
original
reports

Atezolizumab With Neoadjuvant
Anti–Human Epidermal Growth Factor Receptor
2 Therapy and Chemotherapy in Human
Epidermal Growth Factor Receptor 2–Positive
Early Breast Cancer: Primary Results of the
Randomized Phase III IMpassion050 Trial
Jens Huober, MD1,2; Carlos H. Barrios, MD3; Naoki Niikura, MD, PhD4; Michał Jarząb, MD, PhD5; Yuan-Ching Chang, MD, PhD6;
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abstract

PURPOSE Combining standard of care (pertuzumab-trastuzumab [PH], chemotherapy) with cancer immu-
notherapy may potentiate antitumor immunity, cytotoxic activity, and patient outcomes in high-risk, human
epidermal growth factor receptor 2 (HER2)–positive early breast cancer. We report the phase III IMpassion050
primary analysis of neoadjuvant atezolizumab, PH, and chemotherapy in these patients.

METHODS Patients with a primary tumor of. 2 cm and histologically confirmed, positive lymph node status
(T2-4, N1-3, M0) were randomly assigned 1:1 to atezolizumab/placebo with dose-dense doxorubicin/
cyclophosphamide, followed by paclitaxel, and PH. After surgery, patients were to continue atezolizumab/placebo and
PH (total: 1 year of HER2-targeted therapy); those with residual disease could switch to ado-trastuzumab emtansine
with atezolizumab/placebo. Coprimary efficacy end points were pathologic complete response (pCR; ypT0/is ypN0)
rates in intention-to-treat (ITT) and programmed cell death-ligand 1 (PD-L1)–positive populations.

RESULTS At clinical cutoff (February 5, 2021), pCR rates in the placebo and atezolizumab groups in the ITT
populations were 62.7% (n5 143/228) and 62.4% (n5 141/226), respectively (difference –0.33%; 95%CI, –9.2
to 8.6; P5 .9551). The pCR rates in the placebo and atezolizumab groups in patients with PD-L1–positive tumors
were 72.5% (n 5 79/109) and 64.2% (n 5 70/109), respectively (difference –8.26%; 95% CI, –20.6 to 4.0;
P5 .1846). Grade 3-4 and serious adverse events were more frequent in the atezolizumab versus placebo group.
Five grade 5 adverse events occurred (four neoadjuvant, one adjuvant; two assigned to study treatment), all with
atezolizumab. Overall, the safety profile was consistent with that of atezolizumab in other combination studies.

CONCLUSION Atezolizumab with neoadjuvant dose-dense doxorubicin/cyclophosphamide–paclitaxel and PH for
high-risk, HER2-positive early breast cancer did not increase pCR rates versus placebo in the ITT or PD-L1–
positive populations. PH and chemotherapy remains standard of care; longer follow-up may help to inform the
long-term impact of atezolizumab.
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INTRODUCTION

Human epidermal growth factor receptor 2 (HER2),
overexpressed in approximately 15%-20% of breast
carcinomas, conferred a more aggressive phenotype
and poorer patient outcomes.1,2 However, the
HER2-targeted therapies pertuzumab and trastuzumab
(PH) have substantially improved patient prognosis in
early and metastatic disease.3,4 In high-risk (tumor
. 2 cm/node-positive), HER2-positive early breast

cancer (EBC), neoadjuvant/adjuvant PH (total of
1 year) and chemotherapy is standard of care (SOC).5-9

Pathologic complete response (pCR) is associated
with significantly improved long-term outcomes in
HER2-positive breast cancer (BC).10,11 Patients with
residual disease in the breast and/or axilla or at an
initially advanced, clinical stage are at increased risk of
recurrence or death.10 For patients with residual dis-
ease following neoadjuvant therapy, ado-trastuzumab

ASSOCIATED
CONTENT

Data Supplement

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on May 16,
2022 and published at
ascopubs.org/journal/
jco on June 28, 2022:
DOI https://doi.org/10.
1200/JCO.21.02772

2946 Volume 40, Issue 25

https://ascopubs.org/doi/suppl/10.1200/JCO.21.02772
https://ascopubs.org/doi/suppl/10.1200/JCO.21.02772
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.21.02772
http://ascopubs.org/doi/full/10.1200/JCO.21.02772


emtansine is approved on the basis of KATHERINE
(ClinicalTrials.gov identifier: NCT01772472).5-9 However,
despite the use of ado-trastuzumab emtansine in patients
with residual disease, . 10% experience relapse after
approximately 3.5 years, emphasizing the need to improve
pCR rates and outcomes for high-risk, HER2-positive EBC.9

Spearheading the antitumor responses of the adaptive
immune system,12 tumor-infiltrating lymphocytes (TILs)
and activated T cells have been associated with a better
prognosis in HER2-positive EBC.13-15 Furthermore, long-
term efficacy of dual HER2-blockade suggests that the
immune system contributes substantially to the therapeutic
effects of monoclonal antibodies,4,16 with preclinical proof
of concept that combining HER2-targeted therapy with
cancer immunotherapy may result in greater efficacy.17-19

Programmed cell death-ligand 1 (PD-L1) is an immune
checkpoint protein that can downregulate the antitumor
immune response by impairing T-cell function.12 Atezoli-
zumab, a monoclonal antibody that selectively targets
PD-L1 to prevent interaction with its receptors programmed
death-1 and B7.1,20 is approved for the treatment of various
solid tumors.

IMpassion050 (ClinicalTrials.gov identifier: NCT03726879), a
double-blind, randomized, placebo-controlled study, evalu-
ated the efficacy and safety of neoadjuvant atezolizumab/
placebo, in combination with PH and chemotherapy, for
high-risk, HER2-positive EBC. We report the primary analysis.

METHODS

Study Design and Patients

Patients were$ 18 years old with a primary tumor of. 2 cm
and histologically confirmed, positive lymph node status (T2-4,
N1-3, M0), an Eastern Cooperative Oncology Group perfor-
mance status of 0/1, and a left ventricular ejection fraction of
$ 55%. Key exclusion criteria were prior history of invasive BC,
stage IV BC, prior systemic therapy for BC, or prior

anthracyclines or taxanes for any malignancy. HER2-positivity,
PD-L1 status, hormone receptor status, and PIK3CAmutation
status were assessed centrally.

Eligible patients were randomly assigned 1:1 using a
permuted-block method to receive intravenous (IV) ate-
zolizumab or placebo, with neoadjuvant dose-dense
doxorubicin and cyclophosphamide, followed by pacli-
taxel and PH (ddAC-PacPH; Data Supplement, online
only). Random assignment was stratified by tumor stage at
diagnosis (T2 v T3-4), hormone receptor status (estrogen
receptor–positive and/or progesterone receptor–positive v
estrogen receptor–/progesterone receptor–negative; en-
rollment of patients with hormone receptor–positive dis-
ease was capped at 50%), and PD-L1 status (PD-L1–
stained tumor-infiltrating immune cells [IC] covering$ 1%
of the tumor area [IC 1/2/3] v , 1% [IC 0]).

On June 4, 2019, the Protocol (online only) was amended to
be powered for the primary end point of pCR in the PD-L1–
positive population, in addition to the intention-to-treat (ITT)
population, because of the potential predictive value of
PD-L1 expression for clinical benefit with atezolizumab.21,22

The target sample size was thus increased from 224 to
453 patients.

Study Oversight

IMpassion050 was designed by the senior academic au-
thors and representatives of the sponsor (F. Hoffmann-La
Roche Ltd, Basel, Switzerland). Data were collected by the
sponsor and analyzed in collaboration with the senior ac-
ademic authors, who vouched for the completeness and
accuracy of the data and analyses, and for the fidelity of the
study to the protocol. IMpassion050 was performed in
accordance with Good Clinical Practice guidelines and the
Declaration of Helsinki. Protocol approval was obtained
from an independent ethics committee for every site. Every
patient provided written informed consent.

CONTEXT

Key Objective
Can addition of atezolizumab to neoadjuvant standard of care (pertuzumab and trastuzumab [PH], and chemotherapy)

improve outcomes in high-risk, human epidermal growth factor receptor 2–positive early breast cancer? To our
knowledge, IMpassion050 was the first study to assess this question.

Knowledge Generated
Compared with placebo plus PH and chemotherapy, atezolizumab plus PH and chemotherapy was not superior with

regards to pathologic complete response rate, both in the intention-to-treat and programmed cell death-ligand 1–positive
population. The overall safety profile was consistent with that observed in other combination studies of atezolizumab.

Relevance
These findings highlight the validity of PH and chemotherapy in human epidermal growth factor receptor 2–positive early

breast cancer, but longer follow-up of IMpassion050 is required to inform the long-term role of cancer immunotherapy,
such as atezolizumab, in this setting.
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Study Procedures

During the neoadjuvant phase, patients received, once
every 2 weeks for four cycles, IV atezolizumab 840 mg or
placebo, and IV doxorubicin 60 mg/m2 and cyclophos-
phamide 600 mg/m2 (ddAC) and myeloid growth factor
support according to local guidelines. This was followed by
four cycles of atezolizumab/placebo (1,200 mg IV once
every 3 weeks), paclitaxel (80 mg/m2 IV once weekly),
trastuzumab (8 mg/kg IV loading dose, followed by 6 mg/kg
IV once every 3 weeks), and pertuzumab (840 mg IV
loading dose, followed by 420 mg IV once every 3 weeks).
In the adjuvant phase, patients continued atezolizumab/
placebo with PH to complete 1 year of HER2-targeted
therapy. Patients with residual disease at surgery could
switch to ado-trastuzumab emtansine (3.6 mg/kg IV
once every 3 weeks for 14 cycles), while maintaining
atezolizumab/placebo. After review of unblinded safety
and efficacy on January 26, 2021, the independent Data
Monitoring Committee (iDMC) recommended stopping
randomized atezolizumab/placebo treatment because of
an unfavorable benefit-risk profile, with patients continuing
SOC through the completion of their adjuvant treatment per
study protocol. To reflect this, the protocol and informed
consent form were subsequently amended (see the Data

Supplement for major changes to the protocol from version
to version).

HER2-positive status was assessed with US Food and
Drug Administration–approved tests, either as an immu-
nohistochemistry (IHC) 31 score (PATHWAY anti-HER2/
neu [4B5] assay; Ventana Medical Systems, Inc, Tucson,
AZ), or as a HER2 gene amplification (ratio $ 2) by in situ
hybridization (ISH; INFORM HER2 dual ISH assay;
Ventana Medical Systems, Inc). PD-L1 status was
assessed by IHC (VENTANA SP142 antibody test; Ven-
tana Medical Systems, Inc). PIK3CA mutation status was
assessed using the cobas PIK3CA Mutation Test (Roche
Molecular Diagnostics, Pleasanton, CA) and cobas 4800
System (Roche Molecular Diagnostics), as described
previously.23

Study End Points

The coprimary end points were pCR rates (ypT0/is ypN0) in
the ITT and PD-L1–positive populations. Secondary end
points included pCR in patients with PD-L1–negative tu-
mors, event-free survival (EFS), and safety. EFS was de-
fined as the time from random assignment to the first
documented disease recurrence, unequivocal tumor pro-
gression determined by the treating investigator, or death

Assessed for eligibility 
(N = 669)

Patients randomly assigned 
(n = 454)

ITT population

Patients randomly assigned to
placebo and ddAC-PacHP (n = 228)

Patients randomly assigned to
atezolizumab and ddAC-PacHP (n = 226)

Patients treated and analyzed
for safety (n = 225)

Underwent surgery and
analyzed for safety in the
adjuvant phase (n = 215)

Received at least one dose of 
adjuvant therapy (n = 206)

Entered follow-up (n = 117)

On treatment (n = 102)

Patients treated and analyzed
for safety (n = 226)

Underwent surgery
and analyzed for safety in the

adjuvant phase (n = 216)

Received at least one dose of
adjuvant therapy (n = 208)

Entered follow-up (n = 118)

On treatment (n = 100)

Safety population

Surgery

Adjuvant phase

Follow-up

Excluded                                               (n = 215)
  Did not meet inclusion criteria         (n = 156)
  Did not meet exclusion criteria          (n = 59)

Patients did not receive any treatment                      (n = 3)
  Error with stratification or random assignment       (n = 1)
  Stage IV BC                                                                 (n = 1)
  Physician decision                                                      (n = 1)

Withdrawals from placebo    (n = 131)
Safety reasons
  AEs                                          (n = 35)
Nonsafety reasons
   Withdrawal by subject          (n = 10)
   Disease relapse                        (n = 4)
   Protocol deviation                   (n = 1)
   Other                                      (n = 81)

Withdrawals from atezolizumab    (n = 137)
Safety reasons
  AEs                                                   (n = 41)
  Died                                                    (n = 2)
Nonsafety reasons
   Withdrawal by subject                     (n = 11)
   Disease relapse                                (n = 3)
   Physician decision                           (n = 1)
   Other                                               (n = 79)

FIG 1. CONSORT diagram. AE, adverse event; BC, breast cancer; ddAC, dose-dense doxorubicin and cyclophosphamide; H, trastuzumab; ITT, intention-
to-treat; IV, intravenous; P, pertuzumab; Pac, paclitaxel.
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from any cause, whichever occurred first. Severity of ad-
verse events (AEs) was graded according to the National
Cancer Institute’s Common Terminology Criteria for Ad-
verse Events version 5.0.24

Statistical Analysis

The ITT population comprised all randomly assigned pa-
tients, whether or not the assigned study treatment was
received. The safety population comprised patients who
received any amount of any study drug.

The planned sample size was 453 patients (40% predicted
to have PD-L1–positive tumors). In the population with PD-
L1–positive tumors, this enabled 80% power to detect a
pCR improvement from 65% to 83% in the atezolizumab
group at a 4.8% significance level (two-sided), assuming a
dropout rate of 7%. Patients with a missing pCR assess-
ment were counted as not achieving a pCR. In the ITT
population, the sample size enabled 82.8% power to detect
an improvement from 54% to 72% at a 0.2% two-sided
significance level, assuming a dropout rate of 10%. pCR
treatment comparisons were made using Cochran-Mantel-
Haenszel tests, stratified according to the factors used at
random assignment. CIs for pCR differences between
groups were determined using the normal approximation
to the binomial distribution. Hazard ratios for EFS were
estimated using a Cox proportional hazards model. A

TABLE 1. Baseline Demographics and Disease Characteristics in the
ITT Population

Patient Demographic
or Characteristic

Placebo Plus
ddAC-PacPH
(n 5 228)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

Age

Median, years 50.0 50.0

, 65, No. (%) 207 (90.8) 204 (90.3)

$ 65, No. (%) 21 (9.2) 22 (9.7)

Sex, No. (%)

Female 227 (99.6) 225 (99.6)

Male 1 (0.4) 1 (0.4)

Race, No. (%)

White 142 (62.3) 149 (65.9)

Asian 66 (28.9) 62 (27.4)

Black or African
American

13 (5.7) 8 (3.5)

American Indian or
Alaska Native

1 (0.4) 1 (0.4)

Multiple or unknown 6 (2.6) 6 (2.7)

ECOG performance
status, No. (%)

0 215 (94.3) 215 (95.1)

1 13 (5.7) 11 (4.9)

Staging of primary tumor,
No. (%)

T2 151 (66.2) 150 (66.4)

T3-4 77 (33.8) 76 (33.6)

Staging of regional lymph
nodes, No. (%)

N1 157 (68.9) 169 (74.8)

N2 46 (20.2) 38 (16.8)

N3 25 (11.0) 19 (8.4)

Central hormone receptor
status, No. (%)

ER-positive and/or
PgR-positive

117 (51.3) 116 (51.3)

ER-negative and
PgR-negative

111 (48.7) 110 (48.7)

Central PD-L1 status,a

No. (%)

IC 0 (negative) 119 (52.2) 116 (51.3)

IC 1/2/3 (positive) 109 (47.8) 110 (48.7)

Central HER2 status by
IHC, No. (%)

0 1 (0.4) 0

11 1 (0.4) 2 (0.9)

21 23 (10.1) 18 (8.0)

31 201 (88.2) 204 (90.3)

Unknown 2 (0.9) 2 (0.9)

(continued in next column)

TABLE 1. Baseline Demographics and Disease Characteristics in the
ITT Population (continued)

Patient Demographic
or Characteristic

Placebo Plus
ddAC-PacPH
(n 5 228)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

Central HER2 status by
ISH, No. (%)

Positive 223 (97.8) 212 (93.8)

Negative 1 (0.4) 0

Unknown 4 (1.8) 14 (6.2)

Central PIK3CA
mutational status,
No. (%)

Mutated 61 (26.8) 67 (29.6)

Wild-type 155 (68.0) 150 (66.4)

Missing 12 (5.3) 9 (4.0)

Abbreviations: ddAC, dose-dense doxorubicin and
cyclophosphamide; ECOG, Eastern Cooperative Oncology Group; ER,
estrogen receptor; H, trastuzumab; HER2, human epidermal growth
factor receptor 2; IHC, immunohistochemistry; ISH, in situ
hybridization; ITT, intention-to-treat; N, nodal stage; P, pertuzumab;
Pac, paclitaxel; PD-L1, programmed cell death-ligand 1; PD-L1 IC,
PD-L1–expressing tumor-infiltrating immune cells as percentage of
tumor area; PgR, progesterone receptor; T, tumor stage.

aSome samples could only be matched to patients following random
assignment, which led to a change in PD-L1 status for one patient. The
efficacy analyses used the PD-L1 status assigned at random
assignment.
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predefined unstratified pCR subgroup analysis was con-
ducted for the ITT and PD-L1–positive populations. Safety
analyses were descriptive.

RESULTS

Study Population

Patients were enrolled from January 2019 to August 2020;
454 patients (228 with placebo and 226 with atezolizumab;
Fig 1) were randomly assigned across 73 sites in 12
countries. At clinical cutoff (February 5, 2021), 202 pa-
tients were on active treatment (44.5%), 228 were in follow-
up (50.2%), 24 had discontinued from the study (5.3%),
and three were yet to undergo surgery (Fig 1). Median
duration of follow-up was 15.9 (placebo) and 15.7 (ate-
zolizumab) months.

Baseline demographics and disease characteristics were
balanced between groups (Table 1).

Efficacy

pCR rates in the ITT population were 62.7% (n5 143/228)
with placebo and 62.4% (n 5 141/226) with atezolizumab
(difference –0.33%; 95% CI, –9.23 to 8.57; P 5 .9551;
Fig 2A). pCR rates in the PD-L1–positive population were
72.5% (n5 79/109) and 64.2% (n5 70/109) with placebo
and atezolizumab, respectively (difference –8.26%; 95% CI,
–20.56 to 4.04; P 5 .1846; Fig 2A). The results were
consistent across subgroups both in the ITT (Fig 2B) and
PD-L1–positive (Data Supplement) populations, on the basis
of age, race, tumor and nodal staging, and biomarkers,
including central HER2, hormone receptor, and PIK3CA
mutational status. In patients with PD-L1–negative tumors
(secondary end point), pCR rates were 53.8% (n5 64/119)
with placebo and 60.7% (n 5 71/117) with atezolizumab
(difference 6.90%; 95% CI, –5.69 to 19.49; Fig 2A).

Seven patients (3.1%) in the placebo group had an EFS
event compared with 12 (5.3%) in the atezolizumab group
(Data Supplement; P 5 .2084); median EFS was not es-
timable in either group. Overall, 13/19 (68.4%) events were
disease recurrences, five were fatal AEs, and one was death
due to gastric cancer. There was no disease progression
during neoadjuvant treatment.

Safety

In the neoadjuvant phase, exposure to study drugs did not
differ between groups (Data Supplement). The overall inci-
dence of serious AEs, grade 3-4 AEs, and AEs of special in-
terest (AESIs) for atezolizumab was increased in the
atezolizumab compared with the placebo group (Table 2).
There were similar rates of AEs leading to any study treatment
withdrawal between groups (Table 2). Grade 5 AEs were
imbalanced in the neoadjuvant phase, with four in the ate-
zolizumab group (alveolitis, septic shock, sepsis, and COVID-
19) versus none in the placebo group; two of these fatal AEs
(alveolitis and septic shock) were attributed by the investigator
to study treatment (Table 3). The grade 5 alveolitis, related to

ddAC and atezolizumab, occurred in an 81-year-old patient
admitted to hospital because of a traumatic vertebral fracture
complicated by pneumonia with suspected pulmonary me-
tastasis. The grade 5 septic shock, related to paclitaxel, PH,
and atezolizumab, occurred in a 61-year-old patientwith type 2
diabetes and urinary tract infection, aggravated by severe
neutropenia. Sepsis also occurred in a 69-year-old patient,
caused by relapsed anal fistula leading to perineal ulceration
and vulvar infection (in the absence of severe neutropenia).
The most common AEs with . 5% difference between
treatment groups were fatigue and vomiting (Table 4). The
most common grade 3-4 AEs with . 2% difference between
treatment groups were febrile neutropenia and neutropenia
(Table 4). The most common AESIs with . 5% difference
between treatment groups were immune-mediated rash and
hepatitis (Table 4). The most common treatment-related AEs
with. 10% incidence in either treatment group were diarrhea
and nausea (Data Supplement).

Fifty-five and 58 patients with residual disease in the
placebo and atezolizumab groups, respectively, switched
adjuvant treatment to ado-trastuzumab emtansine with
atezolizumab/placebo (Data Supplement). In the adjuvant
phase, the mean dose intensity for ado-trastuzumab
emtansine was similar between the placebo and atezoli-
zumab groups (96.5% and 96.0%, respectively; Data
Supplement). The atezolizumab and ado-trastuzumab
emtansine combination had a similar incidence of seri-
ous AEs, grade 3-4 AEs, and AEs leading to any treatment
withdrawal, compared with atezolizumab and PH or pla-
cebo and ado-trastuzumab emtansine (Data Supplement).
AESIs were increased in patients who received atezolizu-
mab and ado-trastuzumab emtansine, compared with
other groups, although grade 3-4 AESIs occurred with a
similar incidence (Data Supplement). There was one grade
5 AE in the adjuvant phase (COVID-19 in the atezolizumab
and PH group, not attributed by the investigator to study
treatment; Tables 2 and 3). Therefore, across both treat-
ment phases, five grade 5 AEs occurred in the atezolizu-
mab group versus zero in the placebo group.

Both fatal COVID-19 events occurred in the atezolizumab
group; any-grade and grade 3-4COVID-19 infections occurred
with a similar incidence in the placebo and atezolizumab
groups, in the neoadjuvant (any-grade: n 5 5/225
[2.2%] v 2/226 [0.9%]; grade 3-4: 0 v 0) and adjuvant (6/215
[2.8%] v 5/216 [2.3%]; 0 v 0) phases.

DISCUSSION

To our knowledge, IMpassion050 is the first phase III study
to report data on cancer immunotherapy in HER2-positive
EBC. pCR rates with PH and chemotherapy were high and
in accordance with study expectations; however, addition
of atezolizumab did not increase pCR rates versus placebo
in the ITT or PD-L1–positive populations. When the iDMC
recommended stopping randomized atezolizumab/placebo
treatment because of an unfavorable benefit-risk profile,
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ISH-positive 435 223 141 63.2 212 131 61.8 –1.44
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FIG 2. (A) pCR in the ITT (primary end point), PD-L1–positive (primary end point), and PD-L1–negative (secondary end point) populations, and
(B) pCR in subgroups of the ITT population. aStratified (Cochran-Mantel-Haenszel test). bISH-positive/IHC 0/11: number of pCR events in
placebo/atezolizumab: n5 0/2 versus n5 0/2. ISH-positive/IHC unknown: n5 1/2 versus n5 2/2. ISH-negative/IHC 31: n5 1/1 versus n5 0/0.
cIHC 0/11: number of pCR events in placebo/atezolizumab: n5 0/2 versus n5 0/2. IHC unknown: n5 1/2 versus n5 2/2. dPatients whose tumor
test results were IHC 21 had ISH-positive status. eISH-negative: number of pCR events in placebo/atezolizumab: n 5 1/1 versus n 5 0/0.
ISH-unknown: n 5 1/4 versus n 5 10/14. fPIK3CA missing: number of pCR events in placebo/atezolizumab: n 5 14/21 versus n 5 11/20. ddAC,
dose-dense doxorubicin and cyclophosphamide; ER, estrogen receptor; H, trastuzumab; IHC, immunohistochemistry; ISH, in situ hybridization;
ITT, intention-to-treat; N, nodal stage; NE, not estimable; P, pertuzumab; Pac, paclitaxel; pCR, pathologic complete response (ypT0/is ypN0);
PD-L1, programmed cell death-ligand 1; PgR, progesterone receptor; T, tumor stage.
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only three patients were yet to undergo surgery at clini-
cal cutoff (February 5, 2021). Thus, the assessment
of the coprimary end point of pCR in the ITT and PD-L1–

positive populations was not affected by the iDMC
recommendation.

Preclinical data provide a strong rationale for combining
cancer immunotherapy with HER2-targeted therapy in
HER2-positive BC.17-19 The lack of pCR improvement with
atezolizumab in IMpassion050 is surprising, given the
expected greater benefit of cancer immunotherapy in EBC
compared with the advanced setting, because of a lower
tumor burden, reduced immune escape mechanisms,
and a more efficient immune system in patients with
EBC.25 Treatment exposure is unlikely to explain the lack of
pCR benefit seen with atezolizumab, as exposure to
chemotherapy/HER2-targeted therapy was not compro-
mised by adding atezolizumab. Although achieving a pCR
has been associated with significantly improved long-term
outcomes (eg, EFS, overall survival [OS]) in patients with
HER2-positive EBC receiving neoadjuvant anti–HER2-
based therapy,10,11 there may be a long-term impact of
cancer immunotherapy even with no pCR improvement,
given the time required for cancer immunotherapy to exert
an antitumor immune response.26 This was seen in early
triple-negative BC (TNBC) in the GeparNuevo study, where
the addition of durvalumab to chemotherapy significantly
improved long-term outcomes despite a nonsignificant
numerical pCR increase.27 Furthermore, KEYNOTE-522
showed a significant improvement in pCR and EFS with
neoadjuvant pembrolizumab and chemotherapy, followed
by adjuvant pembrolizumab, versus placebo (pCR rates:
64.8% with pembrolizumab v 51.2% with placebo; esti-
mated treatment difference: 13.6%; P 5 .00055; EFS:
hazard ratio 5 0.63; P 5 .00031). At the 36-month time

TABLE 2. Overall Safety Profile Across the Neoadjuvant and Adjuvant Treatment Phases

AE

Neoadjuvant Phase Adjuvant Phase

Placebo Plus
ddAC-PacPH
(n 5 225)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

Placebo Plus
ddAC-PacPH
(n 5 215)

Atezolizumab Plus
ddAC-PacPH
(n 5 216)

All-grade AEs 225 (100) 226 (100) 183 (85.1) 196 (90.7)

Treatment-related 225 (100) 226 (100) 145 (67.4) 163 (75.5)

Grade 3-4 AEs 98 (43.6) 117 (51.8) 36 (16.7) 52 (24.1)

Treatment-related 95 (42.2) 107 (47.3) 21 (9.8) 29 (13.4)

Grade 5 AEs 0 4 (1.8) 0 1 (0.5)

Treatment-related 0 2 (0.9) 0 0

Serious AEs 30 (13.3) 44 (19.5) 18 (8.4) 24 (11.1)

Treatment-related 24 (10.7) 34 (15.0) 7 (3.3) 11 (5.1)

AEs leading to any treatment withdrawal 27 (12.0) 32 (14.2) 25 (11.6) 22 (10.2)

AE leading to atezolizumab/placebo withdrawal 13 (5.8) 19 (8.4) 20 (9.3) 21 (9.7)

AEs of special interest 138 (61.3) 164 (72.6) 92 (42.8) 122 (56.5)

Grade 3-4 15 (6.7) 24 (10.6) 5 (2.3) 14 (6.5)

NOTE. Safety population. Data are No. (%). For AEs of special interest, see Table 4.
Abbreviations: AE, adverse event; ddAC, dose-dense doxorubicin and cyclophosphamide; H, trastuzumab; P, pertuzumab; Pac, paclitaxel.

TABLE 3. Deaths Reported Across the Neoadjuvant and Adjuvant Treatment
Phases

Patient Status

Placebo Plus
ddAC-PacPH
(n 5 225)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

AEs leading to death, No.
of patients (%)

0 5 (2.2)

Neoadjuvant phase Alveolitis (day 75)a

Sepsis (day 72)

COVID-19 (day 115)

Septic shock (day 166)a

Adjuvant phase COVID-19 (day 265)

Disease recurrence listed
as cause of death, No.
of patients

3 1

Other, No. of patients 1 (primary gastric cancer) 0

Total, No. of patients (%) 4 (1.8) 6 (2.7)

NOTE. Safety population. Selected comorbidities and confounding factors were
as follows: Alveolitis: 81-year-old, female, White patient with vertebral fracture
complicated by pneumonia in a patient with suspected pulmonary metastasis.
Sepsis: 69-year-old, female, White patient with anal fistula relapse leading to
perineal ulceration and vulvar infection. Septic shock: 61-year-old, female, White
patient with type 2 diabetes and urinary tract infection aggravated by severe
neutropenia.
Abbreviations: AE, adverse event; ddAC, dose-dense doxorubicin and

cyclophosphamide; H, trastuzumab; P, pertuzumab; Pac, paclitaxel.
aCausality assigned to study treatment by the investigator.
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point, this EFS benefit with the addition of pembrolizumab
was particularly observed in patients without a pCR (67.4%
v 56.8%) versus those who did achieve a pCR (94.4% v
92.5%).28 These results may challenge the surrogacy of
pCR as an end point when evaluating the long-term benefit
of cancer immunotherapy in EBC and argue for powering
studies for long-term survival end points. Ongoing studies in
HER2-positive EBC, such as the adjuvant ASTEFANIA (Clin-
icalTrials.gov identifier: NCT04873362) and neoadjuvant/
adjuvant APTneo (ClinicalTrials.gov identifier: NCT03595592)
trials, may clarify the role of immunotherapy combined with
different HER2-targeted therapies as they are powered for long-
term efficacy end points.

Consistent with reports suggesting a prognostic role for
PD-L1 expression in BC,28-31 patients with PD-L1–positive

tumors in IMpassion050 demonstrated higher pCR rates
than those with PD-L1–negative tumors. Conversely, no pCR
benefit of adding atezolizumab to PHand chemotherapywas
observed in patients with PD-L1–positive tumors. This was
surprising given that, in PANACEA, pembrolizumab and
trastuzumab showed durable clinical benefit in patients with
PD-L1–positive, trastuzumab-resistant, HER2-positive ad-
vanced BC; with significantly greater TIL levels in objective
responders and those with disease control (despite small
sample sizes).32 Furthermore, KATE2 showed a possible
survival advantage by increasing PFS and OS with the ad-
dition of atezolizumab to ado-trastuzumab emtansine for
patients with PD-L1–positive tumors previously treated with a
taxane and trastuzumab, although the exploratory nature of
this subgroup analysis means confirmation of the results is

TABLE 4. Specific AE Summary in the Neoadjuvant and Adjuvant Treatment Phases

AE

Neoadjuvant Phase

Placebo Plus ddAC-PacPH
(n 5 225)

Atezolizumab Plus ddAC-PacPH
(n 5 226)

All-grade AEs with . 5% difference between
treatment groups

Fatigue 30 (13.3) 54 (23.9)

Vomiting 49 (21.8) 73 (32.3)

Hypothyroidism 6 (2.7) 28 (12.4)

Rash 29 (12.9) 51 (22.6)

ALT increased 46 (20.4) 63 (27.9)

Hyperthyroidism 0 15 (6.6)

Asthenia 76 (33.8) 91 (40.3)

AST increased 33 (14.7) 46 (20.4)

Grade 3-4 AEs with . 2% difference between
treatment groups

Febrile neutropenia 3 (1.3) 12 (5.3)

Neutropenia 41 (18.2) 36 (15.9)

Neutrophil count decreased 18 (8.0) 23 (10.2)

WBC count decreased 4 (1.8) 9 (4.0)

AE

Neoadjuvant Phase Adjuvant Phase

Placebo Plus
ddAC-PacPH
(n 5 225)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

Placebo Plus
ddAC-PacPH
(n 5 225)

Atezolizumab Plus
ddAC-PacPH
(n 5 226)

AEs of special interest with . 5% difference between treatment
groups in either treatment phase

138 (61.3) 164 (72.6) 92 (42.8) 122 (56.5)

Immune-mediated rash 67 (29.8) 83 (36.7) 47 (21.9) 62 (28.7)

Immune-mediated hepatitis (diagnosis and laboratory abnormalities) 66 (29.3) 76 (33.6) 33 (15.3) 45 (20.8)

Immune-mediated hepatitis (laboratory abnormalities)a 65 (28.9) 74 (32.7) 32 (14.9) 44 (20.4)

Immune-mediated hypothyroidism 9 (4.0) 33 (14.6) 23 (10.7) 27 (12.5)

NOTE. Safety population. Data are No. (%).
Abbreviations: AE, adverse event; ddAC, dose-dense doxorubicin and cyclophosphamide; H, trastuzumab; P, pertuzumab; Pac, paclitaxel.
aNumber of patients with immune-mediated hepatitis (diagnosis): three (1.3%), three (1.3%), one (0.5%), and one (0.5%).
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required.21 Nonetheless, there is increasing evidence from
neoadjuvant trials of early TNBC that PD-L1 status may not
be a predictor of benefit from checkpoint inhibitor therapy in
the early setting, and other additional factors, such as in-
duction of an immune response or enrichment of TILs, may
be more important.29,33 In the preliminary results from the
NeoTRIP trial of neoadjuvant atezolizumab plus carboplatin/
nab-paclitaxel in TNBC, atezolizumab did not significantly
increase pCR rate versus placebo in the overall population;
atezolizumab increased pCR by. 10% only in immune-rich
groups (PD-L1–positive and TIL-high disease).30

Similar to the results observed with the ITT and PD-L1–
positive populations in IMpassion050, no other biomarker
showing an increased treatment benefit from atezolizumab
versus placebo was identified. As observed previously,34-42

patients with tumors either hormone receptor–positive,
HER2 IHC 21, or PIK3CA-mutated tended to have lower
pCR rates in IMpassion050, compared with those with
hormone receptor-negative, HER2 IHC 31, or PIK3CA-wild-
type tumors, respectively, potentially reflecting lower ad-
diction to the HER2 pathway and/or intrinsic resistance to
anti-HER2 therapies. However, it is important to note the
small sample size of some of these subgroups, limiting in-
terpretation of the results.

In IMpassion050, the overall safety profile was consistent with
the known profile for atezolizumab in combination
studies.21,29,43,44 Nonetheless, five fatal AEs occurred (all in
the atezolizumab arm), two of which were considered
treatment-related by the investigator (alveolitis and septic

shock), and two were attributed to COVID-19. This imbalance
in deaths with atezolizumab seems to emerge upon
combination with an intense cytotoxic regimen, unlike
what has been observed in combination with single-agent
chemotherapy.43,45,46 This emphasizes the need for careful
patient monitoring and AEmanagement. The added toxicity of
cancer immunotherapies makes the demonstration of a clear
survival advantage paramount, particularly in a curative setting
such as EBC. Most AESIs were grade 1-2; however, some,
such as immune-related endocrine dysfunctions (eg, hypo-
thyroidism and adrenal insufficiency), are chronic andwarrant
careful patient selection in a curative setting.

IMpassion050, as a large clinical data set with ongoing cor-
relative analyses with tumor- and immune-related features,
may help to identify patients most likely to benefit from cancer
immunotherapy in HER2-positive EBC. However, EFS and OS
were secondary end points only, and IMpassion050 was
not powered for long-term outcomes, which limits full un-
derstanding of the long-term impact of atezolizumab in this
indication. Follow-up is ongoing and may be hypothesis-
generating with regards to the long-term benefit of atezoli-
zumab in EBC.

In conclusion, in the IMpassion050 primary analysis,
atezolizumab and neoadjuvant ddAC-PacPH for high-risk,
HER2-positive EBC did not increase pCR rates versus
placebo in either the ITT or the PD-L1–positive population.
Current neoadjuvant SOC for HER2-positive EBC (PH and
chemotherapy) remains valid; further data are needed to
clarify the role of cancer immunotherapy in this setting.
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