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ABSTRACT
Background  Tumor samples from the phase 
III IMpower010 study were used to compare 
two programmed death-ligand 1 (PD-L1) 
immunohistochemistry assays (VENTANA SP263 and 
Dako 22C3) for identification of PD-L1 patient subgroups 
(negative, positive, low, and high expression) and their 
predictive value for adjuvant atezolizumab compared with 
best supportive care (BSC) in resectable early-stage non-
small cell lung cancer (NSCLC).
Methods  PD-L1 expression was assessed by the SP263 
assay, which measured the percentage of tumor cells with 
any membranous PD-L1 staining, and the 22C3 assay, 
which scored the percentage of viable tumor cells showing 
partial or complete membranous PD-L1 staining.
Results  When examining the concordance at the PD-
L1-positive threshold (SP263: tumor cell (TC)≥1%; 22C3: 
tumor proportion score (TPS)≥1%), the results were 
concordant between assays for 83% of the samples. 
Similarly, at the PD-L1–high cut-off (SP263: TC≥50%; 
22C3: TPS≥50%), the results were concordant between 
assays for 92% of samples. The disease-free survival 
benefit of atezolizumab over BSC was comparable 
between assays for PD-L1-positive (TC≥1% by SP263: 
HR, 0.58 (95% CI: 0.40 to 0.85) vs TPS≥1% by 22C3: HR, 
0.65 (95% CI: 0.45 to 0.95)) and PD-L1-high (TC≥50% by 
SP263: HR, 0.27 (95% CI: 0.14 to 0.53) vs TPS≥50% by 
22C3: HR, 0.31 (95% CI: 0.16 to 0.60)) subgroups.
Conclusions  The SP263 and 22C3 assays showed high 
concordance and a comparable clinical predictive value of 
atezolizumab at validated PD-L1 thresholds, suggesting 
that both assays can identify patients with early-stage 
NSCLC most likely to experience benefit from adjuvant 
atezolizumab.
Trial registration number  NCT02486718.

INTRODUCTION
Programmed death-ligand 1 (PD-L1) is 
an immune checkpoint protein expressed 
on tumor and tumor infiltrating immune 
cells. Binding of PD-L1 to its receptors 
programmed death-1 (PD-1) or B7.1 can lead 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Patients with metastatic non-small cell lung cancer 
(NSCLC) who have tumors with high programmed 
death-ligand 1 (PD-L1) expression generally derive 
the greatest clinical benefit from anti-programmed 
death-1/PD-L1 drugs. Previous studies in advanced 
NSCLC have demonstrated concordance between 
the SP263, 22C3, and 28–8 immunohistochemistry 
assays for identifying PD-L1 expression on tumor 
cells. Even though the assessment of PD-L1 expres-
sion in patients’ tumors could help inform treatment 
decisions, direct data for PD-L1 assay comparisons 
does not exist for early-stage NSCLC.

WHAT THIS STUDY ADDS
	⇒ Using tumor samples from IMpower010, this report 
shows that the SP263 and 22C3 immunohistochem-
istry assays have high concordance and a compa-
rable clinical predictive value of atezolizumab over 
best supportive care at validated PD-L1 thresholds 
for patients with early-stage NSCLC.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These data suggest that both the SP263 and 22C3 
assays can be used clinically to identify patients 
with early-stage NSCLC who are most likely to ex-
perience benefit from adjuvant atezolizumab.
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to suppression of anti-cancer immune mechanisms.1 In 
advanced non-small cell lung cancer (NSCLC), inhibition 
of PD-L1 and its receptor, PD-1, has become an important 
therapeutic strategy for patients without driver mutations 
including EGFR and ALK. Across lines of therapy, PD-L1/
PD-1 inhibitors atezolizumab, nivolumab, durvalumab, 
pembrolizumab, and cemiplimab either alone or in 
combination with chemotherapy, are recommended for 
use by current guidelines.2 3

For early-stage NSCLC, the standard of care is adjuvant 
chemotherapy,2 3 despite only modest 5-year survival bene-
fits of ≈5%.4 5 IMpower010 was the first phase III study 
to demonstrate the clinical benefit of cancer immuno-
therapy (atezolizumab) as measured by improved disease-
free survival (DFS) in adjuvant early-stage NSCLC.6 
Adjuvant atezolizumab improved DFS compared with 
best supportive care (BSC) for patients with stage II–III 
NSCLC whose tumors expressed PD-L1 on ≥1% of tumor 
cells (median DFS, non-estimable (NE) (95% CI: 36.1 to 
NE) vs 35.3 months (95% CI: 29.0 to NE); HR 0.66 (95% 
CI: 0.50 to 0.88)); for patients with stage II–III NSCLC 
whose tumors expressed PD-L1 on ≥50% of tumor cells 
(median DFS, NE (95% CI: 42.3 to NE) vs 35.7 months 
(29.7–NE); HR, 0.43 (95% CI: 0.27 to 0.68)); and among 
all patients in the stage II–IIIA population (median DFS, 
42.3 months (95% CI: 36.0 to NE) vs 35.3 months (95% 
CI: 30.4 to 46.4); stratified HR, 0.79; (95% CI: 0.64 to 
0.96)). At this analysis, statistical significance for DFS 
was not met in the intention-to-treat (ITT) population 
(stage IB–IIIA).6 Based on these results, atezolizumab 
was approved in the USA, China, Japan, Brazil, Russia, 
New Zealand, and several other countries for adjuvant 
treatment following surgery and platinum-based chemo-
therapy for patients with stage II–IIIA NSCLC whose 
tumors express PD-L1 on ≥1% of tumor cells7; in the UK, 
Canada, Australia, and Switzerland for patients whose 
tumors express PD-L1 on ≥50% of tumor cells8; and in 
the European Union for patients whose tumors express 
PD-L1 on ≥50% of tumor cells and do not harbor EGFR 
mutations or ALK alterations.9 Further, the companion 
diagnostic test VENTANA PD-L1 SP263 immunohis-
tochemistry (IHC) assay received US Food and Drug 
Administration approval for use in early-stage NSCLC to 
identify patients with PD-L1 expression on tumor cells.10

Since patients with metastatic NSCLC who have high 
PD-L1 expression generally derive the greatest clinical 
benefit from anti-PD-L1 drugs,11–15 assays to determine 
tumor PD-L1 expression are an important tool to iden-
tify patients who may achieve benefit from these treat-
ments. In addition to SP263 (atezolizumab),10 other 
PD-L1 IHC assays that have been clinically validated as 
companion or complementary diagnostics with their asso-
ciated PD-L1/PD-1 inhibitors are Dako 22C3 (pembroli-
zumab),12 16 17 Dako 28–8 (nivolumab),15 VENTANA 
SP263 (durvalumab),11 and VENTANA SP142 (atezoli-
zumab).13 14 18 This one assay-one drug structure has 
limited clinicians to prescribe a treatment based on which 
assay is available to them. Since each assay uses a unique 

clone, detection instrument, and scoring algorithm, ques-
tions have arisen about the interchangeability of one test 
result with another. A better understanding of concor-
dance between assays provides physicians with a greater 
flexibility to choose which assay to use when prescribing 
PD-L1/PD-1 inhibitors.

Previous studies in advanced NSCLC have demon-
strated an alignment between assays, showing that the 
SP263, 22C3, and 28–8 assays were highly concordant for 
identifying PD-L1 expression on tumor cells.19–21 Addi-
tionally, in a retrospective analysis of patients with meta-
static NSCLC (OAK trial; NCT02008227), atezolizumab 
administered as a second-line or third-line treatment 
improved survival compared with docetaxel regardless of 
whether the SP142 or 22C3 assay was used to determine 
tumor PD-L1 expression.18 Despite the fact that the assess-
ment of PD-L1 expression in patients' tumors could help 
inform treatment decisions, direct data for PD-L1 assay 
comparisons does not exist in early-stage NSCLC.

The goal of the current analysis was to evaluate concor-
dance and compare the predictive value of two PD-L1 
assays, SP263 and 22C3, for benefit from atezolizumab in 
patients with stage II–IIIA NSCLC. Here, we show compa-
rable clinical efficacy of atezolizumab over BSC between 
assays for each PD-L1 expression subgroup. Further, the 
comparable concordance between the SP263 and 22C3 
assays suggests that both assays can identify patients with 
early-stage NSCLC who are most likely to experience 
benefit from adjuvant atezolizumab.

METHODS
Patients and treatment
IMpower010 was a randomized, multicenter, open-label 
phase III study, which examined clinical outcomes of 
atezolizumab compared with BSC following adjuvant 
cisplatin-based chemotherapy.6 Detailed methods were 
previously described.6 Patients were aged ≥18 years with 
completely resected stage IB–IIIA NSCLC per the AJCC 
Cancer Staging Manual, seventh edition, and had an 
Eastern Cooperative Oncology Group performance status 
(ECOG PS) ≤1. Patients were randomly assigned (1:1) to 
receive adjuvant atezolizumab (1200 mg every 3 weeks for 
16 cycles or 1 year) or BSC following one to four cycles of 
adjuvant platinum-based chemotherapy.

Immunohistochemistry assays
For patient enrollment and stratification in the 
IMpower010 study,6 PD-L1 expression on tumor tissue 
samples was determined using the SP142 IHC assay 
(Ventana Medical Systems, Tucson, Arizona, USA). The 
SP142 assay expresses PD-L1 as a percentage of total 
tumor cells (TC) and tumor-infiltrating immune cells 
(IC). Tumor PD-L1 expression by SP142 was defined by 
TC/IC cut-off values of PD-L1 negative (TC0 and IC0), 
PD-L1 positive (TC1/2/3 or IC1/2/3), or PD-L1 high 
(TC3 or IC3).
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Staining with the SP263 assay (Ventana Medical Systems) 
was performed retrospectively on freshly cut tissue 
sections or formalin-fixed paraffin-embedded tumor 
tissue sections <1 year old, based on the manufacturer’s 
cut slide stability instructions.22 Of the 1005 patients in 
the IMpower010 study,6 979 patients (97%) had tissue 
available for evaluation by the SP263 assay. SP263 assesses 
the percentage of tumor cells with membranous PD-L1 
staining of any intensity. Categories were defined by TC 
cut-off values of PD-L1 negative (TC<1%), PD-L1 posi-
tive (TC≥1%), PD-L1 low (TC 1%–49%), or PD-L1 high 
(TC≥50%).

Staining with the 22C3 assay (Dako pharmDx 22C3 IHC; 
Dako North America, Carpinteria, California, USA) was 
performed retrospectively on freshly cut tissue sections or 
formalin-fixed paraffin-embedded tumor tissue sections 
<6 months old, based on the manufacturer’s cut slide 
stability instructions.23 Tumors were scored in terms of 
the tumor proportion score (TPS), which represents 
the percentage of viable tumor cells showing partial or 
complete membranous PD-L1 staining. Tumor PD-L1 
expression was defined by TPS cut-off values of PD-L1 
negative (TPS<1%), PD-L1 positive (TPS≥1%), PD-L1 low 
(TPS 1%–49%), or PD-L1 high (TPS≥50%).

Staining and scoring occurred at a central laboratory 
(Q2 Solutions in Beijing, China, for patients in China 
and CellCarta in Montreal, Quebec, Canada, for all other 
patients). Although most patients (97%) had samples 
available for SP263 analysis, the 22C3-BEP was smaller 
because the Human Genetic Resources Administration 
of China exploratory application was not in place at the 
time of testing, and therefore, the China cohort was not 
included in the 22C3 analysis. Others were not analyzed 
by 22C3 due to insufficient tissue.

Statistical analysis
Analyses were performed in the 22C3-biomarker-
evaluable population (22C3-BEP; patients with available 
tissue that was analyzed by 22C3), the combined-BEP 
(patients with available tissue that was analyzed by both 
22C3 and SP263 assays), and the non-22C3-BEP (patients 
whose tumors were analyzed by SP263 only). Kaplan-
Meier estimates and corresponding medians for DFS 
were calculated within the 22C3-BEP, combined-BEP, and 
non-22C3-BEP according to the predefined PD-L1 cut-off 
values with each assay. All HRs and 95% CIs were derived 
from unstratified and unadjusted Cox models.

RESULTS
Patient enrollment occurred between October 7, 2015, 
and September 19, 2018. The ITT population comprised 
1005 patients. Within the ITT population, 882 patients 
had stage II–IIIA NSCLC. Among the 882 stage II–IIIA 
patients, 527 patients had samples analyzed by 22C3 
(22C3-BEP), and of those, 524 patients had samples 
also analyzed by SP263 (combined-BEP). Finally, 335 of 
the 882 patients had tumors without 22C3 assessment 

(non-22C3-BEP). Twenty patients had samples that were 
non-evaluable by both assays (figure 1).

We examined the prevalence of PD-L1 expression 
levels by the SP263 and 22C3 assays in the stage II–IIIA 
combined-BEP and 22C3-BEP, respectively. The SP263 
assay identified 51.9% (272/524) of patients in the 
combined-BEP who were PD-L1 positive (TC≥1%) 
compared with 58.1% (306/527) of patients in the 22C3-
BEP who were 22C3 PD-L1 positive (TPS≥1%). Likewise, 
24.4% (128/524) of patients in the combined-BEP were 
SP263 PD-L1 high (TC≥50%) compared with 23.3% 
(123/527) of patients in the 22C3-BEP who were 22C3 
PD-L1 high (TPS≥50%) (figure 2A).

Next, we assessed the stage II–IIIA combined-BEP 
for the overlap of patients based on each PD-L1 assay. 
When using a cut-off of TC≥1% by SP263 and TPS≥1% 
by 22C3, 46.4% (243/524) of patients were identified as 
having PD-L1-positive tumors by both assays. Each assay 
identified a unique population of patients who were non-
overlapping between the assays; 5.5% (29/524) of the 
patients were defined as SP263 PD-L1 positive (TC≥1%) 
but 22C3 PD-L1 negative (TPS<1%), and 11.8% (62/524) 
of the patients were defined as 22C3 PD-L1 positive 
(TPS≥1%) but SP263 PD-L1 negative (TC<1%). Finally, 
36.3% (190/524) of patients were characterized as PD-L1 
negative by both assays (TC<1% by SP263 and TPS<1% 
by 22C3). In total, at the PD-L1 TC or TPS≥1% cut-off, 
82.6% (433/524) of patients were characterized into 
the same PD-L1 tumor expression level category by both 
assays (figure 2B).

When tumor samples were characterized using a cut-
off of PD-L1 TC≥50% by SP263 and TPS≥50% by 22C3, 
19.8% (104/524) of patients were identified as having 
PD-L1-high tumors by both assays. Each assay also iden-
tified a unique population of patients who were non-
overlapping between the assays at this PD-L1 cut-off: 
the SP263 assay identified 4.6% (24/524) of samples 
as PD-L1 high (TC≥50%) that were TPS<50% by 22C3, 
and the 22C3 assay identified 3.6% (19/524) of samples 
as PD-L1 high (TPS≥50%) that were TC<50% by SP263. 
Lastly, 71.9% (377/524) of patients did not have PD-L1-
high tumors according to both assays (TC<50% by SP263 
and TPS<50% by 22C3). In total, 91.8% (481/524) of 
patients were characterized into the same PD-L1 tumor 
expression level category by both the 22C3 and SP263 
assays at the PD-L1 TC or TPS≥50% expression level cut-
off (figure 2B).

Since patients in IMpower010 were stratified by SP142,6 
we also examined the overlap of patients identified as 
PD-L1 positive or PD-L1 high using SP142 with that of 
SP263 or 22C3 in the combined-BEP. When comparing 
the SP142 and SP263 assays, 50.4% (264/524) of patients 
were identified as having PD-L1-positive tumors by both 
assays (TC1/2/3 or IC1/2/3 by SP142 and TC≥1% by 
assay) and 17.4% (91/524) of patients were identified as 
having PD-L1-high tumors by both assays (TC3 or IC3 by 
SP142 and TC≥50% by SP263). In total, the SP142 and 
SP263 assays characterized 54.8% (287/524) of patients 
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into the same PD-L1 tumor expression level category 
at the PD-L1-positive cut-off and 80.7% (423/524) of 
patients into the same PD-L1 tumor expression level 
category at the PD-L1-high cut-off (online supplemental 
figure 1A,B). When comparing the SP142 and 22C3 
assays, 57.1% (299/524) of patients were identified as 
having PD-L1-positive tumors by both assays (TC1/2/3 or 
IC1/2/3 by SP142 and TPS≥1% by 22C3) and 16.2% of 
patients (85/524) were identified as having PD-L1-high 
tumors by both assays (TC3 or IC3 by SP142 and TPS≥50% 
by 22C3). In total, the SP142 and 22C3 assays character-
ized 61.8% (324/524) of patients into the same PD-L1 
tumor expression level category at the PD-L1-positive cut-
off and 79.4% (416/524) of patients into the same PD-L1 
tumor expression level category at the PD-L1-high cut-off 
(online supplemental figure 1C,D).

The baseline characteristics among the SP263-
defined tumor PD-L1 subgroups (TC≥1%, TC 1%–49%, 
TC≥50%) in the stage II–IIIA patients were generally 
well balanced (<10% difference in prevalence) between 
treatment arms. However, there were a few exceptions. 
In the PD-L1 TC 1%–49% subgroup, the atezolizumab 
arm had a higher proportion of ECOG PS 1 and stage 
III patients compared with the BSC arm, while the BSC 
arm had a higher proportion of stage II, ECOG PS 0, and 

patients aged ≥65 years compared with the atezolizumab 
arm (table 1). Within the PD-L1 TC≥50% subgroup, the 
only imbalance observed was for ECOG PS, where there 
was a higher proportion of patients with an ECOG PS 0 in 
the atezolizumab arm and a higher proportion of patients 
with an ECOG PS 1 in the BSC arm (table 1).

In the 22C3-BEP, baseline characteristics among the 
patients defined by tumor PD-L1 subgroups within the 
stage II–IIIA NSCLC population were well balanced 
between treatment arms (<10% difference in prev-
alence; table  1). The only exception observed was 
within the PD-L1 TPS≥50% subgroup, where a higher 
proportion of patients in the atezolizumab arm had 
non-squamous histology, a negative ALK mutation 
status, and a negative EGFR mutation status, and a 
greater proportion of patients in the BSC arm had 
squamous histology and an unknown ALK mutation 
status (table 1).

Finally, we evaluated the baseline characteristics in 
the patients defined by the SP263 assay within the non-
22C3-BEP (online supplemental table 1) and observed 
a few of the categories with ≥10% imbalances between 
arms in the three PD-L1 subgroups. Specifically, in the 
PD-L1 TC 1%–49% subgroup, the atezolizumab arm had 
a higher proportion of ECOG PS 0 and stage II patients 

Figure 1  Study design for analysis of patient samples from the IMpower010 trial using the SP263 and 22C3 IHC assays 
to measure tumor cell PD-L1 levels. a Twenty samples were non-evaluable by both the 22C3 and SP263 assays. BEP, 
biomarker-evaluable population; IHC, immunohistochemistry; ITT, intention to treat; NSCLC, non-small cell lung cancer; PD-L1, 
programmed death-ligand 1.
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compared with the BSC arm, while the BSC arm had a 
higher proportion of ECOG PS 1 and stage III patients 
compared with the atezolizumab arm. In addition, in 
the PD-L1 TC≥1% and ≥50% subgroups, the imbalances 
between arms were mainly observed in categories such 
as stage, race, age, histology, and EGFR status (online 
supplemental table 1).

At data cut-off (January 21, 2021), clinical outcomes 
for atezolizumab compared with BSC among the stage 
II–IIIA 22C3-BEP (n=527) were similar to those of all stage 
II–IIIA patients (n=882), with similar DFS HRs (0.73; 95% 
CI: 0.56 to 0.95 vs 0.78; 95% CI: 0.63 to 0.95; figure 3A). 
When patient tumors were defined according to PD-L1 
expression levels, DFS HRs for atezolizumab compared 
with BSC were similar regardless of whether the SP263 
assay was used to analyze the combined-BEP or the 22C3 
assay was used to analyze the 22C3-BEP (figure 3A). Specif-
ically, for the PD-L1-negative subgroup, the DFS HR was 

0.97 (95% CI: 0.67 to 1.40) when subgroups were defined 
by SP263 (TC<1%) versus 0.85 (95% CI: 0.58 to 1.24) 
when defined by 22C3 (TPS<1%). In the SP263-defined 
PD-L1-positive subgroup (TC≥1%), the DFS HR was 0.58 
(95% CI: 0.40 to 0.85) versus 0.65 (95% CI: 0.45, 0.95) 
in the 22C3-defined PD-L1-positive subgroup (TPS≥1%). 
In the PD-L1-low subgroup, the DFS HR was 0.94 (95% 
CI: 0.58 to 1.54) per SP263 (TC 1%–49%) versus 1.03 
(95% CI: 0.64 to 1.66) per 22C3 (TPS 1%–49%). Finally, 
in the SP263-defined PD-L1-high subgroup (TC≥50%), 
the DFS HR was 0.27 (95% CI: 0.14 to 0.53) versus 0.31 
(95% CI: 0.16 to 0.60) in the 22C3-defined PD-L1-high 
subgroup (TPS≥50%). Likewise, Kaplan-Meier estimates 
for the atezolizumab and BSC arms among patients with 
stage II–IIIA NSCLC in the combined-BEP and 22C3-BEP 
(figure 3B,C) were similar regardless of whether tumor 
PD-L1 expression (PD-L1 negative, positive, low, or high), 
was identified by the SP263 or 22C3 assay, respectively.

Figure 2  (A) Prevalence of patients identified in the programmed death-ligand 1 (PD-L1)-negative, PD-L1-positive, and PD-L1-
high subgroups among the patients with stage II–IIIA NSCLC in the combined-biomarker-evaluable population (BEP) according 
to the SP263 assay or among the 22C3-BEP according to the 22C3 assay. (B) Venn diagrams show the percentage of patients 
in the stage II–IIIA combined-BEP that were defined as having tumors that were PD-L1 positive or PD-L1 high according to 
both, just one, or neither of the SP263 and 22C3 assays. TC, tumor cell; TPS, tumor proportion score.
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Given the smaller BEP for the 22C3 assay compared 
with SP263, we also analyzed the non-22C3-BEP to provide 
additional context for interpreting the results described 
above. Among the non-22C3-BEP, the DFS treatment 
effect was an HR of 0.98 (95% CI: 0.58 to 1.67) in the 
PD-L1-negative (TC<1%) subgroup and an HR of 0.76 
(95% CI: 0.49 to 1.16) in the PD-L1-positive (TC≥1%) 
subgroup. Among those in the PD-L1-positive subgroup, 
the treatment effect was 0.75 (95% CI: 0.42 to 1.32) for 
the PD-L1-low (TC 1%–49%) subgroup and 0.71 (95% 

CI: 0.37 to 1.37) for the PD-L1-high (TC≥50%) subgroup 
(online supplemental figure 2A,B).

DISCUSSION
This retrospective analysis of the IMpower010 trial showed 
high assay concordance and a similar predictive value 
of the SP263 and 22C3 PD-L1 assays in demonstrating 
atezolizumab benefit in patients with early-stage NSCLC 
after surgery and adjuvant platinum-based chemotherapy. 

Table 1  Demographics and baseline characteristics among patients with stage II–IIIA non-small cell lung cancer in the 
combined-biomarker-evaluable population (BEP) when tumor cell programmed death-ligand 1 (PD-L1) expression was defined 
by the SP263 assay and in the 22C3-BEP when tumor PD-L1 expression was defined by the 22C3 assay.

Characteristic Assay

PD-L1
TC or TPS ≥1%

PD-L1
TC or TPS 1%–49%

PD-L1
TC or TPS ≥50%

Atezo BSC Atezo BSC Atezo BSC

n SP263 142 130 76 68 66 62

22C3 157 149 95 88 62 61

Age, median (range), years SP263 61 (34–80) 61 (26–84) 60 (40–80) 63 (26–84) 62 (34–76) 60 (36–79)

22C3 62 (34–80) 62 (26–84) 62 (40–80) 62 (26–84) 62 (34–76) 62 (39–79)

Age, ≥65 years SP263 51 (35.9) 48 (36.9) 27 (35.5) 31 (45.6) 24 (36.4) 17 (27.4)

22C3 57 (36.3) 58 (38.9) 36 (37.9) 36 (40.9) 21 (33.9) 22 (36.1)

Sex, male SP263 98 (69.0) 88 (67.7) 47 (61.8) 44 (64.7) 51 (77.3) 44 (71.0)

22C3 107 (68.2) 103 (69.1) 63 (66.3) 55 (62.5) 44 (71.0) 48 (78.7)

Race, white SP263 133 (93.7) 126 (96.9) 72 (94.7) 66 (97.1) 61 (92.4) 60 (96.8)

22C3 148 (94.3) 145 (97.3) 89 (93.7) 86 (97.7) 59 (95.2) 59 (96.7)

ECOG PS 0 SP263 76 (53.5) 73 (56.2) 35 (46.1) 42 (61.8) 41 (62.1) 31 (50.0)

22C3 87 (55.4) 87 (58.4) 52 (54.7) 54 (61.4) 35 (56.5) 33 (54.1)

Histology, squamous SP263 62 (43.7) 56 (43.1) 35 (46.1) 26 (38.2) 27 (40.9) 30 (48.4)

22C3 71 (45.2) 69 (46.3) 45 (47.4) 37 (42.0) 26 (41.9) 32 (52.5)

Histology, non-squamous SP263 80 (56.3) 74 (56.9) 41 (54.0) 42 (61.8) 39 (59.1) 32 (51.6)

22C3 86 (54.8) 80 (53.7) 50 (52.6) 51 (58.0) 36 (58.1) 29 (47.5)

Stage, II SP263 67 (47.2) 69 (53.1) 33 (43.4) 37 (54.4) 34 (51.5) 32 (51.6)

22C3 81 (51.6) 80 (53.7) 51 (53.7) 48 (54.5) 30 (48.4) 32 (52.5)

Stage, IIIA SP263 75 (52.8) 61 (46.9) 43 (56.6) 31 (45.6) 32 (48.5) 30 (48.4)

22C3 76 (48.4) 69 (46.3) 44 (46.3) 40 (45.5) 32 (51.6) 29 (47.5)

Smoker status, current or previous SP263 118 (83.1) 109 (83.8) 61 (80.3) 54 (79.4) 57 (86.4) 55 (88.7)

22C3 132 (84.1) 124 (83.2) 78 (82.1) 67 (76.1) 54 (87.1) 57 (93.4)

EGFR mutation status, positive SP263 10 (7.0) 9 (6.9) 8 (10.5) 4 (5.9) 2 (3.0) 5 (8.1)

22C3 8 (5.1) 12 (8.1) 6 (6.3) 8 (9.1) 2 (3.2) 4 (6.6)

EGFR mutation status, negative SP263 67 (47.2) 64 (49.2) 33 (43.4) 36 (52.9) 34 (51.5) 28 (45.2)

22C3 75 (47.8) 69 (46.3) 41 (43.2) 43 (48.9) 34 (54.8) 26 (42.6)

ALK rearrangement status, positive SP263 3 (2.1) 6 (4.6) 2 (2.6) 5 (7.4) 1 (1.5) 1 (1.6)

22C3 2 (1.3) 6 (4.0) 1 (1.1) 5 (5.7) 1 (1.6) 1 (1.6)

ALK rearrangement status, negative SP263 69 (48.6) 59 (45.4) 36 (47.4) 30 (44.1) 33 (50.0) 29 (46.8)

22C3 74 (47.1) 67 (45.0) 39 (41.1) 39 (44.3) 35 (56.5) 28 (45.9)

Values reported are n (%) unless otherwise specified.
Atezo, atezolizumab; BSC, best supportive care; ECOG PS, Eastern Cooperative Oncology Group performance status; TC, tumor cell; TPS, 
tumor proportion score.

T
orino. P

rotected by copyright.
 on N

ovem
ber 2, 2023 at B

iblioteche biom
ediche universit? di

http://jitc.bm
j.com

/
J Im

m
unother C

ancer: first published as 10.1136/jitc-2023-007047 on 30 O
ctober 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/jitc-2023-007047
http://jitc.bmj.com/


7Zhou C, et al. J Immunother Cancer 2023;11:e007047. doi:10.1136/jitc-2023-007047

Open access

Atezo BSC
n n HR (95% CI)

All Stage II-IIIA 442 440 0.78 (0.63-0.95)
22C3-BEP 260 267 0.73 (0.56-0.95)

TC ≥50% 66 62 0.27 (0.14-0.53)

TC ≥1% 142 130 0.58 (0.40-0.85)
TC 1%-49% 76 68 0.94 (0.58-1.54)

TC <1%
SP263

115 137 0.97 (0.67-1.40)

TPS ≥50% 62 61 0.31 (0.16-0.60)

TPS ≥1% 157 149 0.65 (0.45-0.95)
TPS 1%-49% 95 88 1.03 (0.64-1.66)

TPS <1%
22C3

103 118 0.85 (0.58-1.24)
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Figure 3  (A) Unstratified HRs for disease-free survival (DFS) observed for all stage II–IIIA patients, the 22C3-biomarker-
evaluable population (BEP), and programmed death-ligand 1 (PD-L1) expression level subgroups in the combined-BEP by the 
SP263 assay and in the 22C3-BEP by the 22C3 assay. (B) DFS Kaplan-Meier curves for PD-L1 expression subgroups in the 
combined-BEP by the SP263 assay (C) and in the 22C3-BEP by the 22C3 assay. BSC, best supportive care; NE, non-estimable; 
TC, tumor cell; TPS, tumor proportion score.
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The assays had high concordance, identifying 83% of the 
same patients as having PD-L1-positive or PD-L1-negative 
(double positive or double negative) tumors and 92% 
of the same patients as having PD-L1-high or not PD-L1-
high (double positive or double negative) tumors. These 
data expand on previous studies, primarily in advanced 
NSCLC, that showed concordance between the SP263 
and 22C3 assays19–21 and demonstrate atezolizumab’s 
benefit over BSC in patients with PD-L1-positive or 
PD-L1-high tumors, regardless of which assay was used to 
define tumor PD-L1 expression levels in subgroups of the 
IMpower010 population. In this study, the SP142 assay 
was used to stratify patients by PD-L1 expression, but the 
assay was not used for primary efficacy analysis.6 Consis-
tent with analyses in advanced NSCLC, the concordance 
of SP142 with SP263 or 22C3 was lower than that between 
SP263 and 22C3.19 20 24

While the 22C3 assay was used to analyze the 22C3-BEP 
and the SP263 assay was used to analyze the combined-BEP, 
these populations differed only by three additional 
patients in the 22C3-BEP; baseline characteristics were 
similar between groups (table  1). Accordingly, clinical 
differences between the 22C3-BEP and combined-BEP 
reflect subtle distinctions in each assay’s tumor cell PD-L1 
identification. Despite the current study using a subgroup 
of patients who were enrolled in the IMpower010 study, 
the combined-BEP and 22C3-BEP are generally repre-
sentative of the ITT population and have similar clinical 
outcomes to the PD-L1 subgroups of the ITT popula-
tion.6 In contrast to the 22C3-BEP and combined-BEP, 
there was a smaller difference in DFS treatment effect 
between the PD-L1-high and PD-L1-low subgroups in the 
non-22C3-BEP (online supplemental figure 2A,B). The 
treatment effect of the PD-L1-low subgroup in the non-
22C3-BEP was numerically greater than that in the 22C3-
BEP or combined-BEP, while the treatment effect in the 
PD-L1-high subgroup of the non-22C3-BEP was numeri-
cally lower than that in the 22C3-BEP or combined-BEP. 
These results are likely to be driven by the chance selec-
tion of patients in the non-22C3-BEP and variation of 
HR estimation in subgroups of moderate sizes (online 
supplemental figure 2A,B). However, the key finding 
in this analysis is that the SP263 and 22C3 assays have 
a high degree of patient-level concordance, and PD-L1 
subgroups selected by both assays have highly compa-
rable clinical efficacy.

Nivolumab in combination with chemotherapy is 
currently the only US Food and Drug Administration-
approved neoadjuvant immunotherapy for early-stage 
NSCLC.25 Although a PD-L1 efficacy dependence was 
observed, a trend for event-free survival improvement was 
noted for the PD-L1-negative subgroup, and nivolumab 
plus chemotherapy is approved in the US regardless 
of PD-L1 expression level.26 Further, for patients with 
stage IB–IIIA NSCLC, pembrolizumab improved DFS 
compared with placebo as adjuvant therapy following 
resection, regardless of PD-L1 expression.27 Despite 
not reaching statistical significance, treatment with 

pembrolizumab resulted in an 18% reduction in the risk 
of disease recurrence or death in the PD-L1-high popu-
lation, highlighting the need for a better understanding 
of the clinical data across PD-L1 expression levels using 
currently available assays in the early lung cancer setting.27

This analysis of the IMpower010 study offers the first 
evidence of assay concordance in patients with early-
stage NSCLC, a population for whom correctly defining 
tumor PD-L1 expression may influence treatment deci-
sions. Both the SP26310 and 22C317 assays are approved to 
assess PD-L1 expression on tumor cells and are routinely 
used in clinical practice. The comparable clinical effi-
cacy of atezolizumab over BSC across PD-L1 expression 
subgroups further supports the use of either assay to iden-
tify patients with early-stage NSCLC who are most likely to 
experience benefit from adjuvant atezolizumab.
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