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IMPORTANCE Atezolizumab (anti–programmed cell death ligand 1 [PD-L1]) is well tolerated
and clinically active in multiple cancer types. Its safety and clinical activity in metastatic
triple-negative breast cancer (mTNBC) has not been reported.

OBJECTIVE To evaluate the safety, clinical activity, and biomarkers associated with the use of
single-agent atezolizumab in patients with mTNBC.

DESIGN, SETTING, AND PARTICIPANTS Women with mTNBC (defined by investigator
assessment) were enrolled between January 2013 and February 2016 in a multicohort
open-label, phase 1 study at US and European academic medical centers. Median follow-up
was 25.3 months (range, 0.4-45.6 months). Eligible patients regardless of line of therapy had
measurable disease by Response Evaluation Criteria in Solid Tumors, version 1.1; Eastern
Cooperative Oncology Group performance status of 0 to 1; and a representative tumor
sample for assessment of immune cell (IC) PD-L1 expression.

INTERVENTIONS Atezolizumab was given intravenously every 3 weeks until unacceptable
toxic effects or loss of clinical benefit.

MAIN OUTCOMES AND MEASURES Primary outcome was safety and tolerability. Activity and
exploratory outcomes included objective response rate (ORR), duration of response,
progression-free survival (PFS), and overall survival (OS). Outcomes were assessed in all
patients and in key patient subgroups.

RESULTS Among 116 evaluable patients (median age, 53 years [range, 29-82 years]),
treatment-related adverse events occurred in 73 (63%); 58 (79%) were grade 1 to 2. Most
adverse events occurred within the first treatment year. The ORRs were numerically higher in
first-line (5 of 21 [24%]) than in second-line or greater patients (6 of 94 [6%]). Median
duration of response was 21 months (range, 3 to �38 months). Median PFS was 1.4 (95% CI,
1.3-1.6) months by RECIST and 1.9 (95% CI, 1.4-2.5) months by irRC. In first-line patients,
median OS was 17.6 months (95% CI, 10.2 months to not estimable). Patients with PD-L1
expression of at least 1% tumor-infiltrating ICs had higher ORRs and longer OS (12% [11 of 91];
10.1 [95% CI, 7.0-13.8] months, respectively) than those with less than 1% ICs (0 of 21;
6.0 [95% CI, 2.6-12.6] months, respectively). High levels of ICs (>10%) were independently
associated with higher ORRs and longer OS.

CONCLUSIONS AND RELEVANCE Single-agent atezolizumab was well tolerated and provided
durable clinical benefit in patients with mTNBC with stable or responding disease and in
earlier lines of treatment.
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P atients with triple-negative breast cancer (TNBC) have a
worse prognosis than those with other breast cancer
subtypes.1-4 The median overall survival (OS) of patients

with metastatic TNBC (mTNBC) is 8 to 13 months.4,5 Chemo-
therapy remains the main treatment for TNBC,1 with no targeted
therapies available for the majority of patients with this disease.
Novel therapies are urgently needed for these patients.

Cancer immunotherapy is an attractive treatment strat-
egy because tumor-infiltrating lymphocytes and pro-
grammed cell death ligand 1 (PD-L1) are associated with
improved clinical outcomes in early TNBC.6-9

Agents targeting the PD-L1 and programmed cell death 1
(PD-1) pathway may trigger antitumor responses in TNBC.10-12

Atezolizumab is an engineered, humanized monoclonal anti-
body that selectively inhibits the interaction of PD-L1 with its
receptors PD-1 and B7.1, thereby reinvigorating tumor
immunity.13,14 Atezolizumab has demonstrated safety and
durable long-term clinical benefit in a broad range of cancer
types, including urothelial carcinoma and non–small cell lung
cancer.13,15-20

The first-in-human phase 1 study PCD4989g investigated
single-agent atezolizumab.13 Herein, we report safety and clini-
cal outcomes in the mTNBC cohort and describe early data
exploring biomarkers of clinical activity.

Methods
Study Design and Patients
The PCD4989g open-label, multicenter phase 1 trial investi-
gates atezolizumab monotherapy in advanced solid and he-
matologic malignant neoplasms. The study design, which
includes a dose escalation phase and several tumor-specific
dose expansion cohorts, has been previously reported.13 This
study was conducted in accordance with Good Clinical Prac-
tice and the Helsinki Declaration and approved by local/
commercial institutional review boards (United States) or cen-
tral ethics committees (UK, France, and Spain). All patients
provided written informed consent. The study protocol can
be found in Supplement 1.

Key eligibility criteria included measurable disease per
Response Evaluation Criteria in Solid Tumors, version 1.1
(RECIST); Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0 or 1; and a representative tumor sample
(archival and/or fresh tissue). Triple-negative breast cancer was
defined as lack of estrogen and progesterone receptors, and
human epidermal growth factor receptor 2 expression by
investigator assessment according to local practices. The first
25 patients in this cohort were selected for PD-L1 expression
on at least 5% of tumor-infiltrating immune cells (ICs); enroll-
ment was subsequently extended to all patients.

Procedures
Patients with mTNBC received atezolizumab intravenously at
15 or 20 mg/kg, or at a 1200-mg flat dose, every 3 weeks. Ini-
tially, patients received up to 16 cycles or 1 year of treatment
(whichever occurred first). A subsequent protocol amend-
ment allowed for treatment beyond 16 cycles/1 year and for

retreatment of patients who had discontinued therapy, regard-
less of disease status. Treatment beyond RECIST disease pro-
gression until loss of clinical benefit was allowed per investi-
gator discretion.

Outcomes
The primary study end point was safety and tolerability of
atezolizumab. Key secondary end points included objective re-
sponse rate (ORR), duration of response (DOR), progression-
free survival (PFS) by standard RECIST21 and immune-
related response criteria (irRC) (to capture nonconventional
tumor responses)22; OS was an exploratory end point. Dis-
ease control rate was measured as ORR plus stable disease (SD)
for at least 24 weeks. Clinical activity was assessed by key base-
line clinical characteristics. The association of pretreatment
immune biomarkers (PD-L1 ICs, ICs, CD8-positive T cells, and
CD163-positive macrophages) with ORR, PFS, and OS was
evaluated. Pharmacodynamic measurements of immune
modulation were conducted.

Assessments
Adverse events (AEs) were graded per the National Cancer Insti-
tute’s Common Terminology Criteria for Adverse Events, version
4.0. Patients who received any atezolizumab were evaluable for
safety. Safety was assessed every 3 weeks and approximately 90
days following the final dose. Only serious AEs deemed related
to prior study treatment were reported 90 days after the final
dose. The criteria used to define AEs of special interest are
presented in eMethods 2 in Supplement 2.

Following treatment discontinuation, survival data were
collected approximately every 3 months, until death or loss
to follow-up.

Immune Biomarkers
All patients provided pretreatment tumor tissue at study
enrollment for biomarker analyses. Some patients provided tis-
sue collected 10 to 21 days after atezolizumab exposure for
tumor pharmacodynamic analyses. Using the Ventana SP142
immunohistochemistry assay (Ventana Medical Systems), base-
line PD-L1 expression on ICs was evaluated with 4 scoring
bins: IC3 (≥10%), IC2 (≥5% and <10%), IC1 (≥1% and <5%), and
IC0 (<1%). The PD-L1 expression on tumor cells (TCs) was
assessed as less than 1% (TC0) or at least 1% (TC1/2/3).

Key Points
Question Is single-agent atezolizumab therapy safe and does it
provide clinical benefit in patients with metastatic triple-negative
breast cancer (mTNBC)?

Findings In this phase 1 study of 116 patients with mTNBC, the
safety profile was consistent with that of atezolizumab in other
tumor types. With a median follow-up of longer than 2 years,
patients with an objective response to atezolizumab had a durable
clinical response, and patients with higher tumor immune cell
infiltration had better clinical outcomes.

Meaning Single-agent atezolizumab was well tolerated and
showed durable clinical activity in patients with mTNBC.
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Tumor-infiltrating ICs (lymphocytes, macrophages, den-
dritic cells, and granulocytes) were identified by hematoxylin-
eosin staining and scored as a percentage of the tumor area (TCs
and desmoplastic stroma). CD8 and CD163 immunohistochemi-
cal analyses were centrally performed (HistoGeneX) using
C8/144B and MRQ-26 antibody clones (Dako), respectively.

Statistical Analysis
Objective response rates with corresponding 95% CIs were
calculated using the Clopper-Pearson method. Duration of re-
sponse, PFS, and OS were assessed by the Kaplan-Meier
method, with 95% CI for median PFS and OS estimated using
the Brookmeyer-Crowley method. Patients who survived at
least 6 weeks were analyzed for OS to avoid immortal bias; 6
weeks was assumed to be sufficient for patients to respond to
atezolizumab therapy.

The log-rank (Mantel-Cox) test was used to evaluate as-
sociations between biomarker subgroups and clinical activ-
ity (OS and PFS). Multivariate analysis was used to assess the

effect of ICs and CD8-positive T cells on clinical outcome
against prognostic factors as covariates. Pharmacodynamic
changes of immune biomarkers were evaluated using linear
mixed-effects models. P values were adjusted using Bonferroni
correction to account for multiple time points. Due to the
exploratory nature of the analysis, only nominal P values
were reported.

Results
Patients and Treatments
Patients in the mTNBC cohort were enrolled between Janu-
ary 2013 and February 2016 (Figure 1); 116 patients were evalu-
able for safety, and 115 were evaluable for ORR. At the data cut-
off (December 31, 2016), the median follow-up duration was
25.3 months (range, 0.4-45.6 months).

Median patient age was 53 years (range, 29-82 years). A
total of 114 of 116 (98%) had ECOG performance status 0 or 1
(eTable 1 in Supplement 2). Seventy-five (65%) had visceral
disease, and 67 (58%) had received at least 2 lines of prior
therapy for mTNBC. Ninety-one (78%) had PD-L1 IC1/2/3
tumors, of which 19 and 72 were treated in the first-line and
second-line and beyond setting, respectively. Twenty-one
(18%) had PD-L1 IC0 tumors, of whom 2 and 19 were treated
in the first-line and second-line and beyond setting, respec-
tively. Four patients with second-line and beyond disease
had unknown PD-L1 status. The median treatment duration
was 2.1 months (range, 0-45.6 months), with a median of 4
cycles (range, 1-58 cycles).

Safety
Adverse events were observed in 114 of 116 patients (98%), with
grade 3 to 4 events observed in 46 (40%) and 13 patients (11%),
respectively. Treatment-related AEs (TRAEs) occurred in 73
(63%) patients, with the majority (58 [79%]) being grade 1 to 2
(eTable 2 in Supplement 2). The most frequent TRAEs were
pyrexia (19 [16%]), fatigue (15 [13%]), and nausea (13 [11%]), fol-
lowed by diarrhea (12 [10%]), asthenia (11 [10%]), and pruri-
tus (11 [10%]) (eTable 2 in Supplement 2). Thirteen (11%)
patients experienced a grade 3 to 4 TRAE, with 2 grade 4 TRAEs
(hyperglycemia and pneumonitis) observed in 1 patient. Re-
ported grade 3 to 4 TRAEs of special interest included grade 3
pruritic rash, lichen planus, and adrenal insufficiency, and
grade 4 pneumonitis. Two patients had grade 5 TRAEs (1 pul-
monary hypertension and 1 death not otherwise specified in
a hospitalized patient). Three patients (3%) discontinued
atezolizumab therapy due to a TRAE, and 11 patients (10%) had
TRAEs that led to dose interruption.

Most TRAEs occurred within 1 year after initiating atezoli-
zumab (eTable 3 in Supplement 2). Fourteen patients were
treated beyond 1 year, at which point the most common grade
1 to 2 TRAE was rash (n = 2); 1 incident of lichen planus was the
only late grade 3 TRAE reported (eTable 4 in Supplement 2).

Clinical Activity
Disease burden was evaluated over time (Figure 2) and ORR
determined by RECIST and irRC (Table). The ORR by RECIST was

Figure 1. Study Flowchart

16 Received atezolizumab until cycle 16 or
for 1 year, or beyond cycle 16

10 Still taking atezolizumab

561 Excluded
533 Reason unspecified
28 Failed screening

677 Patients prescreened for PD-L1 expression
138 PD-L1 IC2/3
491 PD-L1 IC0/1

100 Discontinued before cycle 16 or
a period of l year treatment
with atezolizumab
93 Progressive disease 

1 Patient decision

4 Adverse events 
2 Physician decision

6 Discontinued atezolizumab treatment
5 Progressive disease
1 Adverse events

116 Enrolled and assigned to receive atezolizumab

93 Received atezolizumab 1200 mg q3w

116 Received atezolizumab as assigned
22 Received atezolizumab 15 mg/kg q3w
1 Received atezolizumab 20 mg/kg q3w

115 Evaluable for efficacy at data cutoff date
1 Not evaluable due to lack of measurable

disease at baseline

Flowchart shows enrolled and treated patients from the triple-negative breast
cancer cohort of the PCD4989g study. Patients in this cohort were enrolled in
the United States, United Kingdom, France, and Spain. Population definitions
are depicted, including reasons for discontinuation, and noninclusion into
efficacy analysis. Baseline programmed cell death ligand 1 (PD-L1) expression on
tumor-infiltrating immune cells was evaluated with 4 scoring bins: IC3 (�10%),
IC2 (�5% and <10%), IC1 (�1% and <5%), and IC0 (<1%). q3w indicates
every 3 weeks.
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10% (11 of 115; 95% CI, 4.9%-16.5%). Patients who received at-
ezolizumab as first-line therapy had an ORR of 24% (5 of 21; 95%
CI, 8.2%-47.2%), and those receiving it as second-line and be-
yond therapy had ORR of 6% (6 of 94; 95% CI, 2.4%-13.4%). The
ORR by irRC was 13% (15 of 115; 95% CI, 7.5%-20.6%) in all pa-
tients, and 24% (5 of 21; 95% CI, 8.2%-47.2%) in first-line and
11% (10 of 94; 95% CI, 5.2%-18.7%) in second-line and beyond
patients. Fifteen patients (13%) had a best response of SD by
RECIST, and 20 (17%) had SD by irRC. Three patients with pro-
gressive disease and 1 patient with SD by RECIST were respond-
ers by irRC (Figure 3); all 4 patients showed durable clinical
benefit (Figure 3). The all-patient disease control rate was 13%
(15 of 115) by RECIST and 17% (19 of 115) by irRC.

Median DOR by RECIST and irRC was 21 (range, 3 to ≥38)
months and 25 (3 to ≥42) months, respectively. In first-line

patients, median DOR was 21 (range, 10 to ≥38) months by
RECIST but had not been reached by the data cutoff when
assessed by irRC (Table). Ongoing responses were observed in
6 of 11 patients (55%) by RECIST and 9 of 15 patients (53%) by
irRC (Figure 3).

In all patients, median PFS was 1.4 (95% CI, 1.3-1.6) months
by RECIST and 1.9 (95% CI, 1.4-2.6) months by irRC (eTable 5
and eFigure 1 in Supplement 2). Median OS was 8.9 (95% CI,
7.0-12.6) months with 1-, 2-, and 3-year landmark OS rates of
41% (95% CI, 32%-50%), 19% (95% CI, 11%-26%), and 16% (95%
CI, 8%-24%) respectively. In efficacy-evaluable patients who
survived for at least 6 weeks (n = 99), 9 of 11 patients (82%) and
13 of 15 patients (87%) with complete or partial responses by
RECIST and irRC, respectively, were still alive (eFigure 2 in
Supplement 2). Patients with SD by RECIST (15 of 99) had a

Figure 2. Disease Burden Over Time and Overall Survival by Response
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Table. Responses and Duration of Response by Subgroups

Response

No. (%)

Line of Treatment PD-L1 IC Status

1L (n = 21) 2L+ (n = 94)a IC0 (n = 21)b IC1/2/3 (n = 91)b

By RECIST

ORR, No. (%) [95% CI] 5 (24) [8-47] 6 (6) [2-13] 0 [0-17] 11 (12) [6-21]

Complete response 2 (10) 1 (1) 0 3 (3)

Partial response 3 (14) 5 (5) 0 8 (9)

Stable disease 3 (14) 12 (13) 3 (15) 11 (12)

Progressive disease 13 (62) 60 (64) 16 (80) 55 (60)

DCR, No. (%) 6 (29) 9 (10) 1 (5) 14 (15)

DOR, median (range), mo 21 (10-≥38) 19 (3-28) NE (NE) 21 (3-≥38)

By irRC

ORR, No. (%) [95% CI] 5 (24) [8-47] 10 (11) [5-19] 0 [0-17] 15 (16) [10-26]

Complete response 2 (10) 2 (2) 0 4 (4)

Partial response 3 (14) 8 (9) 0 11 (12)

Stable disease 7 (33) 13 (14) 4 (20) 15 (16)

Progressive disease 8 (38) 49 (52) 12 (60) 43 (47)

DCR, No. (%) 7 (33) 12 (13) 1 (5) 18 (20)

DOR, median (range), mo NR (7-≥38) 25 (3-≥42) NE (NE) 25 (3-≥42)

Abbreviations: 1L, first line;
2L+, second line and beyond;
DCR, disease control rate;
DOR, duration of response;
IC, tumor-infiltrating immune cells;
irRC, immune-related response
criteria; NE, not evaluable; NR, not
reached; ORR, objective response
rate; PD-L1, programmed cell death
ligand 1; RECIST, Response Evaluation
Criteria in Solid Tumors, version 1.1.
a Patients with missing or

unevaluable responses in the 1L
(1 [5%] per irRC) and 2L+ (16 [17%]
per RECIST and 22 [23%] per irRC)
settings were not included.

b Patients with missing or
unevaluable responses in the IC0
(1 [5%] per RECIST and 4 [20%] per
irRC) and IC1/2/3 (14 [15%] per
RECIST and 18 [20%] per irRC)
subgroups were not included
(baseline PD-L1 expression on ICs
was assessed as <1% [IC0] or �1%
[IC1/2/3]). The DCR is percentage of
patients with best response as CR,
PR, or SD of at least 24 weeks.

Atezolizumab Therapy for Patients With Metastatic Triple-Negative Breast Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology January 2019 Volume 5, Number 1 77

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224


median OS of 15.9 (95% CI, 10.5-23.6) months, while those with
progressive disease by RECIST (73 of 99) had a median OS of
7.3 (95% CI, 6.6-10.8) months (eFigure 2A in Supplement 2).
The median OS for patients with SD (20 of 99) or progressive
disease (57 of 99) by irRC was similar (eFigure 2B in Supple-
ment 2). In patients receiving first-line atezolizumab, me-
dian OS was 17.6 months (95% CI, 10.2 months to not esti-
mable), whereas it was 7.3 (95% CI, 6.1-10.8) months in those
receiving second-line and beyond atezolizumab (Figure 4A).

We also evaluated prognostic clinical factors that influ-
ence the efficacy of checkpoint blockade in patients with
melanoma23,24 using univariate analysis (eFigure 3 in Supple-
ment 2). Regardless of line of treatment, the presence of liver
metastases was associated with worse clinical outcomes, in-
cluding OS, PFS, and ORR. Tumor burden of at least 6.5 cm and
lactate dehydrogenase (LDH) level at least 1.5 times the upper
limit of normal were associated with shorter OS and lower ORR
but not shorter PFS. Later lines of therapy and ECOG PS greater
than 0 also had a nonsignificant finding of worse outcome, but
to a lesser extent than other factors. Lactate dehydrogenase
level was correlated with liver metastases and tumor size but
not with line of therapy or ECOG PS (eTable 6 in Supple-
ment 2). These correlations were nonoverlapping, and the
effect on OS in patients with mTNBC was additive (eFigure 3F
and G in Supplement 2).

Biomarker Analyses
Atezolizumab activity has been linked to increased IC and
TC expression of PD-L1.18,19 Analysis for PD-L1 IC was per-
formed comparing IC0 vs IC1/2/3 (eTable 7 in Supplement 2).
No PD-L1 IC0 patients (0 of 21) responded to atezolizumab
by either RECIST or irRC, while ORR was 12% (11 of 91) and
16% (15 of 91) in PD-L1 IC1/2/3 patients by RECIST and irRC,
respectively (Table). The disease control rate by RECIST was
15% (14 of 91) in the IC1/2/3 subgroup and 5% (1 of 21) in the
IC0 subgroup. The DOR in PD-L1 IC1/2/3 patients was similar
when assessed by RECIST or irRC (Table). The patients with
PD-L1 IC1/2/3 had longer median OS than those with PD-L1
IC0 (IC1/2/3, 10.1 [95% CI, 7.0-13.8] months vs IC0, 6.0 [95%
CI, 2.6-12.6] months) (Figure 4B). A similar ORR and OS non-
significant result was seen using the higher PD-L1 expression
cutoff of IC2/3 vs IC0/1 (eTable 8 and eFigure 4 in Supple-
ment 2). Twenty-five patients expressed PD-L1 on TCs (TC1/
2/3) and 87 had none (TC0). Twenty-three of 25 (92%) PD-L1
TC1/2/3 tumors were also PD-L1 IC1/2/3. There were no major
differences in ORR between patients with TC0 vs TC1/2/3
regardless of criteria used (RECIST, TC0: 9.2%; 95% CI, 4.1%-
17.3%; vs TC1/2/3: 12%; 95% CI, 2.5%-31.2%; irRC, TC0:
12.6%; 95% CI, 6.5%-21.5%; vs TC1/2/3: 16%; 95% CI, 4.5%-
36.1%). The 2 patients whose tumors were PD-L1 TC1/2/3 and
IC0 were nonresponders.

Figure 3. Duration of Treatment and Response in Patients With Triple-Negative Breast Cancer Treated With Atezolizumab
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4 scoring bins: IC3 (�10%), IC2 (�5% and <10%), IC1 (�1% and <5%), and IC0
(<1%). Bar color indicates responders with complete response (CR) or partial
response (PR) per RECIST and irRC (blue) or responders with CR or PR per irRC
alone (taupe), and symbols describe response assessments. Circles indicate the
type of CR or PR by RECIST (white) or irRC (blue). Diamonds indicate

progressive disease (PD) by RECIST (orange) or irRC (turquoise). Arrows
indicate ongoing first response by RECIST or irRC. Thin bars indicate
off-treatment periods.
a No death or PD status.
b Patient is deceased.
c Atezolizumab had been withdrawn from this patient owing to grade 3

dementia unrelated to the study treatment; the patient had died
by follow-up.

Research Original Investigation Atezolizumab Therapy for Patients With Metastatic Triple-Negative Breast Cancer

78 JAMA Oncology January 2019 Volume 5, Number 1 (Reprinted) jamaoncology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224


In this study, cutoffs associated with the population me-
dian were 10% for ICs (n = 110), 1.35% for CD8-positive T cells
(n = 104), and 5.96% for CD163-positive macrophages (n = 97).
All immune biomarkers were correlated with each other

(0.42 < r < 0.72) (eFigure 5 in Supplement 2), suggesting that
infiltration includes all immune partners within the tumor.

A nonsignificant finding of higher ORRs (eTable 9 in
Supplement 2) and longer PFS and OS was observed with higher

Figure 4. Measures of Clinical Efficacy
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A, Kaplan-Meier curves depict the
overall survival (OS) by line of
treatment. B, Kaplan-Meier curves
depict the OS by programmed cell
death ligand 1 (PD-L1) expression on
tumor-infiltrating immune cells (ICs).
C, Kaplan-Meier curves depict the OS
by level of ICs greater than 10%.
Log-rank (Mantel-Cox) P value is
exploratory. Baseline PD-L1
expression on ICs was assessed as
less than 1% (IC0) or at least 1%
(IC1/2/3). Two- and 3-year landmark
OS rates for patients in the IC0
subgroup were not evaluable (NE).
1L indicates first line; 2L+, second line
and beyond; HR, hazard ratio.
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baseline IC infiltration (Figure 4C and eFigure 6 in Supple-
ment 2). Similarly, higher ORRs and longer PFS and OS were
observed with higher baseline CD8-positive T-cell (eTable 9 and
eFigure 7 in Supplement 2) but not CD163-positive macro-
phage infiltration (data not shown). In a multivariate analy-
sis, considering line of therapy, LDH, ECOG PS, size of target
lesion, and presence of liver metastasis, ICs greater than 10%
(but not CD8 ≥ 1.35%) were independently associated with
enhanced ORR, irRC-based PFS, and OS (eFigure 6 and eFig-
ure 7 in Supplement 2).

Atezolizumab-induced changes in tumor immune bio-
markers (PD-L1 TCs, PD-L1 IC, CD8-positive T cells, ICs, and
CD163-positive macrophages) were evaluated in baseline vs
posttreatment (10-20 d) tumor biopsies. There was a signifi-
cant increase in PD-L1 IC expression after atezolizumab expo-
sure in patients with mTNBC (n = 9; P = .04, effect size = 0.5
based on Wilcoxon sign-ranked pairwise test) (eFigure 8 in
Supplement 2), irrespective of clinical outcomes (SD or
progressive disease).

Discussion
This is the first report of the long-term safety, clinical activ-
ity, and candidate predictive biomarkers of response associ-
ated with atezolizumab monotherapy in patients with
mTNBC. It includes several key findings that may affect the
future development of atezolizumab for this disease. First,
single-agent atezolizumab was generally well tolerated in
patients with mTNBC, with TRAEs consistent with the
known safety profile of atezolizumab in other tumor types
and other PD-L1/PD-1 antagonists in patients with mTNBC.25

Most serious TRAEs occurred within the first year of admin-
istration, with only 1 grade 3 TRAE (lichen planus) occurring
beyond 1 year of dosing. Second, atezolizumab demon-
strated measurable ORRs and durable clinical activity.
Numerically higher ORRs occurred in patients with mTNBC
treated in the first-line setting. Third, patients who had an
objective response or SD for at least 24 weeks were more
likely to be alive at data cutoff. Fourth, we observed atypical
patterns of response to atezolizumab in some patients. Nota-
bly, irRC captured a higher proportion of patients with
mTNBC with durable clinical benefit than standard RECIST.
Finally, improved clinical activity was associated with higher
levels of PD-L1–positive ICs, CD8-positive T cells, and ICs,
the latter by both univariate and multivariate analysis.

Although cross-trial comparisons may be confounded by
differences in patient selection and study design, our data
compare favorably with data on other anti-PD-L1/PD-1
agents in mTNBC. In a phase 1b study testing single-agent
pembrolizumab, the ORR was approximately 19% in PD-L1–
selected patients (≥1% PD-L1 expression on TCs).26 In
a phase 2 study of pembrolizumab, the ORR was approx-
imately 23% in PD-L1–selected first- l ine patients,
and approximately 5% in the second-line and beyond set-
ting, regardless of PD-L1 expression.27 The ORR for heavily
pretreated patients with mTNBC dosed with avelumab
was approximately 5% in a phase 1 trial, with a nonsignifi-

cant finding of higher ORRs in patients with PD-L1–positive
IC (≥10% expression).28 Taken together, the data for PD-L1/
PD-1 blockade appear encouraging for mTNBC.

Patients with mTNBC have a poor prognosis.1-3 Bevaci-
zumab and olaparib are the only approved targeted thera-
pies for selected patients, where available.29,30 This is the
first study to report long-term and landmark OS rates at 2
years or longer in patients with mTNBC who received a
PD-L1/PD-1 inhibitor. The median OS in atezolizumab-
treated patients with mTNBC is comparable to that with
standard chemotherapy,4,5 without the AEs typical of
chemotherapy. We found that patients with mTNBC
responding to atezolizumab had longer median OS than
nonresponders, while patients who had clinical benefit (SD)
also had longer OS than those with PD. Notably, OS for
patients with clinical benefit (complete response, partial
response, or SD) was longer than for historical responders to
standard chemotherapy,4 suggesting that for patients with
mTNBC who have an objective response, atezolizumab may
provide greater clinical benefit with a more favorable safety
profile than standard chemotherapy.

We also identified candidate predictive biomarkers of
atezolizumab clinical activity in patients with mTNBC. Simi-
lar to the clinical features associated with response to PD-L1/
PD-1 therapy in other tumor types,23,24 patients with mTNBC
with elevated LDH and/or liver metastases typically had
reduced clinical benefit from atezolizumab therapy. In addi-
tion, a high tumor burden (a reported prognostic factor for
TNBC5), later lines of therapy, and ECOG PS greater than 0
are potential predictive clinical factors of reduced atezoli-
zumab clinical activity in mTNBC. Although there was a cor-
relation between LDH and tumor burden or presence of liver
metastases, their effects on survival were additive, and they
could thus be used for further multivariate analysis of other
variables. We also found that high levels of PD-L1–positive
ICs, ICs, and CD8-positive T cells were associated with more
favorable clinical outcomes to single-agent atezolizumab.
Only ICs were associated with OS, PFS (by irRC), and ORR on
multivariate analysis. These findings are consistent with
multiple reports that ICs are predictive of response to stan-
dard chemotherapy in early TNBC.6-8 Although only 9 paired
biopsies were available for analysis, our observations that
PD-L1 IC expression increases from baseline to on treatment
suggests that atezolizumab may promote the activation of
tumor-specific T-cell immunity. Randomized clinical studies
are warranted to confirm these observations.

Combination immunotherapy regimens may increase the
response rate to atezolizumab therapy, thus increasing the
number of patients with mTNBC who could derive long-term
clinical benefit from PD-1 pathway blockade. The combina-
tion of eribulin and pembrolizumab has shown promising
activity (ORR, 26.4%) in mTNBC.31 Combinations of anti–PD-
L1/PD-1 agents with PARP inhibitors (niraparib or olaparib) or
sequenced with chemotherapy or radiotherapy in mTNBC, or
combined with chemotherapy in the neoadjuvant setting, have
also shown early efficacy.32-36 For atezolizumab, promising
activity (ORR, 39%) was demonstrated in a phase 1b study of
atezolizumab combined with nab-paclitaxel in patients with
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heavily pretreated mTNBC.37 Based on these data, the ran-
domized, placebo-controlled phase 3 IMpassion130 trial is
evaluating atezolizumab combined with nab-paclitaxel in
untreated mTNBC.

Limitations
This report is limited by its single-arm study design, prevent-
ing direct comparisons with standard chemotherapy. Further-
more, trial enrollment was initially limited to PD-L1–selected
patients with mTNBC and then broadened to all comers, which
limits extrapolation to the overall mTNBC patient popula-
tion. Regardless, these analyses provide useful insights into
the long-term safety and efficacy of atezolizumab in mTNBC
and can guide further clinical development.

Conclusions

In conclusion, with a median follow-up of longer than 2 years,
atezolizumab was generally well tolerated in patients with
mTNBC. Durable clinical activity and encouraging survival ben-
efit, particularly in first-line patients or those with higher lev-
els of ICs and PD-L1–positive ICs, suggest a potential thera-
peutic benefit with atezolizumab in mTNBC. Combination
immunotherapy strategies, which may increase ORR and pro-
long the survival of more patients with mTNBC, could change
the treatment paradigm for this disease. Early clinical data sup-
port this strategy, and phase 3 studies are already under way
to evaluate the addition of chemotherapy to atezolizumab.

ARTICLE INFORMATION

Accepted for Publication: July 17, 2018.

Published Online: September 13, 2018.
doi:10.1001/jamaoncol.2018.4224

Author Affiliations: Bloomberg-Kimmel Institute
for Cancer Immunotherapy, Department of
Oncology, Johns Hopkins University, Baltimore,
Maryland (Emens); now with Department of
Medicine and UPMC Hillman Cancer Center,
University of Pittsburgh, Pittsburgh (Emens);
Medical Oncology Department, Vall d’Hebron
Institute of Oncology (VHIO), Vall d’Hebron
University Hospital, Barcelona, Spain (Cruz);
Department of Medicine (Oncology), Yale Cancer
Center, New Haven, Connecticut (Eder);
Comprehensive Cancer Centers of Nevada,
University of Nevada Las Vegas School of Medicine,
Las Vegas (Braiteh); The Angeles Clinic and
Research Institute, Los Angeles, California (Chung);
Department of Medicine, Dana-Farber Cancer
Institute, Boston, Massachusetts (Tolaney);
Department of Medicine, Hematology/Oncology,
Massachusetts General Hospital, Boston (Kuter);
Section of Hematology/Oncology, University of
Chicago, Chicago, Illinois (Nanda); Department of
Medical Oncology, Centre Léon-Bérard, Lyon,
France (Cassier); Department of Medical Oncology,
Institut Claudius Regaud, IUCT-Oncopole, Toulouse,
France (Delord); HonorHealth Research Institute,
Scottsdale, Arizona (Gordon); Ventana Medical
Systems, Inc, Tucson, Arizona (ElGabry);
Genentech, Inc, South San Francisco, California
(Chang, Grossman, O’Hear, Fassò, Molinero); now
with Bellicum Pharmaceuticals, Inc, South
San Francisco, California (Sarkar, Grossman); Centre
for Experimental Cancer Medicine, Barts Cancer
Institute, Queen Mary University of London,
London, England (Schmid).

Author Contributions: Dr Emens had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Gordon, Grossman,
O’Hear, Fassò, Molinero, Schmid.
Acquisition, analysis, or interpretation of data:
All authors.
Drafting of the manuscript: Emens, Gordon,
ElGabry, Grossman, O’Hear, Fassò,
Molinero, Schmid.
Critical revision of the manuscript for important
intellectual content: Emens, Cruz, Eder, Braiteh,
Chung, Tolaney, Kuter, Nanda, Cassier, Delord,

Gordon, Chang, Sarkar, Grossman, O’Hear, Fassò,
Molinero, Schmid.
Statistical analysis: Chang, Sarkar.
Obtained funding: Delord.
Administrative, technical, or material support:
Chung, Nanda, Gordon, ElGabry, Molinero.
Study supervision: Braiteh, Tolaney, Nanda, Gordon,
Grossman, Molinero.

Conflict of Interest Disclosures: Dr Emens has
received research support from Roche/Genentech,
Corvus, AstraZeneca, and EMD Serono; research
grants from Aduro Biotech, Merck, Maxcyte, and
the Breast Cancer Research Foundation; advisory
board honoraria from Medimmune, AstraZeneca,
Celgene, Vaccinex, Peregrine, Bayer, Gritstone,
Abbvie, Replimune, Roche-Genentech,
Bristol-Myers Squibb, Syndax, and Amgen; other
financial support for advisory boards from
eTHeRNA and Molecuvax; royalties from Aduro
Biotech; and stock options from Molecuvax. Dr
Emens was also a member of the US Food and Drug
Administration Advisory Committee on Tissue, Cell,
and Gene Therapies; and is currently on the Board
of Directors for the Society of Immunotherapy of
Cancer, and chair of a Data and Safety Monitoring
Board for Syndax. Dr Braiteh has received speaking
and consulting fees from Amgen, AstraZeneca/
Medimmune, Biotheranostics, Boehringer
Ingelheim, Bristol-Myers Squibb, Celgene, Clovis, Eli
Lilly, Incyte, Ipsen, Insys, Merck, Merrimack, Pfizer,
and Roche/Genentech; advisory board honoraria
from Amgen, AstraZeneca/Medimmune, Bayer,
Biotheranostics, Boehringer Ingelheim, Clovis, Eli
Lilly, Heron Therapeutics, Incyte, Ipsen, Insys,
Lexicon, Merck, Merrimack, Pfizer, and Roche/
Genentech; and travel support from Amgen,
AstraZeneca/Medimmune, Bayer, Boehringer
Ingelheim, Bristol-Myers Squibb, Celgene, Eli Lilly,
Halozyme Therapeutics, Heron Therapeutics,
Incyte, Ipsen, Insys, Merck, Merrimack, Pfizer, and
Roche/Genentech. Dr Tolaney has received
research funding from Roche/Genentech; research
funding/consulting fees from Eli Lilly, Novartis,
AstraZeneca, Merck, Pfizer, Nektar, Nanostring, and
Eisai; and grant support from Exelixis. Dr Nanda has
received research funding from Celgene, Corcept,
and Merck; and advisory board honoraria from
AstraZeneca, Celgene, Roche/Genentech, Merck,
Novartis, Pfizer, Syndax, and Puma. She also
reports DSMB participation for G1 Therapeutics. Dr
Cassier has received grants from Novartis,
AstraZeneca, Bristol-Myers Squib, and MSD;
personal fees from Novartis, Amgen, and

AstraZeneca; and nonfinancial support from
Plexxikon, AstraZeneca, and MSD. Dr Gordon has
received research funding from AbbVie, Amgen,
Array BioPharma, Calithera Biosciences, Celldex,
Deciphera, Endocyte, ESSA Pharma, Gilead
Sciences, GlaxoSmithKline, Incyte, Lilly, Lilly/
ImClone, MedImmune, Merck Serono, Millennium,
OncoMed, Pfizer, Plexxikon, Roche/Genentech,
Seattle Genetics, Tokai Pharmaceuticals, and
TRACON Pharma; and consulting or advisory
honoraria from Castle Biosciences, Deciphera, and
RedHill Biopharma. Dr ElGabry is a Roche
employee. Dr Chang, Ms Sarkar, and Drs Grossman,
O’Hear, Fassò, and Molinero are Genentech
employees. Drs O’Hear and Molinero are holders of
Roche stock. Dr Schmid’s spouse is an employee of
Roche/Genentech. Dr Schmid has received
honoraria from AstraZeneca, Bayer, Boehringer
Ingelheim, Celgene, Eisai, Novartis, Pfizer, Puma,
and Roche/Genentech. His institution has received
research funding or grants from Astellas,
AstraZeneca, Medivation, Novartis, Oncogenex,
and Roche/Genentech. No other disclosures are
reported.

Funding/Support: This study was sponsored by
F. Hoffmann-La Roche Ltd.

Role of the Funder/Sponsor: The protocol was
developed by the sponsor (F. Hoffmann-La Roche
Ltd) and advisors. Data were collected
collaboratively by the sponsor and clinical
investigators. Statisticians employed by the
sponsor analyzed the data. The sponsor
participated in the preparation, review, and
approval of the manuscript; and decision to submit
the manuscript for publication.

Previous Presentation: This study was presented
in part, based on earlier data, at the following
meetings: San Antonio Breast Cancer Symposium;
December 10, 2014; San Antonio, Texas; American
Association for Cancer Research Annual Meeting;
April 20, 2015; Philadelphia, Pennsylvania; and
American Association for Cancer Research Annual
Meeting; April 3, 2017; Washington, DC.

Additional Contributions: We thank the patients,
their families, and the clinical study site
investigators and staff. Daniel S. Chen, MD, PhD,
Gregg Fine, MD, and Priti S. Hegde, PhD, all
employees of Genentech, contributed to the design
and conduct of the study (D.S.C., G.F.) and to the
study biomarker plan (P.S.H.). Medical writing
assistance was provided by Ernestine Chung, PhD,

Atezolizumab Therapy for Patients With Metastatic Triple-Negative Breast Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology January 2019 Volume 5, Number 1 81

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.4224&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224


and Jonathan Lee, PhD, of Health Interactions and
funded by F. Hoffmann-La Roche, Ltd.

REFERENCES

1. Hudis CA, Gianni L. Triple-negative breast cancer:
an unmet medical need. Oncologist. 2011;16(suppl
1):1-11. doi:10.1634/theoncologist.2011-S1-01

2. Aysola K, Desai A, Welch C, et al. Triple negative
breast cancer—an overview. Hereditary Genet.
2013;2013(suppl 2):001.

3. Li X, Yang J, Peng L, et al. Triple-negative breast
cancer has worse overall survival and cause-specific
survival than non-triple-negative breast cancer.
Breast Cancer Res Treat. 2017;161(2):279-287. doi:
10.1007/s10549-016-4059-6

4. den Brok WD, Speers CH, Gondara L, Baxter E,
Tyldesley SK, Lohrisch CA. Survival with metastatic
breast cancer based on initial presentation, de novo
versus relapsed. Breast Cancer Res Treat. 2017;161
(3):549-556. doi:10.1007/s10549-016-4080-9

5. Wahba HA, El-Hadaad HA. Current approaches
in treatment of triple-negative breast cancer.
Cancer Biol Med. 2015;12(2):106-116. doi:10.7497/j.
issn.2095-3941.2015.0030

6. Adams S, Gray RJ, Demaria S, et al. Prognostic
value of tumor-infiltrating lymphocytes in
triple-negative breast cancers from two phase III
randomized adjuvant breast cancer trials: ECOG
2197 and ECOG 1199. J Clin Oncol. 2014;32(27):
2959-2966. doi:10.1200/JCO.2013.55.0491

7. Loi S, Michiels S, Salgado R, et al. Tumor
infiltrating lymphocytes are prognostic in triple
negative breast cancer and predictive for
trastuzumab benefit in early breast cancer: results
from the FinHER trial. Ann Oncol. 2014;25(8):1544-
1550. doi:10.1093/annonc/mdu112

8. Denkert C, von Minckwitz G, Brase JC, et al.
Tumor-infiltrating lymphocytes and response to
neoadjuvant chemotherapy with or without
carboplatin in human epidermal growth factor
receptor 2-positive and triple-negative primary
breast cancers. J Clin Oncol. 2015;33(9):983-991.
doi:10.1200/JCO.2014.58.1967

9. Gatalica Z, Snyder C, Maney T, et al.
Programmed cell death 1 (PD-1) and its ligand
(PD-L1) in common cancers and their correlation
with molecular cancer type. Cancer Epidemiol
Biomarkers Prev. 2014;23(12):2965-2970. doi:10.
1158/1055-9965.EPI-14-0654

10. Mittendorf EA, Philips AV, Meric-Bernstam F,
et al. PD-L1 expression in triple-negative breast
cancer. Cancer Immunol Res. 2014;2(4):361-370.
doi:10.1158/2326-6066.CIR-13-0127

11. Zou W, Chen L. Inhibitory B7-family molecules in
the tumour microenvironment. Nat Rev Immunol.
2008;8(6):467-477. doi:10.1038/nri2326

12. Muenst S, Schaerli AR, Gao F, et al. Expression
of programmed death ligand 1 (PD-L1) is associated
with poor prognosis in human breast cancer. Breast
Cancer Res Treat. 2014;146(1):15-24. doi:10.1007/
s10549-014-2988-5

13. Herbst RS, Soria JC, Kowanetz M, et al.
Predictive correlates of response to the anti-PD-L1
antibody MPDL3280A in cancer patients. Nature.
2014;515(7528):563-567. doi:10.1038/nature14011

14. Chen DS, Mellman I. Oncology meets
immunology: the cancer-immunity cycle. Immunity.
2013;39(1):1-10. doi:10.1016/j.immuni.2013.07.012

15. Tecentriq (atezolizumab) [product insert].
South San Francisco, CA: Genentech, Inc; 2018.

16. McDermott DF, Sosman JA, Sznol M, et al.
Atezolizumab, an anti-programmed death-ligand 1
antibody, in metastatic renal cell carcinoma:
long-term safety, clinical activity, and immune
correlates from a phase Ia study. J Clin Oncol. 2016;
34(8):833-842. doi:10.1200/JCO.2015.63.7421

17. Fehrenbacher L, Spira A, Ballinger M, et al;
POPLAR Study Group. Atezolizumab versus
docetaxel for patients with previously treated
non-small-cell lung cancer (POPLAR): a multicentre,
open-label, phase 2 randomised controlled trial.
Lancet. 2016;387(10030):1837-1846. doi:10.1016/
S0140-6736(16)00587-0

18. Rittmeyer A, Barlesi F, Waterkamp D, et al; OAK
Study Group. Atezolizumab versus docetaxel in
patients with previously treated non-small-cell lung
cancer (OAK): a phase 3, open-label, multicentre
randomised controlled trial. Lancet. 2017;389
(10066):255-265. doi:10.1016/S0140-
6736(16)32517-X

19. Rosenberg JE, Hoffman-Censits J, Powles T,
et al. Atezolizumab in patients with locally
advanced and metastatic urothelial carcinoma who
have progressed following treatment with
platinum-based chemotherapy: a single-arm,
multicentre, phase 2 trial. Lancet. 2016;387(10031):
1909-1920. doi:10.1016/S0140-6736(16)00561-4

20. Balar AV, Galsky MD, Rosenberg JE, et al;
IMvigor210 Study Group. Atezolizumab as first-line
treatment in cisplatin-ineligible patients with locally
advanced and metastatic urothelial carcinoma:
a single-arm, multicentre, phase 2 trial. Lancet.
2017;389(10064):67-76. doi:10.1016/S0140-6736
(16)32455-2

21. Eisenhauer EA, Therasse P, Bogaerts J, et al.
New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45(2):228-247. doi:10.1016/j.ejca.2008.10.026

22. Wolchok JD, Hoos A, O’Day S, et al. Guidelines
for the evaluation of immune therapy activity in
solid tumors: immune-related response criteria. Clin
Cancer Res. 2009;15(23):7412-7420. doi:10.1158/
1078-0432.CCR-09-1624

23. Weide B, Martens A, Hassel JC, et al. Baseline
biomarkers for outcome of melanoma patients
treated with pembrolizumab. Clin Cancer Res. 2016;
22(22):5487-5496. doi:10.1158/1078-0432.CCR-16-
0127

24. Tumeh PC, Hellmann MD, Hamid O, et al. Liver
metastasis and treatment outcome with anti-PD-1
monoclonal antibody in patients with melanoma
and NSCLC. Cancer Immunol Res. 2017;5(5):417-424.
doi:10.1158/2326-6066.CIR-16-0325

25. Petrylak DP, Powles T, Bellmunt J, et al.
Atezolizumab (MPDL3280A) monotherapy for
patients with metastatic urothelial cancer:
long-term outcomes from a phase 1 study. JAMA
Oncol. 2018;4(4):537-544. doi:10.1001/jamaoncol.
2017.5440

26. Nanda R, Chow LQ, Dees EC, et al.
Pembrolizumab in patients with advanced

triple-negative breast cancer: phase Ib
KEYNOTE-012 study. J Clin Oncol. 2016;34(21):
2460-2467. doi:10.1200/JCO.2015.64.8931

27. Adams S, Schmid P, Rugo HS, et al. Phase 2
study of pembrolizumab (pembro) monotherapy
for previously treated metastatic triple-negative
breast cancer (mTNBC): KEYNOTE-086 cohort A.
J Clin Oncol. 2017;35 (suppl):abstr 1008.

28. Dirix LY, Takacs I, Jerusalem G, et al. Avelumab,
an anti-PD-L1 antibody, in patients with locally
advanced or metastatic breast cancer: a phase 1b
JAVELIN solid tumor study. Breast Cancer Res Treat.
2018;167(3):671-686. doi:10.1007/s10549-
017-4537-5

29. Robson M, Im SA, Senkus E, et al. Olaparib for
metastatic breast cancer in patients with a germline
BRCA mutation. N Engl J Med. 2017;377(6):523-533.
doi:10.1056/NEJMoa1706450

30. Lynparza (olaparib) [summary of product
characteristics]. Södertälje, Sweden: AstraZeneca;
2014.

31. Tolaney S, Kalinsky K, Kaklamani V, et al. Phase
1b/2 study to evaluate eribulin mesylate in
combination with pembrolizumab in patients with
metastatic triple-negative breast cancer. Presented
at: 2017 San Antonio Breast Cancer Symposium;
December 5-9, 2017; San Antonio, Texas.

32. Vinayak S, Tolaney SM, Schwartzberg LS, et al.
TOPACIO/Keynote-162: niraparib + pembrolizumab
in patients (pts) with metastatic triple-negative
breast cancer (TNBC), a phase 2 trial. J Clin Oncol.
2018;36(15 suppl):1011.

33. Domchek SM, Postel-Vinay S, Bang Y, et al. An
open-label, multitumor, phase II basket study of
olaparib and durvalumab (MEDIOLA): results in
germline BRCA-mutated (gBRCAm) HER2-negative
metastatic breast cancer (MBC). Presented at: 2017
San Antonio Breast Cancer Symposium; December
5-9, 2017; San Antonio, Texas.

34. Kok M, Voorwerk L, Horlings H, et al. Adaptive
phase II randomized trial of nivolumab after
induction treatment in triple negative breast cancer
(TONIC trial): final response data stage I and first
translational data. J Clin Oncol. 2018;36(15 suppl):
1012.

35. Loibl S, Untch M, Burchardi N, et al.
Randomized phase II neoadjuvant study
(GeparNuevo) to investigate the addition of
durvalumab to a taxane-anthracycline containing
chemotherapy in triple negative breast cancer
(TNBC). J Clin Oncol. 2018;36(15 suppl):3062.

36. Nanda R, Liu MC, Yau C, et al. Pembrolizumab
plus standard neoadjuvant therapy for high-risk
breast cancer (BC): results from I-SPY 2. J Clin Oncol.
2017;35(15 suppl):506.

37. Pohlmann PR, Diamond JR, Hamilton EP, et al.
Atezolizumab + nab-paclitaxel in metastatic
triple-negative breast cancer: 2-year update from a
phase Ib trial. Poster presented at: 2018 American
Association for Cancer Research Annual Meeting;
April 14-18, 2018; Chicago, Illinois.

Research Original Investigation Atezolizumab Therapy for Patients With Metastatic Triple-Negative Breast Cancer

82 JAMA Oncology January 2019 Volume 5, Number 1 (Reprinted) jamaoncology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1634/theoncologist.2011-S1-01
https://www.ncbi.nlm.nih.gov/pubmed/25285241
https://www.ncbi.nlm.nih.gov/pubmed/25285241
https://dx.doi.org/10.1007/s10549-016-4059-6
https://dx.doi.org/10.1007/s10549-016-4080-9
https://dx.doi.org/10.7497/j.issn.2095-3941.2015.0030
https://dx.doi.org/10.7497/j.issn.2095-3941.2015.0030
https://dx.doi.org/10.1200/JCO.2013.55.0491
https://dx.doi.org/10.1093/annonc/mdu112
https://dx.doi.org/10.1200/JCO.2014.58.1967
https://dx.doi.org/10.1158/1055-9965.EPI-14-0654
https://dx.doi.org/10.1158/1055-9965.EPI-14-0654
https://dx.doi.org/10.1158/2326-6066.CIR-13-0127
https://dx.doi.org/10.1038/nri2326
https://dx.doi.org/10.1007/s10549-014-2988-5
https://dx.doi.org/10.1007/s10549-014-2988-5
https://dx.doi.org/10.1038/nature14011
https://dx.doi.org/10.1016/j.immuni.2013.07.012
https://dx.doi.org/10.1200/JCO.2015.63.7421
https://dx.doi.org/10.1016/S0140-6736(16)00587-0
https://dx.doi.org/10.1016/S0140-6736(16)00587-0
https://dx.doi.org/10.1016/S0140-6736(16)32517-X
https://dx.doi.org/10.1016/S0140-6736(16)32517-X
https://dx.doi.org/10.1016/S0140-6736(16)00561-4
https://dx.doi.org/10.1016/S0140-6736(16)32455-2
https://dx.doi.org/10.1016/S0140-6736(16)32455-2
https://dx.doi.org/10.1016/j.ejca.2008.10.026
https://dx.doi.org/10.1158/1078-0432.CCR-09-1624
https://dx.doi.org/10.1158/1078-0432.CCR-09-1624
https://dx.doi.org/10.1158/1078-0432.CCR-16-0127
https://dx.doi.org/10.1158/1078-0432.CCR-16-0127
https://dx.doi.org/10.1158/2326-6066.CIR-16-0325
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.5440&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.5440&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224
https://dx.doi.org/10.1200/JCO.2015.64.8931
https://dx.doi.org/10.1007/s10549-017-4537-5
https://dx.doi.org/10.1007/s10549-017-4537-5
https://dx.doi.org/10.1056/NEJMoa1706450
https://www.ncbi.nlm.nih.gov/pubmed/28029304
https://www.ncbi.nlm.nih.gov/pubmed/28029304
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.4224

