92 (0.70 to 1.21)

aHazard ratios (HRs) were adjusted for prior taxanes, presence of liver metastases, and ECOG PS. A ¼ atezolizumab; BEP ¼ biomarker-evaluable population; CI ¼ confi-

dence interval; CPS ¼ combined positive score; ECOG PS ¼ Eastern Cooperative Oncology Group performance status; D ¼ difference; nP ¼ nab-paclitaxel; OS ¼ overall

survival; P ¼ placebo; PD-L1¼programmed death-ligand 1; PFS ¼ progression-free survival.
bRounded from IC �3.5%.
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Figure 4. Clinical outcomes in biomarker-evaluable population (BEP) double-selected populations defined by different assay combinations. Kaplan-Meier plots of pro-

gression-free survival (PFS) and overall survival (OS) in BEP double-selected populations defined by SP142 tumor-infiltrating immune cells (IC) 1% and SP263 IC 1% (A)

and 22C3 IC 1% (B) cutoffs. A ¼ atezolizumab; CI ¼ confidence interval; HR ¼ hazard ratio; nP ¼ nab-paclitaxel; P ¼ placebo.
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Forest plots of (E) progression-free survival (PFS) and (F) overall survival (OS) in biomarker-evaluable population (BEP) subpopulations defined by SP142 IC 1% and ex-
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