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Abstract

Background: Understanding the impact of the tumor immune microenvironment and BRCA1/2-related DNA repair
deficiencies on the clinical activity of immune checkpoint inhibitors may help optimize both patient and treatment selection
in metastatic triple-negative breast cancer. In this substudy from the phase 3 IMpassion130 trial, immune biomarkers and
BRCA1/2 alterations were evaluated for association with clinical benefit with atezolizumab and nab-paclitaxel (AþnP) vs pla-
cebo and nP in unresectable (PþnP) locally advanced or metastatic triple-negative breast cancer. Methods: Patients were
randomly assigned 1:1 to nab-paclitaxel 100 mg/m2 (days 1, 8, and 15 of a 28-day cycle) and atezolizumab 840 mg every
2 weeks or placebo until progression or toxicity. Progression-free survival and overall survival were evaluated based on pro-
grammed death-ligand 1 (PD-L1) expression on immune cells (IC) and tumor cells, intratumoral CD8, stromal tumor-
infiltrating lymphocytes, and BRCA1/2 mutations. Results: PD-L1 ICþ in either primary or metastatic tumor tissue was linked
to progression-free survival and overall survival benefit with AþnP. PD-L1 ICþ low (26.9%; 243 of 902 patients) and high
(13.9%; 125 of 902 patients) populations had improved outcomes that were comparable. Intratumoral CD8 and stromal tumor-
infiltrating lymphocytes positivity (sTILþ) were associated with PD-L1 ICþ status; improved outcomes were observed with
AþnP vs PþnP only in CD8þ and sTILþ patients who were also PD-L1 ICþ. BRCA1/2 mutations (occurring in 14.5% [89 of 612
patients]) were not associated with PD-L1 IC status, and PD-L1 ICþ patients benefited from AþnP regardless of BRCA1/2 muta-
tion status. Conclusions: Although AþnP was more efficacious in patients with richer tumor immune microenvironment,
clinical benefit was only observed in patients whose tumors were PD-L1 ICþ.

Patients with metastatic triple-negative breast cancer (mTNBC)
have a median overall survival (OS) of less than 18 months with
standard chemotherapy (1-4). Targeted drugs, including bevaci-
zumab plus chemotherapy (5) or poly(ADP-ribose) polymerase
(PARP) inhibitors for BRCA1/2-mutant, HER2-negative metastatic
breast cancer (6,7), are associated with progression-free survival
(PFS) benefit. The randomized phase 3 study IMpassion130,
evaluating atezolizumab and nab-paclitaxel (AþnP) vs placebo

and nab-paclitaxel as first-line treatment for mTNBC, met its
co-primary PFS endpoint in the intention-to-treat (ITT) popula-
tion and in patients whose tumors had 1% or higher pro-
grammed death-ligand 1 (PD-L1)–expressing tumor-infiltrating
immune cells (ICþ). Improved activity with AþnP was only ob-
served in PD-L1 ICþ patients (8,9). Although not testable for sta-
tistical significance because of the hierarchical study design,
PD-L1 ICþ patients also had clinically meaningful OS
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improvement (hazard ratio ¼ 0.71, 95% confidence interval [CI]
¼ 0.54 to 0.93) with AþnP (9).

CD8þ T cells (10,11), stromal tumor-infiltrating lymphocytes
(sTILs) (12-15), and PD-L1 expression on tumor cells (TC) (16) are
other biomarkers associated with improved clinical outcomes
with PD-L1/PD-1 inhibition, and patients with mTNBC who have
BRCA1/2 gene mutations derive clinical benefit with PARP inhib-
itors (6,7). It has been hypothesized that BRCA1/2-deficient
tumors may be more responsive to immune checkpoint inhibi-
tors because of DNA damage accumulation, but whether this
occurs in breast cancer is not established. This exploratory anal-
ysis aimed to evaluate whether PD-L1 TCþ, CD8þ T cells, sTILs,
or BRCA1/2 mutation status, in addition to PD-L1 ICþ, are suit-
able biomarkers for selecting patients likely to benefit from
AþnP.

Methods

Study Design and Patients

IMpassion130 (ClinicalTrials.gov identifier: NCT02425891), a
randomized, double-blind study of AþnP as first-line treatment
in 902 patients with mTNBC, was previously described (8).

Eligible patients aged 18 years or older had metastatic or
unresectable locally advanced, histologically documented
TNBC. HER2 and progesterone receptor statuses per American
Society of Clinical Oncology–College of American Pathologists
guidelines were confirmed locally (17,18). Enrollment required
measurable disease per Response Evaluation Criteria in Solid
Tumors 1.1, Eastern Cooperative Oncology Group performance
status 0-1, and TNBC tumor tissue from either an archival or
fresh sample (formalin-fixed paraffin-embedded) for
prospective central PD-L1 testing and exploratory biomarker
analyses. Patients could not have received prior therapy for
mTNBC, but prior therapy (including taxanes) in the curative
setting was allowed if completed at least 12 months before
randomization (8).

IMpassion130 was conducted in accordance with Good
Clinical Practice guidelines and the Declaration of Helsinki; the
protocol was approved by independent ethics committees at
each participating site (8). All participants provided written in-
formed consent.

Biomarker Assessments

Biomarkers were centrally analyzed in pretreatment primary or
metastatic tumor samples (hematoxylin and eosin immunohis-
tochemistry [IHC]: HistoGeneX, Antwerp, Belgium; BRCA1/2 sta-
tus: Foundation Medicine Inc, Cambridge, MA, USA). All primary
tumor samples were from the breast. Study sites provided infor-
mation on the stage, anatomical location, and collection date of
tissue samples in the sample requisition forms. PD-L1 IC and TC
status was assessed using the VENTANA SP142 PD-L1 IHC assay
(Ventana Medical Systems, Oro Valley, AZ). Further details on
PD-L1 evaluation are provided in the Supplementary Methods
(available online). If multiple pretreatment biopsies were avail-
able, the highest PD-L1 score was used for classification. Scoring
was based on PD-L1-expressing IC as a percentage of tumor
area: IC negative (<1%) or positive (�1%) (12,19). PD-L1 scoring
on TC was based on the percentage of PD-L1–expressing TC: TC-
(<1%) and TCþ (�1%) (12,19). Intratumoral CD8þ T cells
assessed by IHC (clone C8/144B; Dako North America,
Carpinteria, CA) were digitally quantified. A cutoff of 0.5% of

tumor center was used (12). Quantification of CD8 IHC was per-
formed on digital scans following pathologist designation of the
tumor area (see the Supplementary Methods, available online,
for further details). sTILs were assessed by hematoxylin and eo-
sin stain following International TILs Working Group evaluation
guidelines, with a 10% cutoff used to distinguish low vs high
levels (20,21). Pathologists from HistoGeneX were trained by
representatives from the International Immuno-Oncology
Biomarker Working Group. Tumor BRCA1/2 status (mutant:
known or likely deleterious mutations; nonmutant: wild type or
variants of unknown significance) was assessed using a
FoundationOne DNA-based panel (Foundation Medicine), which
can discriminate germline from somatic mutations.

Outcomes and Statistical Analyses

Investigator-assessed PFS and OS were evaluated in biomarker-
evaluable populations (BEPs; Supplementary Figure 1, available
online). Potential effects of biomarkers on prognosis for PFS and
OS were tested in the placebo and nP in unresectable (PþnP)
arm using Cox regression analysis based on binary biomarker
categorization, adjusted for key baseline prognostic factors
(prior taxane treatment, liver metastases). Hazard ratio esti-
mates with associated 95% confidence intervals and P values
were derived to compare time-to-event endpoints between pa-
tient groups using Cox regression, adjusted for prognostic fac-
tors mentioned above. All analyses performed were hypothesis
generating, and descriptive P values are presented for explor-
atory purposes only. P values for comparing proportions be-
tween groups were based on the Fisher exact test. Kaplan-Meier
estimates and corresponding medians for time-to-event distri-
butions were determined. Correlation between biomarkers as
continuous variables was performed with the Spearman rank-
correlation index. The Mann-Whitney test was used for the
comparison of continuum variables by biomarker subgroup.
Tests of statistical significance were 2-sided. A P value of less
than .05 was considered statistically significant.

Results

Patients

In IMpassion130, the prevalence of PD-L1 ICþ (�1%) was 41.0%
(185 of 451 patients) in the AþnP arm and 40.8% (184 of 451
patients) in the PþnP arm (8). The median follow-up duration
for the presented efficacy analyses in biomarker-defined patient
subgroups was 18.0 months (clinical cutoff: January 2, 2019).
Study flow and baseline characteristics for each BEP are sum-
marized in Supplementary Figure 1 and Supplementary Table 1
(available online). Baseline characteristics by PD-L1 status are
shown in Supplementary Table 2 (available online) and were
generally similar between subgroups.

PD-L1 IC Expression Levels and Clinical Outcomes

In IMpassion130, 40.8% (368 of 902) of patients in total were PD-
L1 ICþ (8); 26.9% (243 of 902) of patients had low PD-L1 IC (PD-L1
IC �1% and <5%) and 13.9% (125 of 902) of patients had high PD-
L1 IC (PD-L1 IC �5%; Figure 1, A). PFS hazard ratios for AþnP vs
PþnP in the PD-L1 ICþ low and ICþ high subgroups were 0.61
(95% CI ¼ 0.46 to 0.80, P< .005) and 0.71 (95% CI ¼ 0.48 to 1.05,
P¼ .09), respectively; corresponding OS hazard ratios were 0.68
(95% CI ¼ 0.48 to 0.94, P¼ .02) and 0.76 (95% CI ¼ 0.46 to 1.26,
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Figure 1. PD-L1 expression on immune cells: sample disposition and efficacy outcomes by PD-L1 IC levels. A) Distribution of PD-L1 IC subgroups. B) Kaplan-Meier analy-

sis of PFS and OS in the PD-L1 IC�, PD-L1 ICþ low, and PD-L1 ICþ high patient populations. C) Forest plots of PFS and OS in PD-L1 IC-defined patient populations. P val-

ues are descriptive, except for PD-L1 ICþ PFS. Analyses were adjusted for prior taxane treatment and liver metastases. A ¼ atezolizumab; CI ¼ confidence interval; HR

¼ hazard ratio; IC ¼ tumor-infiltrating immune cells; ICþ ¼ PD-L1�1% on IC; IC- ¼ PD-L1<1% on IC; nP ¼ nab-paclitaxel; OS ¼ overall survival; P ¼ placebo; PD-

L1¼programmed death-ligand 1; PFS ¼ progression-free survival; pts ¼ patients.
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P¼ .29) (Figure 1, B and C). In the AþnP arm, the median PFS and
OS were, respectively, 7.4 months and 22.6 months in PD-L1 ICþ
low patients and 9.3 months and 28.9 months in PD-L1 ICþ high
patients. Thus, although assessment of the PD-L1 ICþ high pa-
tient group is limited by small sample size and low event rates,
we observed improved outcomes with AþnP in IMpassion130
patients whenever PD-L1 IC expression was 1% or more.

PD-L1 IC Status by Sample Location, Disease Stage, and
Collection Time

Out of 900 annotated cases, 563 tissue samples (62.6%) were col-
lected from primary tumors and 337 (37.4%) from metastases
(Figure 2, A). The PD-L1 ICþ prevalence was higher in primary
tumor samples (44.0% [248 of 563 patients]) than in metastatic
cases (35.6% [120 of 337 patients]; P¼ .01). PD-L1 ICþ prevalence
varied by anatomical location, with lymph nodes having the
highest ICþ prevalence (51.3%) and liver lesions the lowest
(12.8%; Figure 2, B). In matched sample pairs collected on the
same day, PD-L1 ICþ status was concordant in 92.6% of cases
(63 of 68; Supplementary Table 3, available online). In contrast,
PD-L1 ICþ status was concordant in 54.1% (20 of 37) of matched
primary and metastatic samples collected at different time
points; no clear directionality of PD-L1 status change was ob-
served over time in the asynchronous primary and metastatic
pairs (Supplementary Table 4, available online). The median
time from sample collection to randomization was 61 days
(interquartile range [IQR] ¼ 35-555 days; range ¼ 7-3984 days;
Supplementary Figure 2, available online). Improved PFS and OS
with AþnP was observed in PD-L1 ICþ patients regardless of
sample collection time and whether primary or metastatic tis-
sue was PD-L1 ICþ (Figure 2, C�F).

PD-L1 TC Expression and Clinical Outcomes

We also evaluated PD-L1 expression on TC, using the 1% cutoff
value similar to IC, although PD-L1-expressing TC were scored
by the proportion of tumor cells rather than a percentage of the
tumor area. PD-L1 IC and TC were weakly correlated as continu-
ous variables (r¼ 0.26; Figure 3, A). Consistent with previous
reports (12,22), PD-L1 TCþ (�1%) prevalence was low, with only
8.7% (78 of 900) of IMpassion130 TNBC samples classified as PD-
L1 TCþ (Figure 3, B). Of the 78 PD-L1 TCþ samples, most were
also PD-L1 ICþ (61 PD-L1 TCþ/ICþ and 17 TCþ/IC- samples). No
difference in PFS and OS was observed between TCþ and TC-
patients in the PþnP arm (Figure 3, C). We found that patients
with PD-L1 TCþ tumors had improved PFS and OS outcomes
with AþnP (Figure 3, D and E) and therefore assessed the
potential link between PD-L1 TCþ and/or PD-L1 ICþ and clinical
activity. PFS hazard ratios clearly favored AþnP vs PþnP in
both TCþ and TC- patients who were ICþ, with greatest benefit
for ICþ/TCþ patients. PFS benefit was not observed in IC-
patients, although it should be noted that patient numbers
were small in the IC-/TCþ subset. OS data showed similar
patterns (Figure 3, E).

CD81 T Cells and Clinical Outcomes

In a previous phase 1b study, CD8þ T cells at a 0.5% cutoff were
associated with improved clinical activity with AþnP in mTNBC
(22). In IMpassion130, CD8-BEP (79.8% [720 of 902] of ITT
patients; Supplementary Figure 3, available online), the percen-
tages of CD8þ T cells and IC expressing PD-L1 were moderately

correlated when evaluated as continuous variables (r¼ 0.54;
Figure 4, A). In IMpassion130, we used the 0.5% CD8þ T-cell cut-
off suggesting differentiation in clinical activity in the phase 1b
study (22) and found that 69.4% (500 of 720) of the IMpassion130
tumor samples were CD8þ (median CD8þ value ¼ 1.0% [IQR ¼
0.4%-2.5%; range ¼ 0%-27.3%]). In total, 38.9% (280 of 720) of
tumors were both PD-L1ICþ and CD8þ (Fisher exact test
P< .001; Figure 4, B). No difference in PFS and OS was observed
between CD8þ and CD8- patients in the PþnP arm (Figure 4, C).
Clinical activity favoring AþnP vs PþnP was observed in
patients with PD-L1 ICþ tumors independent of CD8 status, and
in CD8þ patients, improved outcomes were only seen when
patients were also PD-L1 ICþ (Figure 4, D and E). Similar patterns
were observed with OS. No PFS or OS improved outcome was
observed in PD-L1 IC-/CD8- patients.

Stromal Tumor-Infiltrating Lymphocytes and Clinical
Outcomes

sTILs have been associated with improved clinical outcomes
with chemotherapy in early TNBC (eTNBC) and with PD-L1/PD-1
antagonists in mTNBC (15,22), including the phase 1 b study of
AþnP in mTNBC. In the IMpassion130 sTILs-BEP (98.9% [892 of
902] of ITT patients), consistent with previous reports (23,24),
sTIL counts were lower in metastatic than in matched primary
tissue (data not shown). The median value of sTILs was 5% (IQR
¼ 3%-10%; range ¼ 0%-90%), sTILs and PD-L1 IC were moder-
ately correlated as continuous values (Spearman correlation in-
dex r¼ 0.45), and PD-L1 ICþ tumors harbored more sTILs than
IC- tumors (Figure 5, A). A prespecified threshold of 10% or more
previously shown to be associated with improved clinical out-
comes with chemotherapy in the neoadjuvant setting (21) was
used to determine the role of sTILs in IMpassion130; 31.8% (284
of 892) of tumor samples were sTILsþ. The sTIL levels were as-
sociated with PD-L1 ICþ status (Fisher exact test P< .001), and
66.9% (190 of 284) of sTILþ cases were also PD-L1 ICþ (Figure 5,
B).

Although sTILs portend a good prognosis in eTNBC (21,25),
sTILs did not appear to impact the PFS or OS in patients with
mTNBC from the IMpassion130 comparator PþnP arm for PFS or
OS (Figure 5, C). Compared with patients whose tumors lacked
sTILs, sTILþ patients had longer PFS and OS with AþnP
(Figure 5, C and D); however, similar to observations with PD-L1
TCþ and CD8þ status, patients with sTILsþ tumors only profit
from AþnP (Figure 5, E) if their tumors were also PD-L1 ICþ.
Improved PFS or OS outcomes with AþnP were not observed in
patients negative for both biomarkers (48.4% [432 of 892
patients]). Collectively, these data suggest that although PD-L1
TC, CD8 T cells, and sTILs were correlated to PD-L1 IC, these im-
mune biomarkers do not provide additional associative value
beyond PD-L1 IC status in identifying patients who can poten-
tially benefit from AþnP in mTNBC.

BRCA1/2 Mutation Status and Clinical Outcomes

BRCA1/2 mutation status was evaluable in 67.8% (612 of 902) of
the ITT population. Deleterious BRCA1/2 mutations (BRCA1/
2mut) were observed in 14.5% of patients (89 of 612), of whom 59
had a BRCA1 mutation alone, 28 had BRCA2 mutation alone, and
2 harbored mutations in both genes. The type of BRCA mutation
(germline or somatic) was evaluable for 77.5% (69 of 89) of the
BRCA1/2mut samples: 71.0% (49 of 69) were germline mutated,
and 29.0% (20 of 69) had somatic alterations. BRCA1/2
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deleterious mutations were not linked to PD-L1 IC status
(P¼ .87; Figure 6, A and B), whereas PD-L1 IC status was equally
distributed in the 89 BRCA1/2mut patients (50.6% and 49.4%, re-
spectively) in this mTNBC sample dataset. BRCA1/2mut status

was not associated with improved PFS or OS outcome in the
PþnP arm (Figure 6, C), and hazard ratio point estimates in PD-
L1 ICþ patients favored AþnP regardless of BRCA1/2mut status
(Figure 6, D and E). Together, these data suggest that deleterious
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Figure 3. Efficacy analyses in patient subgroups defined by PD-L1 expression on tumor cells. A) Correlation between PD-L1 ICþ as a percentage of tumor area and per-

centage of PD-L1 TCþ (left); distribution of PD-L1 IC as percentage of tumor area by PD-L1 TC status (right). B) Overlap of PD-L1 TCþ (�1% TC) with PD-L1 ICþ. C) PFS and

OS Kaplan-Meyer survival curves by of PD-L1 TC status (<1% vs �1%) in PþnP arm. D) PFS and OS Kaplan-Meier curves for PD-L1 TCþ in AþnP vs PþnP arms. E) Forest

plots of PFS and OS in PD-L1 IC/TC-defined patient subgroups. Analyses were adjusted for prior taxane treatment and liver metastases. All P values are for descriptive
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Figure 4. Efficacy analyses in patient subgroups defined by tumor-infiltrating CD8þ T cells. A) Correlation between CD8 (as a percentage of tumor center) and PD-L1 IC
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BEP ¼ biomarker-evaluable population; CI ¼ confidence interval; HR ¼ hazard ratio; IC ¼ tumor-infiltrating immune cells; ICþ ¼ PD-L1�1% on IC; IC� ¼ PD-L1< 1% on
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Figure 5. Efficacy analyses in patient subgroups defined by stromal TILs. A) Correlation between sTILs and PD-L1 IC (left); distribution of TILs (log2) by PD-L1 IC status

(right). B) Overlap of sTILsþ (�10%) with PD-L1 ICþ. C) PFS and OS Kaplan-Meyer survival curves by sTILs status in PþnP arm. D) PFS and OS Kaplan-Meier curves by

sTILs status in AþnP or PþnP arms. E) Forest plots of PFS and OS in sTIL- and PD-L1 IC-defined patient subgroups. Analyses were adjusted for prior taxane treatment

and liver metastases. All P values are for descriptive purposes only. A ¼ atezolizumab; BEP ¼ biomarker-evaluable population; CI ¼ confidence interval; HR ¼ hazard ra-
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cebo; PD-L1¼programmed death-ligand 1; PFS ¼ progression-free survival; r ¼ Spearman correlation index; sTIL ¼ stromal tumor-infiltrating lymphocyte.

A
R

T
IC

LE

1012 | JNCI J Natl Cancer Inst, 2021, Vol. 113, No. 8



PFS

OS

BA

E

D

B
R
C
A
1/
2 

m
ut

an
t

Months

P+nP
A+nP

Months

P+nP
A+nP

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0 3 6 9 12 15 18 21 24 27 30 33 36 39

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 3 6 9 12 15 18 21 24 27 30 33 36 39

0

PFS
C

Wild type
Mutant

Pr
og

no
si

s 
by

 B
R
C
A
1/
2 

st
at

us
 

(P
+n

P 
ar

m
)

Wild type
Mutant

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0 3 6 9 12 15 18 21 24 27 30 33 36 39

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Months Months

Wild type
Mutant

Wild type
Mutant

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0 3 6 9 12 15 18 21 24 27 30 33 36 39

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

PD -L1 IC+
49.3%

BRCA1/2mutant
14.5%

42.0% 7.4% 7.2%

!!"###

$"#

%"#

&"#

'"#

#"#

("#

)"#

*"#

+"#

0.2 21.0

A+nP better P+nP better

!!"###

$"#

%"#

&"#

'"#

#"#

("#

)"#

*"#

+"#

0.2 21.0

A+nP better P+nP better

PD-L1
status

BRCA1/2
status Arm Events/

patients
Median

PFS, mo HR (95% CI) Events/
patients

Median
OS, mo HR (95% CI)

IC+
Any

A+nP
P+nP

124/158
127/144

7.5
4.7

0.62
(0.49 to 0.80)

79/158
85/143

25.0
18.2

0.71
(0.52 to 0.97)

IC– A+nP
P+nP

141/165
134/145

5.6
5.5

0.84
(0.66 to 1.06)

99/164
89/144

20.2
20.0

0.98
(0.74 to 1.31)

Any
Mutant A+nP

P+nP
27/39
43/50

7.4
5.5

0.69
(0.42 to 1.12)

18/39
27/48

28.9
20.1

0.71
(0.39 to 1.29)

Wild type A+nP
P+nP

238/284
218/239

7.2
5.4

0.72
(0.60 to 0.86)

160/283
147/239

20.8
19.2

0.85
(0.68 to 1.07)

IC+
Mutant A+nP

P+nP
11/19
22/26

9.1
3.8

0.44
(0.21 to 0.93)

7/19
13/25

NE
20.1

0.55
(0.21 to 1.41)

Wild type A+nP
P+nP

113/139
105/118

7.4
4.7

0.65
(0.50 to 0.85)

72/139
72/118

23.4
17.9

0.72
(0.52 to 0.99)

IC–
Mutant A+nP

P+nP
16/20
21/24

6.3
6.3

1.04
(0.52 to 2.06)

11/20
14/23

21.1
20.1

0.78
(0.34 to 1.77)

Wild Type A+nP
P+nP

125/145
113/121

5.6
5.5

0.80
(0.62 to 1.04)

88/144
75/121

19.7
20.0

1.01
(0.74 to 1.37)

BRCA BEP A+nP
P+nP

265/323
261/289

7.2
5.4

0.72
(0.61 to 0.85)

178/322
174/287

21.1
19.4

0.84
(0.68 to 1.03)

239 171 93 64 36 28 22 13 5 2 1 0 0 0 239 222 194 167 149 130 112 74 44 26 18 7 3 1

50 36 18 13 9 9 8 2 1 0 0 0 0 0

39 33 19 13 8 7 7 3 3 3 1 0 0 0

50 46 42 36 35 32 28 17 9 5 3 2 0 0

39 37 35 34 31 28 24 18 11 8 4 3 0 0

50 36 18 13 9 9 8 2 1 0 0 0 0 0 50 46 42 36 35 32 28 17 9 5 3 2 0 0

OS
P+nP
A+nP

P+nP
A+nP

Su
rv

iv
al

 p
ro

ba
bi

lit
y

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10

5

0

15

20

25

Mutant (n = 89)
 BRCA1/2 status 

 Wild type (n = 522)

PD
-L

1 
IC

(%
 o

f t
um

or
 a

re
a)

P = 0.59

HR = 1.07 (95% CI = 0.77 to 1.49) HR = 1.07 (95% CI = 0.71 to 1.62)

Figure 6. Efficacy analyses in patient subgroups defined by PD-L1 on IC and deleterious BRCA1/2 mutations. A) Distribution of PD-L1 IC by BRCA mutation status. B)
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BRCA1/2 mutations may not be prognostic in mTNBC and that
PD-L1 ICþ patients derived comparable clinical benefit with
AþnP regardless of BRCA1/2 mutation status.

Discussion

In the phase 3 IMpassion130 study, clinical benefit with AþnP
was driven by the PD-L1 ICþ population (8,9). In the exploratory
analyses presented here, we evaluated PD-L1 IC status along
with other biomarkers potentially relevant to mTNBC. If multi-
ple samples were available from a patient, the sample with the
highest PD-L1 IC score was used for PD-L1 status designation,
independent of disease stage or collection time. Although sam-
ples collected from the same lesion or on the same date were
more likely to have the same PD-L1 IC status, PD-L1 IC expres-
sion might vary between primary and metastatic samples in
our small substudy. Furthermore, PD-L1 expression varied by
anatomical location, where we observed the lowest prevalence
of PD-L1 ICþ status in liver metastases and the highest preva-
lence in lymph nodes; the variability in PD-L1 expression by
metastatic site warrants further investigation. These analyses
suggest that patients with PD-L1 ICþ status derived clinical ben-
efit from AþnP regardless of sample collection time or type (pri-
mary vs metastatic tissue sample origin). Notably, whether the
clinical benefit of PD-L1 IC status is definitively associated with
any of these variables can be properly addressed only in the
context of a prospective study collecting both primary archival
and fresh metastatic samples.

The PD-L1 ICþ expression level (�1%) did not appear to influ-
ence AþnP efficacy, as comparable improved PFS and OS hazard
ratios were observed in patients with PD-L1 ICþ low (�1% and
<5%) or PD-L1 ICþ high (�5%) status. The potential for clinical
benefit with AþnP thus appears to be binary, with PD-L1 IC at
1% representing the threshold PD-L1 expression level associated
with the clinical activity of AþnP. Consistent with previous
observations in mTNBC (26,27), most PD-L1 TCþ tumors were
also PD-L1 ICþ. Despite this association, previous phase 1 data
on single-agent atezolizumab in mTNBC (12) and our analyses
of data from IMpassion130 patients show that PD-L1 on TC per
se is not associated with the clinical activity of AþnP.

It was suggested based on descriptive signals that other im-
mune biomarkers (sTILs, CD8þ T cells) were also associated
with AþnP clinical activity, but patients whose tumors
expressed these biomarkers in the context of PD-L1 IC positivity
derived the greatest clinical improvements with AþnP. In con-
trast, atezolizumab and pembrolizumab mTNBC monotherapy
studies showed that clinical activity was highest when CD8þ T
cells and/or sTILs were present (12,15,28). Notably, the highest
clinical activity with AþnP in IMpassion130 was observed in
patients with tumors that were PD-L1 ICþ and either PD-L1 TCþ
or with 10% or more sTILs. This observation raises interest in
identifying the specific immune cells targeted by atezolizumab
to trigger the antitumor immune response.

In eTNBC, the presence of sTILs and CD8þ T cells is associ-
ated with good prognosis (21,29,30). In contrast, sTILs and CD8þ
T cells were not associated with longer PFS or OS in the
IMpassion130 placebo plus nab-paclitaxel arm. It remains to be
addressed whether the discrepancies in prognosis of these bio-
markers between early and metastatic disease are because of
the tumor and host immune biology, the type of therapies used
in different disease settings (ie, limited cyclophosphamide and
anthracycline use in mTNBC), the overall disease burden, or
other host factors. Of note, intratumoral immune activation by

ado-trastuzumab emtansine plus atezolizumab in HER2-
positive metastatic breast cancer was subdued compared with
early breast cancer (31), hinting at potential differences in im-
mune biology between early and metastatic breast cancer.

We also evaluated BRCA1/2 mutation status in a subgroup of
IMpassion130 patients, because patients harboring these altera-
tions can benefit from PARP inhibitors, which are approved
treatment options for BRCA1/2mut mTNBC (6,7). Although based
on small patient numbers, our exploratory analyses suggest
that improved PFS and OS with AþnP in PD-L1 ICþ patients was
observed regardless of BRCA1/2 mutation status. Exploratory
analyses of the OlympiAD trial in a small number of patients
suggest a possible OS benefit if olaparib is used for first-line
treatment of germline BRCAmut mTNBC (32). Our finding that
the association of PD-L1 ICþwith clinical benefit from immuno-
therapy regardless of BRCA mutation status may guide the se-
quencing of AþnP and PARP inhibitors in patients who are both
PD-L1 ICþ and germline BRCAmut.

Our exploratory analyses confirmed that although PD-L1 ICþ
was the most informative biomarker associated with the clini-
cal activity of AþnP in IMpassion130, patients with immune-
rich tumor microenvironment, by also coexpressing other im-
mune biomarkers, benefit the most from AþnP. Overall,
patients with newly diagnosed mTNBC should be routinely
tested for PD-L1 IC status with the clinically validated compan-
ion diagnostic (VENTANA PD-L1 SP142 assay) to determine
whether they could benefit from first-line treatment with AþnP.
Analyses and comparisons with other PD-L1 IHC assays are
ongoing.
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