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IMPORTANCE Triple-negative breast cancer is an aggressive subtype with a high incidence in
young patients, a high incidence in non-Hispanic Black women, and a high risk of progression
to metastatic cancer, a devastating sequela with a 12- to 18-month life expectancy. Until
recently, one strategy for treating early-stage triple-negative breast cancer was
chemotherapy after surgery. However, it was not known whether the addition of immune
therapy to postsurgery chemotherapy would be beneficial.

OBJECTIVE To evaluate the addition of immune therapy in the form of atezolizumab
to postoperative chemotherapy in patients with the high-risk triple-negative
breast cancer subtype.

DESIGN, SETTING, AND PARTICIPANTS In this open-label international randomized phase 3 trial
conducted in more than 330 centers in 31 countries, patients undergoing surgery as initial
treatment for stage II or III triple-negative breast cancer were enrolled between August 2,
2018, and November 11, 2022. The last patient follow-up was on August 18, 2023.

INTERVENTIONS Patients were randomized (1:1) to receive standard chemotherapy for 20
weeks with (n = 1101) or without (n = 1098) the immune therapy drug atezolizumab
for up to 1 year.

MAIN OUTCOMES AND MEASURES The primary end point was invasive disease-free survival
(time between randomization and invasive breast cancer in the same or opposite breast,
recurrence elsewhere in the body, or death from any cause).

RESULTS The median age of enrolled patients was 53 years and most self-reported as being of
Asian or White race and neither Latino nor Hispanic ethnicity. The study independent data
monitoring committee halted enrollment at 2199 of 2300 planned patients. All patients
stopped atezolizumab following a planned early interim and futility analysis. The trial
continued to a premature final analysis. With invasive disease-free survival events in 141
patients (12.8%) treated with atezolizumab-chemotherapy and 125 (11.4%) with
chemotherapy alone (median follow-up, 32 months), the final stratified invasive disease-free
survival hazard ratio was 1.11 (95% CI, 0.87-1.42; P = .38). Compared with chemotherapy
alone, the regimen of atezolizumab plus chemotherapy was associated with more
treatment-related grade 3 or 4 adverse events (54% vs 44%) but similar incidences of
fatal adverse events (0.8% vs 0.6%) and adverse events leading to chemotherapy
discontinuation. Chemotherapy exposure was similar in the 2 treatment groups.

CONCLUSIONS AND RELEVANCE The addition of the immune therapy drug atezolizumab to
chemotherapy after surgery did not provide benefit among patients with triple-negative
breast cancer who are at high risk of recurrent disease.
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T riple-negative breast cancer (TNBC) is a breast cancer
subtype defined by the absence of ERBB2/HER2 DNA
amplification or protein overexpression and low or no

expression of estrogen and progesterone receptors. TNBC is
associated with a high risk of progression to metastatic disease,1

higher incidence in younger women compared with other
subtypes,2-4 and higher incidence in non-Hispanic Black
women.5,6 Historically, approximately one-third of individu-
als with stage II or III TNBC experience a metastatic recur-
rence, despite receiving the best-available chemotherapy,
within 2 to 3 years after an early-stage diagnosis, which, in turn,
has a life expectancy of only 12 to 18 months.1 Consequently,
innovation beyond conventional chemotherapy has been an
unmet need. This trial investigated whether the efficacy of
curative-intent adjuvant chemotherapy for TNBC is im-
proved by adding immune therapy, which has become a stan-
dard in many other solid tumors and for selected patients
with advanced TNBC. The introduction of modern immune
therapy (blocking either the immunomodulatory receptor
cytotoxic T-lymphocyte-associated protein 4 [CTLA-4] or the
immunoinhibitory receptor programmed cell death 1 [PD-1]
protein and its ligand programmed death-ligand 1 [PD-L1])
has revolutionized clinical oncology.7 Pivotal trials evaluat-
ing the addition of immune checkpoint inhibition to con-
ventional chemotherapy demonstrated improved outcomes
in several solid tumor types characterized by high tumor mu-
tational burden,8 including melanoma,9-12 non–small cell
lung,13,14 and urothelial15 cancers. Breast cancer, which has
intermediate tumor mutational burden, was thus a logical tar-
get and early clinical data of immunotherapy with chemo-
therapy in metastatic TNBC were encouraging.16-19 Evalua-
tion of atezolizumab for early-stage diagnosis was subsequently
supported by phase 3 trial results demonstrating signifi-
cantly improved outcomes with the addition of immuno-
therapy to first-line chemotherapy for biomarker-selected
(tumors with high expression of the target, PD-L1) advanced
TNBC.20-23

The ALEXANDRA/IMpassion030 trial investigated com-
bining atezolizumab with standard adjuvant chemotherapy
for patients who had undergone surgery as their first treat-
ment for stage II or III TNBC. We report results from the
final analysis.

Methods
This was an international, open-label, randomized phase 3 trial
evaluating atezolizumab combined with standard adjuvant
chemotherapy and continued as maintenance for early-stage
TNBC. The trial protocol, amendments, informed consent
forms, and patient information were approved by each site’s
ethics committee before study initiation. All patients pro-
vided written informed consent before enrollment. None re-
ceived a stipend for participation. All authors attest that the
trial was conducted in accordance with the protocol, its amend-
ments, and Good Clinical Practice standards. We followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline for randomized trials.

Patients
Eligible patients were aged 18 years or older with non-
metastatic operable stage II or III TNBC (no ERBB2 amplifica-
tion or HER2 overexpression, <1% expression of estrogen and
progesterone receptors, determined at a central laboratory
according to the American Society of Clinical Oncology/
College of American Pathologists criteria24-26; Table 1) that
had been adequately excised (breast-conserving surgery or
mastectomy). Sentinel lymph node biopsy and/or axillary
lymph node dissection was mandatory to evaluate pathologi-
cal nodal status. It was planned to enroll a population
enriched (≥50%) for node-positive disease; patients with
node-negative disease had to have a pathological tumor size
of 2 cm or larger. A representative formalin-fixed paraffin-
embedded tumor specimen was required from all patients
before enrollment for central evaluation of PD-L1 status using
the VENTANA SP142 immunohistochemistry assay (Roche
Diagnostics). Patients with a history of invasive breast can-
cer; any T4 tumor; prior systemic anticancer treatment for
the currently diagnosed breast cancer; or prior anthracycline,
taxane, or immune checkpoint inhibitor therapy were ineli-
gible. The protocol in Supplement 1 details complete eligibil-
ity criteria.

Treatment
All patients received standard combination chemotherapy
comprising 80 mg/m2 of paclitaxel weekly for 12 weeks fol-
lowed by 60 mg/m2 of dose-dense doxorubicin or 90 mg/m2

of dose-dense epirubicin (investigator’s choice) given with
600 mg/m2 of cyclophosphamide every 2 weeks for 4 cycles,
supported with granulocyte or granulocyte-macrophage
colony-stimulating factor. Patients were randomized in a 1:1
ratio to receive chemotherapy with or without 840 mg of
atezolizumab every 2 weeks for up to 10 doses, followed in
the experimental group by 1200 mg of maintenance atezoli-
zumab every 3 weeks for up to 1 year in total (Figure 1). Ran-
domization used permuted blocks, with a fixed block size
and the following stratification factors: axillary nodal status

Key Points
Question Does the addition of 1 year of immune therapy to
standard-of-care postoperative chemotherapy reduce the risk of
recurrence in patients with high-risk early-stage triple-negative
breast cancer after surgery?

Findings This international, open-label, phase 3 trial randomized
2199 patients with stage II or III triple-negative breast cancer who
had completed definitive surgery to receive standard-of-care
curative-intent chemotherapy with or without atezolizumab-
mediated immune therapy and did not demonstrate an
improvement in recurrence rates and/or death with the addition
of immune therapy (primary end point: invasive disease–free
survival).

Meaning The addition of the immunotherapy drug atezolizumab
to postoperative chemotherapy is not effective in patients with
triple-negative breast cancer who are at high risk of developing
metastases.
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(0 vs 1-3 vs ≥4 lymph nodes positive for cancer); surgical
approach (breast conserving vs mastectomy); and tumor
PD-L1 status (PD-L1 expression on <1% of immune cells [ICs]:
<1% [IC0] vs ≥1% [IC1-IC3]). The random allocations were
generated by an external interactive voice- or web-based
response system (iXRS) company, with participants enrolled
at each site using the iXRS. In this open-label trial, the study
team was blinded to PD-L1 status and had restricted access to
the randomization lists.

End Points
The primary end point was invasive disease-free survival (in-
vasive DFS), defined as the interval between randomization
and the first ipsilateral invasive breast tumor recurrence, ipsi-
lateral local-regional invasive breast cancer recurrence,
ipsilateral second primary invasive breast cancer, contralat-
eral invasive breast cancer, distant recurrence, or death from
any cause in the intent-to-treat (ITT) population. Secondary
end points included invasive DFS in the populations with
PD-L1–positive (ICs ≥1%) and node-positive TNBC; overall
survival; invasive DFS including second primary non–breast
invasive cancer; recurrence-free interval; distant recurrence–
free interval; DFS; and safety (occurrence and severity of
adverse events).

Table 1. Baseline Patient Characteristics

Characteristics

No. (%) of patients
Atezolizumab +
chemotherapy
(n = 1101)

Chemotherapy
alone
(n = 1098)

Sex

Female 1101 (100) 1094 (<100)

Male 0 4 (<0.05)

Age, y

Median (IQR) 53 (44–61) 53 (44–62)

<65 916 (83) 905 (82)

≥65 185 (17) 193 (18)

Self-reported race, No./total (%)

American Indian or Alaska Native 29/1015 (3) 28/999 (3)

Asian 423/1015 (42) 401/999 (40)

Black or African American 8/1015 (1) 2/999 (<0.5)

White 554/1015 (55) 567/999 (57)

Othera 1/1015 (<0.5) 1/999 (<0.5)

Self-reported ethnicity,
No./total (%)

Hispanic or Latino 75/1025 (7) 100/1006 (10)

Not Hispanic or Latino 950/1025 (93) 906/1006 (90)

Geographic region

Asiab 423 (38) 395 (36)

Europec 410 (37) 387 (35)

Russian Federation 179 (16) 188 (17)

South Americad 66 (6) 93 (8)

US 14 (1) 17 (2)

Australia 9 (1) 18 (2)

ECOG performance statuse

0 887 (81) 895 (82)

1 214 (19) 203 (18)

Histology

Ductal not otherwise specified 841 (76) 813 (74)

Lobular 39 (4) 54 (5)

Ductal with medullary features 27 (2) 52 (5)

Metaplastic 50 (5) 47 (4)

Tubular 9 (1) 14 (1)

Mucinous 3 (<0.5) 3 (<0.5)

Other 154 (14) 150 (14)

Histological grade at screening,
No./total (%)

Poorly differentiated 686/954 (72) 653/965 (68)

Moderately differentiated 205/954 (21) 234/965 (24)

Well differentiated 59/954 (6) 75/965 (8)

Anaplastic 4/954 (<0.5) 3/965 (<0.5)

Primary tumor stage

T1 157 (14) 162 (15)

T2 868 (79) 882 (80)

T3 71 (6) 52 (5)

Otherf 5 (<0.5) 2 (<0.5)

Axillary nodal statusg

0 577 (52) 573 (52)

1–3 390 (35) 390 (36)

≥4 134 (12) 135 (12)

(continued)

Table 1. Baseline Patient Characteristics (continued)

Characteristics

No. (%) of patients
Atezolizumab +
chemotherapy
(n = 1101)

Chemotherapy
alone
(n = 1098)

AJCC stage at surgery,
No./total (%)

Ih 4/1100 (<0.5) 1 (<0.5)

II 933/1100 (85) 940 (86)

III 163/1100 (15) 157 (14)

PD-L1 statusg

IC0 316 (29) 316 (29)

IC1-IC3 785 (71) 782 (71)

Surgeryg

Breast conserving 524 (48) 523 (48)

Mastectomy 577 (52) 575 (52)

Abbreviations: AJCC, American Joint Commission on Cancer; ECOG, Eastern
Cooperative Oncology Group; IC, immune cell; PD-L1, programmed death -
ligand 1.
a Native Hawaiian or other Pacific Islander (n = 1), multiple (n = 1).
b China, Hong Kong, Japan, Republic of Korea, Singapore, Taiwan, and Thailand.
c Austria, Belgium, Czech Republic, Denmark, France, Germany, Hungary,

Ireland, Israel, Italy, Poland, Romania, Spain, Switzerland, Turkey, Ukraine, and
United Kingdom.

d Argentina, Brazil, Mexico, and Peru.
e A score of 0 represents fully active, able to carry on all predisease

performance without restrictions, and a score of 1 represents restricted in
physically strenuous activity but ambulatory and able to carry out work of
a light or sedentary nature.

f Includes primary tumor sizes T0, T in situ, T4, T4b, and missing.
g As recorded in the interactive voice- or web-based response system (iXRS).
h Not eligible for the trial.
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Statistical Analysis
The study plan was to enroll 2300 patients from 31 countries.
Early versions of the statistical analysis plan included 1 planned
interim analysis at 80% information (310 of 388 invasive DFS
events). The sample size for the analysis of invasive DFS was
determined using Cytel East 6, reproduced (and updated for
changes to the number of interim analyses) in R package
rpact,27-29 assuming approximately 80% power to detect an as-
sumed hazard ratio (HR) of 0.75 using a 2-sided stratified log-
rank test at the .05 significance level (type I error rate), piece-
wise annual hazard rates (0.047, 0.108, 0.035, 0.038, 0.029,
0.029, 0.014) for the control arm based on previous adjuvant
triple-negative breast cancer trials,30-32 2.5% annual loss to
follow-up, 1 interim analysis, and accrual over 51 months.

In November 2022, after enrolling 2199 (96%) of the
planned patients, the independent data monitoring commit-
tee recommended temporarily halting recruitment, resulting
in a health authority request to advance the planned interim
analysis to mid-March 2023 and add a futility assessment. The
study protocol (Supplement 1) and statistical analysis plan
(Supplement 2) were updated to include an additional in-
terim analysis at approximately 62% information (242 inva-
sive DFS events) with a nonbinding futility analysis (futility
boundary: HR >1). The second interim analysis at 80% infor-
mation and the final analysis were updated to occur after 312
and 390 invasive DFS events, respectively. Other assump-
tions were unchanged. The final analysis of the key second-
ary end points including overall survival was planned accord-
ing to the fixed-sequence hierarchical testing procedure.33,34

On March 15, 2023, following the interim and futility analy-
ses and based on the independent data monitoring commit-
tee’s recommendations, atezolizumab treatment was stopped
and enrollment was permanently discontinued. By the final
database lock (November 20, 2023), 266 of the planned 390
invasive DFS events had occurred. The final significance
boundary for invasive DFS was calculated as .04988 (2-
sided), considering the interim and final analyses at 239 and
266 invasive DFS events, respectively, and the overall protocol-
specified significance level of .05 (type I error rate). Bound-
aries for statistical significance were determined based on the
Lan-DeMets α-spending function with an O’Brien-Fleming
boundary35 with fixed-sequence hierarchical group-
sequential testing, strongly protecting the family-wise error
rate. Key secondary end points were to be tested only if the
primary end point and preceding secondary end points crossed
the significance boundaries.

Efficacy was analyzed in the ITT population, comprising
all patients as randomized. Safety was analyzed in the safety
population, comprising all patients who received at least 1 dose
of study medication, as treated.

Assessments
Race (and ethnicity in patients enrolled in the US) was self-
reported by patients from a fixed list according to each coun-
try’s regulations to provide a more comprehensive descrip-
tion of the study population. Disease status was evaluated at
clinic visits every 3 months during study treatment and for up
to 3 years after randomization; every 6 months from 3 to 5 years

Figure 1. Recruitment, Randomization, and Follow-Up in the ALEXANDRA/IMpassion030 Trial

3066 Patients with nonmetastatic operable triple-negative
breast cancer were assessed for eligibility

867 Excluded
591 Did not meet inclusion criteria

106 Other

100 Withdrew consent
70 Exclusion criterion met

2199 Randomized

1098 Included in the primary analysis for efficacy
1084 Included in the safety analysis

14 Excluded from safety analysis (not treated)

1101 Included in the primary analysis for efficacy
1093 Included in the safety analysis

8 Excluded from safety analysis (not treated)

1098 Randomized to receive chemotherapy alone
1084 Received intervention as randomized

14 Did not receive intervention as randomized
11 Withdrew
3 Physician decision

1101 Randomized to receive atezolizumab plus
chemotherapy
1093 Received intervention as randomized

8 Did not receive intervention as randomized
5 Withdrew
2 Physician decision
1 Disease relapse

1098 Discontinued from study
933 Study terminated by sponsor
88 Patient withdrawal
58 Died
15 Lost to follow-up
4 Physician decision

1101 Discontinued from study
927 Study terminated by sponsor
73 Patient withdrawal
72 Died
26 Lost to follow-up
2 Physician decision
1 Disease relapse
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after randomization; and annually thereafter until the study
end. Adverse events were graded using National Cancer Insti-
tute Common Terminology Criteria for Adverse Events ver-
sion 5.0 and patients were followed up for 30 days after the
last study dose. Importantly, this resulted in longer follow-up
in the atezolizumab group (30 days after the last dose of main-
tenance atezolizumab at 1 year) than in the control group (30
days after the last anthracycline and/or cyclophosphamide dose
at 19 weeks). Additionally, during the maintenance phase, clinic
visits were every 3 weeks in the atezolizumab group vs every
6 weeks in the chemotherapy-alone group.

Trial Oversight
The trial was sponsored by F. Hoffmann-La Roche Ltd and con-
ducted in collaboration with the Breast International Group
(BIG), Brussels, Belgium, with the participation of BIG mem-
ber groups, Alliance Foundation Trials, and independent sites
in Asia, Europe, North and South America, and Australia.
Samples were tested centrally at the European Institute of
Oncology and Q Squared Solutions (China). Data manage-
ment was conducted by Institut Jules Bordet Clinical Trials
Support Unit, Brussels, Belgium, and statistical analyses by
Frontier Science Foundation, Kincraig, Scotland. The spon-
sor had no access to the full database before the steering com-
mittee released the results.

Results
Patients and Treatment
Between August 2, 2018, and November 11, 2022, 2199 pa-
tients were enrolled from more than 330 centers in 31 coun-
tries. Of these, 1101 were randomized to receive atezoli-

zumab with their chemotherapy and 1098 to chemotherapy
alone; 2177 were treated (Figure 1). Overall, 49% of patients had
node-positive disease, 71% had PD-L1–positive tumors, and 61%
had poorly differentiated histology; the highest recruiting
countries were the Russian Federation (17%), Ukraine (13%),
and China (12%; Table 1; eTable 1 in Supplement 3). The
COVID-19 pandemic and Russia-Ukraine conflict had only a mi-
nor impact on the study conduct and no impact on the results
and conclusions.

The median duration of atezolizumab treatment was 11.5
months (IQR, 9.4-11.8; range, 0-12.7 months), corresponding
to 15 cycles (range, 1-16). Among 328 patients (30%) discon-
tinuing atezolizumab prematurely, the most common rea-
sons were adverse events (13%), patient withdrawal (5%), study
termination (4%), and disease recurrence (4%). In both treat-
ment groups, patients received a median of 4 doses (range, 1-4)
of cyclophosphamide and epirubicin or doxorubicin, and 12
doses (range, 1-13) of paclitaxel.

Efficacy
The median follow-up at the final analysis was 32 months
(range, 0-59 months). In the ITT population, invasive DFS
events had been recorded among 266 patients: 141 (12.8%) in
the atezolizumab plus chemotherapy group and 125 (11.4%)
in the chemotherapy-alone group (Figure 2). The final strati-
fied HR for invasive DFS was 1.11 (95% CI, 0.87-1.42; P = .38).
eTable 2 in Supplement 3 shows the sensitivity analyses.
Descriptive subgroup analyses of invasive DFS, including
PD-L1–positive TNBC, showed no benefit from the addition of
atezolizumab to chemotherapy (Figure 3 and eFigure 1 in
Supplement 3). Descriptive analysis of secondary efficacy end
points suggested consistency with the invasive DFS results
(Table 2; eFigure 2 in Supplement 3).

Figure 2. Final Analysis of Invasive Disease–Free Survival in the Intention-to-Treat Population
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Chemotherapy + atezolizumab (n = 1101) 141 (12.8)
Chemotherapy alone (n = 1098) 125 (11.4)

Stratified hazard ratio (95% CI) 1.11 (0.87-1.42)
P value .38

The hazard ratio was estimated by
stratified Cox regression analysis with
the following strata: axillary nodal
status, surgery (breast conserving vs
mastectomy), and tumor
programmed death ligand 1 status.
The P value was estimated by a
stratified log-rank test.

The median follow-up was 32.3
(IQR, 22.3-41.3) months for
atezolizumab plus chemotherapy and
31.9 (IQR, 22.5-41.2) months for
chemotherapy alone. The
Kaplan-Meier plot is truncated at 48
months, when 165 patients (<8%)
remained in follow-up.
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Safety
Compared with chemotherapy alone, atezolizumab plus
chemotherapy was associated with more treatment-related
grade 3 or 4 adverse events (54% vs 44%) and treatment-
related serious adverse events (19% vs 10%; eTable 3 in
Supplement 3). Fifteen patients had fatal adverse events:
9 (0.8%) treated with atezolizumab plus chemotherapy
and 6 (0.6%) with chemotherapy alone (eTable 4 in Supple-
ment 3). Only 1 of these deaths was considered by the

investigator to be treatment related (paclitaxel-attributed
pneumonia in a 79-year-old patient receiving chemo-
therapy alone). Adverse events led to atezolizumab discon-
tinuation in 13% of patients treated with atezolizumab plus
chemotherapy (during the induction phase in 8%). How-
ever, chemotherapy discontinuation for adverse events was
infrequent in both groups and the addition of atezolizumab
did not affect chemotherapy dose intensity (eTable 3 in
Supplement 3).

Figure 3. Final Unstratified Analysis of Invasive Disease–Free Survival in Key Subgroups, With Hazard Ratios
Estimated by Unstratified Cox Regression

Favors
chemotherapy +

atezolizumab

Favors
chemotherapy
alone

1010.1
Hazard ratio (95% CI)

Chemotherapy
+ atezolizumab
(n = 1101)

Chemotherapy
alone
(n = 1098)Subgroup

Unstratified hazard
ratio (95% CI)

1101 1098All patients 1.12 (0.88–1.43)
PD-L1 status (iXRS)

316 316IC0 1.37 (0.93–2.03)
785 782IC1-IC3 1.00 (0.74–1.36)

Surgery (iXRS)
524 523Breast conserving 1.45 (0.97–2.15)
577 575Mastectomy 0.97 (0.71–1.31)

Axillary nodal status (iXRS)
577 5730 0.88 (0.60–1.28)
390 3901-3 1.57 (1.03–2.39)
134 135≥4 1.08 (0.67–1.75)

Primary tumor stage at first diagnosis
157 162T1 1.97 (0.91–4.26)
868 882T2 1.06 (0.81–1.39)

AJCC stage at surgery
933 940II 1.16 (0.88–1.55)
163 157III 0.98 (0.62–1.54)

Age, y
916 905<65 0.96 (0.73–1.25)
185 193≥65 2.17 (1.24–3.78)

Baseline ECOG performance status
887 8950 1.13 (0.87–1.48)
214 2031 1.10 (0.62–1.95)

71 52T3 0.84 (0.37–1.90)

The dashed line represents the
hazard ratio for all patients.

AJCC indicates American
Joint Commission on Cancer;
ECOG, Eastern Cooperative Oncology
Group; IC, immune cell;
iXRS, interactive voice- or
web-based response system;
PD-L1, programmed death ligand 1.

Table 2. Summary of Primary and Secondary Efficacy End Points in the Intention-to-Treat Population

End point

No. (%) of events
Stratified
hazard ratio
(95% CI)a

3-Year event free, % (SE)

Difference
(95% CI)

Atezolizumab +
chemotherapy
(n = 1101)

Chemotherapy
alone
(n = 1098)

Atezolizumab +
chemotherapy
(n = 1101)

Chemotherapy
alone
(n = 1098)

Invasive disease-free survival 141 (12.8) 125 (11.4) 1.11 (0.87 to 1.42) 84.6 (1.23) 86.4 (1.18) −1.8 (−5.2 to 1.5)

PD-L1 positive, No./total (%) 83/785 (10.6) 81/782 (10.4) 1.00 (0.73 to 1.35) 87.6 (1.31) 88.0 (1.32) −0.4 (−4.0 to 3.2)

Node positive, No./total (%) 92/534 (17.2) 70/533 (13.1) 1.32 (0.97 to 1.80) 78.1 (2.10) 83.1 (1.93) −5.0 (−10.6 to 0.6)

Overall survival 72 (6.5) 58 (5.3) 1.23 (0.87 to 1.73) 92.3 (0.93) 93.7 (0.85) −1.3 (−3.8 to 1.2)

Invasive disease-free survival
including second primary
non–breast invasive cancer

144 (13.1) 135 (12.3) 1.05 (0.83 to 1.33) 84.4 (1.24) 85.3 (1.24) −1.0 (−4.4 to 2.5)

Recurrence-free interval 119 (10.8) 113 (10.3) 1.04 (0.80 to 1.34) 86.7 (1.17) 87.7 (1.13) −1.0 (−4.2 to 2.2)

Distant recurrence-free interval 86 (7.8) 88 (8.0) 0.97 (0.72 to 1.31) 90.0 (1.05) 90.3 (1.03) −0.3 (−3.1 to 2.6)

Disease-free survival 145 (13.2) 135 (12.3) 1.06 (0.84 to 1.34) 84.3 (1.24) 85.3 (1.24) −1.1 (−4.5 to 2.4)

Abbreviation: PD-L1, programmed death ligand 1.
a Hazard ratios were estimated by stratified Cox regression with the following

strata: axillary nodal status, surgery (breast conserving vs mastectomy), and

tumor PD-L1 status. Event-free percentages were based on Kaplan-Meier
estimates.
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Most adverse events occurred at similar incidences in the
2 treatment groups (Table 3). The most common with both
regimens were alopecia, nausea, anemia, and fatigue. Com-
pared with chemotherapy alone, atezolizumab plus chemo-
therapy was associated with higher incidences of diarrhea
(26% vs 17%), increased aspartate aminotransferase (23% vs
15%), rash (16% vs 8%), and hypothyroidism (15% vs 1%). The
most common immune-mediated adverse events were rash,
hepatitis (predominantly laboratory abnormalities emerging
during the induction period), and hypothyroidism (Table 3;
eTable 5 in Supplement 3). Atezolizumab was interrupted for
immune-mediated adverse events in 252 patients (23%).

Discussion
To our knowledge, this is the only phase 3 randomized trial
involving patients with high-risk early-stage TNBC to evalu-
ate adding a PD-L1 or PD-1 inhibitor to adjuvant chemo-
therapy in patients who undergo surgery as their initial
treatment. Postoperative atezolizumab-mediated immune

therapy did not add benefit to standard chemotherapy after
surgery. The HR for invasive DFS of 1.11 (95% CI, 0.87-1.42;
P = .38), and consistent descriptive results for secondary
efficacy end points do not support adding atezolizumab to
adjuvant chemotherapy for patients who have undergone
primary surgery for early-stage TNBC. Safety results were
consistent with the known safety profile of atezolizumab in
early-stage TNBC36 and across indications. Atezolizumab
was associated with increased incidences of treatment-
related grade 3 or 4 and serious adverse events, although
more frequent visits during maintenance atezolizumab may
bias comparison with chemotherapy alone. Atezolizumab
did not compromise delivery of the standard chemotherapy
backbone.

The negative results from the current trial contrast with
those from randomized trials evaluating PD-L1 and PD-1 in-
hibitors in the neoadjuvant setting demonstrating signifi-
cantly improved outcomes vs chemotherapy alone.36-40 In the
KEYNOTE-522 trial, pathological complete response rate,
event-free survival (coprimary end points) and overall sur-
vival (secondary end point) were significantly improved with

Table 3. Most Common Adverse Events (>15% of Patients) and Immune-Mediated Adverse Events
(>10% of Patients) in the Safety Populationa

Adverse events

No. (%) of patients
Atezolizumab + chemotherapy
(n = 1093)

Chemotherapy alone
(n = 1084)

Any grade Grade 3 or 4 Any grade Grade 3 or 4
Most common

Alopecia 735 (67) NA 715 (66) NA

Nausea 553 (51) 8 (1) 531 (49) 12 (1)

Anemia 423 (39) 71 (6) 424 (39) 70 (6)

Fatigue 326 (30) 23 (2) 269 (25) 19 (2)

ALT increased 297 (27) 49 (4) 242 (22) 25 (2)

Diarrhea 287 (26) 15 (1) 188 (17) 1 (<0.5)

Neutrophil count decreased 279 (26) 172 (16) 260 (24) 163 (15)

Neutropenia 247 (23) 178 (16) 255 (24) 173 (16)

AST increased 247 (23) 27 (2) 161 (15) 7 (1)

WBC decreased 240 (22) 110 (10) 200 (18) 95 (9)

Asthenia 235 (22) 17 (2) 231 (21) 11 (1)

Constipation 231 (21) 2 (<0.5) 210 (19) 0

Arthralgia 218 (20) 1 (<0.5) 150 (14) 1 (<0.5)

Decreased appetite 214 (20) 11 (1) 145 (13) 4 (<0.5)

Myalgia 202 (18) 2 (<0.5) 175 (16) 3 (<0.5)

Peripheral sensory neuropathy 196 (18) 3 (<0.5) 185 (17) 1 (<0.5)

Vomiting 177 (16) 7 (1) 147 (14) 6 (1)

Headache 177 (16) 1 (<0.5) 135 (12) 0

Pyrexia 170 (16) 0 113 (10) 1 (<0.5)

Rash 170 (16) 8 (1) 89 (8) 1 (<0.5)

Hypothyroidism 163 (15) 2 (<0.5) 6 (1) 0

Immune mediated

Rash 471 (43) 22 (2) 327 (30) 5 (<0.5)

Hepatitis (diagnosis and laboratory
abnormalities)

370 (34) 66 (6) 286 (26) 30 (3)

Hepatitis (laboratory abnormalities) 354 (32) 59 (5) 281 (26) 28 (3)

Hepatitis (diagnosis) 23 (2) 7 (1) 8 (1) 2 (<0.5)

Hypothyroidism 205 (19) 3 (<0.5) 10 (1) 0

Abbreviations: ALT, alanine
aminotransferase; AST, aspartate
aminotransferase; NA, not applicable;
WBC, white blood cell count.
a Adverse events were graded using

National Cancer Institute Common
Terminology Criteria for Adverse
Events version 5.0.
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pembrolizumab added to neoadjuvant chemotherapy fol-
lowed by adjuvant pembrolizumab after surgery37,38,41; con-
sequently, preoperative and postoperative pembrolizumab
therapy has become the standard of care for otherwise unse-
lected stage II and III TNBC.42 The smaller IMpassion031 trial
also demonstrated significantly improved pathological com-
plete response rate (primary end point) with atezolizumab
added to neoadjuvant chemotherapy and a suggestion of im-
proved event-free, disease-free, and overall survival,43 al-
though the trial was neither powered nor designed to detect
differences in these end points.36 In contrast, the NeoTRIP trial
did not demonstrate benefit from atezolizumab in the neoad-
juvant setting, with no improvement in the primary end point
of event-free survival44 nor pathological complete response
rate,45 although differences in its trial design (eg, lack of an-
thracycline chemotherapy) may have contributed to the dif-
ferent outcome.

A reasonable interpretation of the accumulating evidence
might be that neoadjuvant initiation of immunotherapy
is more effective than adjuvant administration alone.46

Because treatment stimulates immune cells close to the
tumor, postoperative immune checkpoint inhibitor applica-
tion, after removing the primary tumor and lymph nodes,
may not represent the optimal biological context for immu-
notherapy. Preclinical research in TNBC mouse models
indicated greater efficacy of neoadjuvant vs adjuvant immu-
notherapy.46 Interestingly, among patients with resectable
stage III or IV melanoma, event-free survival was signifi-
cantly longer with perioperative pembrolizumab than with
adjuvant-only pembrolizumab.47 This finding appears con-
sistent with cumulative findings in early-stage TNBC, empha-
sizing the importance of preoperative immune checkpoint
blockade regimens and moving away from offering adjuvant-
only treatment to patients eligible for chemoimmunotherapy
for stage II or III TNBC. We cannot exclude the possibility
that the efficacy and safety results of the current trial could
have been different had another immune checkpoint inhibi-
tor been investigated. The phase 3 trial of first-line pembroli-
zumab in advanced TNBC demonstrated significant improve-
ment across end points,22,23 whereas more heterogenous
results have been seen for atezolizumab across 3 phase 3 trials
involving patients with advanced disease (positive IMpas-
sion130 trial,20,21 negative IMpassion131,48 and IMpassion13249

trials), albeit there are important differences in trial designs,
chemotherapy backbones, patient populations, and treat-
ment settings. The ongoing placebo-controlled GeparDouze/
NSABP B-59 trial50 with a design similar to the KEYNOTE-522
trial will inform whether preoperative initiation of atezoli-
zumab with chemotherapy followed by postoperative
atezolizumab improves long-term outcomes.

The current trial provides the only results on cancer im-
munotherapy plus chemotherapy as adjuvant-only treat-
ment, and no other immunotherapy trials are investigating this
specific therapeutic approach. Based on these results, pa-
tients who receive surgery before any chemotherapy should
not receive atezolizumab with their postoperative chemo-
therapy. The lack of benefit from adjuvant atezolizumab, to-
gether with the overall survival benefit observed with peri-

operative pembrolizumab in the KEYNOTE-522 trial, suggest
that the preferred strategy for patients with high-risk TNBC is
initial chemoimmunotherapy followed by surgery.42 Globally,
many patients with stage II or III TNBC still have surgery as their
initial treatment.51,52 Therefore, it is critical that findings from
this trial are considered in multidisciplinary team discus-
sions at the time of diagnosis.

Two trials aim to answer whether adjuvant immuno-
therapy offers benefit to patients with TNBC who have
residual disease after neoadjuvant chemotherapy and sur-
gery. In this postneoadjuvant TNBC setting, recent results
from the A-BRAVE trial, although negative for the primary
end point of DFS,53 suggest improved overall survival (sec-
ondary end point) among patients receiving single-agent
avelumab for residual disease following neoadjuvant che-
motherapy. The ongoing randomized phase 3 SWOG S1418/
BR-006 trial (NCT02954874) in a similar postneoadjuvant
setting is comparing 1 year of pembrolizumab therapy vs
observation among patients with residual disease after
neoadjuvant chemotherapy who had received standard
adjuvant therapy after surgery. It remains to be seen whether
immune checkpoint blockade plays a role in this very specific
high-risk setting, but, in both trials, systemic chemotherapy
is being given before surgery.

Important study strengths include its global footprint, the
large sample size, its unique nature as the only phase 3 trial
evaluating immune checkpoint blockade as pure adjuvant
therapy for TNBC, and central pathology review.

Limitations
There are several limitations to this trial. First, the trial was dis-
continued after 266 of the required 390 invasive DFS events
for final analysis. Having crossed the prespecified (nonbind-
ing) futility boundary for invasive DFS, the likelihood of dem-
onstrating a significant improvement was deemed too low to
justify continuing the trial. The hierarchical design means that
analysis of all secondary end points is only descriptive and ex-
ploratory. Second, the premature trial termination shortened
follow-up; thus, long-term safety information is limited and
late-onset adverse events may not be captured. Third, the open-
label design and more frequent monitoring throughout main-
tenance therapy in the atezolizumab plus chemotherapy group
may have introduced bias. Fourth, the paclitaxel chemo-
therapy backbone may raise questions, given the differing out-
comes in the metastatic setting with atezolizumab combined
with nab-paclitaxel in the IMpassion130 trial (clinically rel-
evant overall survival improvement)20,21 and paclitaxel in the
IMpassion131 trial (no benefit).48 The fifth limitation is that
BRCA status was available for only around 20% of patients en-
rolled in the trial. Sixth, despite enrolling globally, less than
1% of patients were Black.

Conclusions
Adding the immune checkpoint inhibitor atezolizumab to post-
operative chemotherapy did not reduce risk of recurrence or
death for patients with high-risk early-stage TNBC.

Research Original Investigation Adjuvant Atezolizumab for Triple-Negative Breast Cancer

E8 JAMA Published online January 30, 2025 (Reprinted) jama.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Université Libre de Bruxelles user on 01/30/2025

https://clinicaltrials.gov/search?cond=NCT02954874
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886


ARTICLE INFORMATION

Accepted for Publication: November 27, 2024.

Published Online: January 30, 2025.
doi:10.1001/jama.2024.26886

Author Affiliations: Institut Jules Bordet,
l’Université Libre de Bruxelles and Hôpital
Universitaire de Bruxelles, Brussels, Belgium
(Ignatiadis, de Azambuja, Piccart); Frontier Science,
Kincraig, United Kingdom (Bailey); Simmons Cancer
Center at UT Southwestern Medical Center, Dallas,
Texas (McArthur); Breast International Group,
Brussels, Belgium (El-abed, Cameron); Dana-Farber
Cancer Institute, Boston, Massachusetts (Metzger,
Gelber); Genentech Inc, South San Francisco,
California (Chui, Shearer-Kang, Molinero); F.
Hoffmann-La Roche Ltd, Basel, Switzerland
(Dieterich, Perretti); Medical University of Vienna,
Vienna, Austria (Steger); Medical University of
Gdansk, Gdansk, Poland (Jassem); National
University Hospital Singapore, Singapore (Lee);
Cancer Trials Ireland, Dublin, Ireland (Higgins);
National University of Tucaman, Tucaman,
Argentina (Zarba); Comprehensive Cancer Center
University Medical Center Mainz, Mainz, Germany
(Schmidt); National Institute of Neoplastic
Diseases, Lima, Peru (Gomez); Oncology Institute,
Valencia, Spain (Guerrero Zotano); Grupo Español
de Investigación en Cáncer de Mama, Madrid, Spain
(Guerrero Zotano); Azienda University Hospital,
Modena, Italy (Moscetti); Queen Mary Hospital &
Gleneagles Hospital Hong Kong, Hong Kong (Chiu);
European Institute of Oncology IRCCS, Milan, Italy
(Munzone, Viale); Kaplan Medical Center, Rehovot,
Israel (Ben-Baruch); Instituto Nationale Tumori,
Milan, Italy (Bajetta); Cancer Institute of the
Japanese Foundation for Cancer Research, Tokyo,
Japan (Ohno); Seoul National University College of
Medicine, Seoul, Republic of Korea (Im); Hospital
São Lucas PUCRS, Porto Alegre, Brazil (Werutsky);
Breast Oncology Institute, Sheba Medical Centre,
Ramat Gan, Israel (Gal-Yam); International
University of Catalonia, Barcelona, Spain (Gonzalez
Farre); Taipei Veterans General Hospital, Taipei,
Taiwan (Tseng); Institut Regional du Cancer,
Montpellier, France (Jacot); Breast Center
Niederrhein, Mönchengladbach, Germany (Gluz);
Fudan University Cancer Institute, Shanghai, China
(Shao); Lviv National Medical University, Lviv,
Ukraine (Shparyk); Omsk Clinical Oncological
Dispensary, Omsk, Russian Federation (Zimina);
Yale Cancer Center, New Haven, Connecticut
(Winer); University of Edinburgh, Edinburgh,
United Kingdom (Cameron); Fukushima Medical
University, Fukushima, Japan (Saji); Frontier
Science, Boston, Massachusetts
(Gelber).

Author Contributions: Messrs Bailey and Perretti
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis. Drs Ignatiadis and
McArthur and Mr Bailey were cofirst authors. Drs
Saji, Gelber, and Piccart were colast authors.
Concept and design: El-abed, de Azambuja,
Metzger, Chui, Dieterich, Molinero, Higgins,
Ben-Baruch, Ohno, Im, Gluz, Winer, Cameron, Saji,
Gelber.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Ignatiadis, Bailey,
McArthur, El-abed, Chui, Dieterich, Shearer-Kang,

Molinero, Higgins, Zarba, Ohno, Gonzalez Farre,
Jacot, Gluz, Cameron, Saji, Gelber.
Critical review of the manuscript for important
intellectual content: All authors.
Statistical analysis: Bailey, Perretti.
Administrative, technical, or material support:
McArthur, El-abed, Metzger, Chui, Dieterich,
Molinero, Jassem, Higgins, Schmidt, Im, Werutsky,
Gal-Yam, Jacot, Gluz, Shao, Viale.
Supervision: Ignatiadis, El-abed, Chui, Dieterich,
Shearer-Kang, Molinero, Zarba, Munzone, Ohno,
Gonzalez Farre, Gluz, Cameron, Saji, Gelber, Piccart.
Other: Guerrero Zotano.

Conflict of Interest Disclosures: Dr Ignatiadis
reported receiving grants to his institution from
Roche, Pfizer, Natera, and Inivata and serving as a
consultant for Daiichi, Seattle Genetics,
AstraZeneca, Menarini/Stemline, Gilead Sciences,
Novartis, and Rejuveron Senescence Therapeutics.
Dr McArthur reported receiving grants to her
institution from AstraZeneca, Bristol Myers Squibb,
and Merck and personal fees from Novartis, Gilead,
Pfizer, Lilly, Merck, Moderna, Daiichi-Sankyo,
Seattle Genetics, Crown Bioscience, Puma
Biotechnology, Bristol Myers Squibb, and
AstraZeneca. Dr El-abed reported receiving grants
through her institution from AstraZeneca,
Roche-Genentech, Tesaro, Novartis, Pfizer, Servier,
Biovica, GlaxoSmithKline, and Sanofi-Aventis and
having a patent for MammaPrint. Dr de Azambuja
reported receiving support to his institution from
Roche for the conduct of the trial; personal fees
from Roche-Genentech, Novartis, SeaGen, Zodiac,
Libbs, Pierre Fabre, Lilly, AstraZeneca, MSD, and
Gilead Sciences outside the submitted work; and
travel grants from AstraZeneca and Gilead. Dr Chui
reported having been an employee of, owning stock
in, and being named on a pending patent through
Roche-Genentech and being a current employee of
and owning stock in Revolution Medicines.
Dr Dieterich reported being an employee of and
owning stock in F. Hoffmann-La Roche Ltd.
Dr Shearer-Kang reported being an employee of
Roche-Genentech. Dr Molinero reported being an
employee of and owning stock in
Roche-Genentech. Dr Steger reported receiving
personal fees from Roche Austria during the
conduct of the study and nonfinancial support from
Roche Austria outside the submitted work.
Dr Jassem reported receiving personal fees from
Bristol Myers Squibb, MSD, and Novartis and travel
fees from Pfizer and Takeda. Dr Lee reported
receiving speaker fees from and serving on an
advisory board of Roche during the conduct of the
study; receiving research grants and speaker fees
from and serving on an advisory board of MSD
outside the submitted work. Dr Higgins reported
receiving travel and conference fee support from
Roche. Dr Schmidt reported receiving grants from
the German Breast Group during and outside the
conduct of the study; personal fees from
AstraZeneca, BioNTech, Daiichi Sankyo, Eisai,
Gilead, Lilly, Menarini Stemline, MSD, Novartis,
Pfizer, Pierre Fabre, and Roche; and having patents
for EP 2390370 B1 and EP 2951317 B1 issued to
University Medical Center Mainz. Dr Guerrero
Zotano reported receiving personal fees from
Novartis, Pfizer, Lilly, AstraZeneca, Menarini,
Daiichi-Sankyo, and Palex. Dr Moscetti reported
receiving personal fees from Gilead, Novartis,
Daiichi Sankyo, Lilly, Pfizer, and Roche. Dr Munzone

reported receiving personal fees from Exact
Sciences, MSD Oncology, Daiichi Sankyo–
AstraZeneca, Pfizer, Ipsen, and Seagen, and
nonfinancial support from Roche, Lilly, Novartis,
Gilead Sciences, Pierre Fabre, and Astra Zeneca.
Dr Ohno reported receiving personal fees from
Chugai, MSD, Nippon Kayaku, and Kyowa Kirin.
Dr Im reported receiving grants from Roche,
AstraZeneca, Eisai, Daewoong Pharm, Pfizer, and
Boryung Pharm and serving as an advisor to
Novartis, Roche, MSD, and Lilly. Dr Werutsky
reported receiving grants from Roche during the
conduct of the study and honoraria, consulting, and
speaking fees from Roche, Bristol Myers Squibb,
MSD, Novartis, Daiichi, and AstraZeneca.
Dr Gal-Yam reported receiving personal fees from
Roche, MSD, Pfizer, AstraZeneca, Novartis, Gilead,
and Lilly. Dr Gonzalez Farre reported receiving
personal fees from Pierre Fabre, Novartis, Astra
Zeneca, and Gilead and nonfinancial support from
Lilly. Dr Jacot reported receiving grants from
AstraZeneca and Daiichi Sankyo; personal fees from
AstraZeneca, Eisai, Novartis, Roche, Pfizer, Lilly,
MSD, Bristol Myers Squibb, Chugai, Seagen, Gilead,
and Daiichi Sankyo and nonfinancial support from
AstraZeneca, Eisai, Novartis, Roche, Pfizer, Eli illy,
Chugai, and Gilead. Dr Gluz reported receiving
personal fees from Roche, AstraZeneca, Gilead,
MSD, Novartis, Pfizer, Lilly, Exact Science, Agendia,
Daiichi Sankyo, and the West German Study Group.
Dr Cameron reported receiving to his institution
fees for speaking and serving on an advisory board
and an independent monitoring committee of
Roche. Dr Viale reported serving on the advisory
boards of Roche, AstraZeneca, Daiichi Sankyo, and
Pfizer and receiving consulting fees from Agilent
and lecture fees from Gilead. Dr Saji reported
receiving grants from Chugai, Taiho, Eisai, Takeda,
MSD, AstraZeneca, Daiichi Sankyo, Gilead, Lilly, and
Sanofi and personal fees from Chugai, Kyowa Kirin,
NSD, Novartis, Eisai, Takeda, Daiichi Sankyo, Lilly,
Astra Zeneca, Pfizer, Taiho, Ono, Nippon Kayaku,
Gilead, and Exact Sciences. Dr Gelber reported
receiving grants to his institution from Roche,
AstraZeneca, and Merck. Dr Piccart reported
receiving personal fees from the Oncolytics
scientific board; consulting fees from AstraZeneca
Gilead, Lilly, Menarini, MSD, Novartis, Pfizer,
Roche-Genentech, Seattle Genetics, Seagen, NBE
Therapeutics, and Frame Therapeutics; and grants
from Servier, Synthon, AstraZeneca, Radius, Lilly,
Menarini, MSD, Novartis, Pfizer, Roche-Genentech,
and Gilead. No other disclosures were reported.

Funding/Support: The trial was sponsored by
F. Hoffmann-La Roche Ltd and conducted in
collaboration with the Breast International Group,
with the participation of member groups, Alliance
Foundation Trials, and independent sites.

Role of the Funder/Sponsor: The sponsor had no
access to the full database before the steering
committee released the results but was involved
(through membership of the study team and steering
committee) in the design and conduct of the study;
collection, management, analysis, and interpretation
of the data; preparation, review, and approval of the
manuscript; and the decision to submit the
manuscript for publication. Samples were tested
centrally at the European Institute of Oncology and
Q Squared Solutions (China). Data management was
conducted by Institut Jules Bordet/Clinical Trials
Support Unit and statistical analyses by Frontier

Adjuvant Atezolizumab for Triple-Negative Breast Cancer Original Investigation Research

jama.com (Reprinted) JAMA Published online January 30, 2025 E9

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Université Libre de Bruxelles user on 01/30/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.26886?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886


Science Foundation. A medical writer (Jennifer Kelly)
funded by F. Hoffmann-La Roche Ltd supported
preparation of all manuscript drafts.

Group Information: The list of investigators
appears in eTable 1 in Supplement 3.

Meeting Presentation: Results from this trial were
presented in part as oral presentations at the
San Antonio Breast Cancer Symposium 2023;
December 5-9, 2023, San Antonio, Texas; and the
14th European Breast Cancer Conference, March
20-23, 2024; Milan, Italy.

Data Sharing Statement: See Supplement 4.

Additional Contributions: We thank all patients
and their families and all investigators, study teams
and committees, and central laboratory staff who
contributed to this study. We thank the BIG
participating groups: Austrian Breast and Colorectal
Cancer Study Group, Central and East European
Oncology Group, Cancer Trials Ireland, Cancer
Therapeutics Research Group, International Breast
Cancer Study Group, Grupo Argentino de
Investigación Clinica en Oncologia, German Breast
Group, Grupo de Estudios Clinicos Oncologicos
Peruano, Spanish Breast Cancer Group, Italian
Oncology Group for Clinical Research, Hong Kong
Breast Oncology Group, Israeli Breast Group, Italian
Trials in Medical Oncology, Japan Breast Cancer
Research Group, Korean Cancer Study Group,
Latin American Cooperative Oncology Group,
Sheba Breast Collaborative Group, Grupo SOLTI,
Taiwan Cooperative Oncology Group, Unicancer
Group, and Westdeutsche Studiengruppe.
Medical writing assistance was provided by
Jennifer Kelly, MA (Medi-Kelsey Ltd), funded by
F. Hoffmann-La Roche Ltd.

REFERENCES

1. Dent R, Trudeau M, Pritchard KI, et al.
Triple-negative breast cancer: clinical features and
patterns of recurrence. Clin Cancer Res. 2007;13(15
pt 1):4429-4434. doi:10.1158/1078-0432.CCR-06-
3045

2. Basmadjian RB, Chow K, Kim D, et al. The
association between early-onset diagnosis and
clinical outcomes in triple-negative breast cancer:
a systematic review and meta-analysis. Cancers
(Basel). 2023;15(7):1923. doi:10.3390/
cancers15071923

3. Vuong B, Jacinto AI, Chang SB, Kuehner GE,
Savitz AC. Contemporary review of the
management and treatment of young breast cancer
patients. Clin Breast Cancer. 2024;24(8):663-675.
doi:10.1016/j.clbc.2024.06.001

4. Aldrich J, Canning M, Bhave M. Monitoring of
triple negative breast cancer after neoadjuvant
chemotherapy. Clin Breast Cancer. 2023;23(8):832-
834. doi:10.1016/j.clbc.2023.08.001

5. Pederson HJ, Al-Hilli Z, Kurian AW. Racial
disparities in breast cancer risk factors and risk
management. Maturitas. 2024;184:107949. doi:10.
1016/j.maturitas.2024.107949

6. Newman LA, Kaljee LM. Health disparities and
triple-negative breast cancer in African American
women: a review. JAMA Surg. 2017;152(5):485-493.
doi:10.1001/jamasurg.2017.0005

7. Pardoll DM. Immunology beats cancer:
a blueprint for successful translation. Nat Immunol.
2012;13(12):1129-1132. doi:10.1038/ni.2392

8. Alexandrov LB, Nik-Zainal S, Wedge DC, et al;
Australian Pancreatic Cancer Genome Initiative;
ICGC Breast Cancer Consortium; ICGC MMML-Seq
Consortium; ICGC PedBrain. Signatures of
mutational processes in human cancer. Nature.
2013;500(7463):415-421. doi:10.1038/nature12477

9. Weber J, Mandala M, Del Vecchio M, et al;
CheckMate 238 Collaborators. Adjuvant nivolumab
versus ipilimumab in resected stage III or IV
melanoma. N Engl J Med. 2017;377(19):1824-1835.
doi:10.1056/NEJMoa1709030

10. Kirkwood JM, Del Vecchio M, Weber J, et al.
Adjuvant nivolumab in resected stage IIB/C
melanoma: primary results from the randomized,
phase 3 CheckMate 76K trial. Nat Med. 2023;29(11):
2835-2843. doi:10.1038/s41591-023-02583-2

11. Eggermont AMM, Blank CU, Mandala M, et al.
Adjuvant pembrolizumab versus placebo in
resected stage III melanoma. N Engl J Med. 2018;
378(19):1789-1801. doi:10.1056/NEJMoa1802357

12. Eggermont AM, Chiarion-Sileni V, Grob JJ, et al.
Prolonged survival in stage III melanoma with
ipilimumab adjuvant therapy. N Engl J Med. 2016;
375(19):1845-1855. doi:10.1056/NEJMoa1611299

13. O’Brien M, Paz-Ares L, Marreaud S, et al;
EORTC-1416-LCG/ETOP 8-15—PEARLS/
KEYNOTE-091 Investigators. Pembrolizumab
versus placebo as adjuvant therapy for completely
resected stage IB-IIIA non-small-cell lung cancer
(PEARLS/KEYNOTE-091): an interim analysis of a
randomised, triple-blind, phase 3 trial. Lancet Oncol.
2022;23(10):1274-1286. doi:10.1016/S1470-2045(22)
00518-6

14. Felip E, Altorki N, Zhou C, et al; IMpower010
Investigators. Adjuvant atezolizumab after adjuvant
chemotherapy in resected stage IB-IIIA
non-small-cell lung cancer (IMpower010):
a randomised, multicentre, open-label, phase 3
trial. Lancet. 2021;398(10308):1344-1357. doi:10.
1016/S0140-6736(21)02098-5

15. Bajorin DF, Witjes JA, Gschwend JE, et al.
Adjuvant nivolumab versus placebo in
muscle-invasive urothelial carcinoma. N Engl J Med.
2021;384(22):2102-2114. doi:10.1056/
NEJMoa2034442

16. Bianchini G, Balko JM, Mayer IA, Sanders ME,
Gianni L. Triple-negative breast cancer: challenges
and opportunities of a heterogeneous disease. Nat
Rev Clin Oncol. 2016;13(11):674-690. doi:10.1038/
nrclinonc.2016.66

17. Loi S, Sirtaine N, Piette F, et al. Prognostic and
predictive value of tumor-infiltrating lymphocytes
in a phase III randomized adjuvant breast cancer
trial in node-positive breast cancer comparing the
addition of docetaxel to doxorubicin with
doxorubicin-based chemotherapy: BIG 02-98. J Clin
Oncol. 2013;31(7):860-867. doi:10.1200/JCO.2011.
41.0902

18. Ignatiadis M, Singhal SK, Desmedt C, et al. Gene
modules and response to neoadjuvant
chemotherapy in breast cancer subtypes: a pooled
analysis. J Clin Oncol. 2012;30(16):1996-2004.
doi:10.1200/JCO.2011.39.5624

19. Schmid P, Cruz C, Braiteh FS, et al. Abstract
2986: atezolizumab in metastatic TNBC (mTNBC):
long-term clinical outcomes and biomarker
analyses. Cancer Res. 2017;77(13 suppl):2986.
doi:10.1158/1538-7445.AM2017-2986

20. Schmid P, Adams S, Rugo HS, et al;
IMpassion130 Trial Investigators. Atezolizumab and
nab-paclitaxel in advanced triple-negative breast
cancer. N Engl J Med. 2018;379(22):2108-2121.
doi:10.1056/NEJMoa1809615

21. Emens LA, Adams S, Barrios CH, et al. First-line
atezolizumab plus nab-paclitaxel for unresectable,
locally advanced, or metastatic triple-negative
breast cancer: IMpassion130 final overall survival
analysis. Ann Oncol. 2021;32(8):983-993. doi:10.
1016/j.annonc.2021.05.355

22. Cortes J, Cescon DW, Rugo HS, et al;
KEYNOTE-355 Investigators. Pembrolizumab plus
chemotherapy versus placebo plus chemotherapy
for previously untreated locally recurrent
inoperable or metastatic triple-negative breast
cancer (KEYNOTE-355): a randomised,
placebo-controlled, double-blind, phase 3 clinical
trial. Lancet. 2020;396(10265):1817-1828. doi:10.
1016/S0140-6736(20)32531-9

23. Cortes J, Rugo HS, Cescon DW, et al;
KEYNOTE-355 Investigators. Pembrolizumab plus
chemotherapy in advanced triple-negative breast
cancer. N Engl J Med. 2022;387(3):217-226. doi:10.
1056/NEJMoa2202809

24. Allison KH, Hammond MEH, Dowsett M, et al.
Estrogen and progesterone receptor testing in
breast cancer: ASCO/CAP guideline update. J Clin
Oncol. 2020;38(12):1346-1366. doi:10.1200/JCO.19.
02309

25. Hammond ME, Hayes DF, Wolff AC, Mangu PB,
Temin S. American Society of Clinical
Oncology/College of American Pathologists
guideline recommendations for immunohisto-
chemical testing of estrogen and progesterone
receptors in breast cancer. J Oncol Pract. 2010;6(4):
195-197. doi:10.1200/JOP.777003

26. Wolff AC, Hammond MEH, Allison KH, et al.
Human epidermal growth factor receptor 2 testing
in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical
practice guideline focused update. Arch Pathol Lab
Med. 2018;142(11):1364-1382. doi:10.5858/arpa.
2018-0902-SA

27. Wassmer G, Pahlke F. rpact: confirmatory
adaptive clinical trial design and analysis. R package
version 2.0.6. 2019. Accessed November 13, 2024.
https://CRAN.R-project.org/package=rpact

28. R Core Team. A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria; 2019. Accessed
November 13, 2024. https://www.R-project.org

29. Wassmer G, Brannath W. Group Sequential and
Confirmatory Adaptive Designs in Clinical Trials.
Springer; 2016. doi:10.1007/978-3-319-32562-0

30. Cameron D, Brown J, Dent R, et al. Adjuvant
bevacizumab-containing therapy in triple-negative
breast cancer (BEATRICE): primary results of a
randomised, phase 3 trial. Lancet Oncol. 2013;14
(10):933-942. doi:10.1016/S1470-2045(13)70335-8

31. Sparano JA, Zhao F, Martino S, et al. Long-term
follow-up of the E1199 phase III trial evaluating the
role of taxane and schedule in operable breast
cancer. J Clin Oncol. 2015;33(21):2353-2360. doi:10.
1200/JCO.2015.60.9271

32. Colleoni M, Gray KP, Gelber S, et al. Low-dose
oral cyclophosphamide and methotrexate
maintenance for hormone receptor-negative early
breast cancer: International Breast Cancer Study

Research Original Investigation Adjuvant Atezolizumab for Triple-Negative Breast Cancer

E10 JAMA Published online January 30, 2025 (Reprinted) jama.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Université Libre de Bruxelles user on 01/30/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.26886?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2024.26886?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886
https://dx.doi.org/10.1158/1078-0432.CCR-06-3045
https://dx.doi.org/10.1158/1078-0432.CCR-06-3045
https://dx.doi.org/10.3390/cancers15071923
https://dx.doi.org/10.3390/cancers15071923
https://dx.doi.org/10.1016/j.clbc.2024.06.001
https://dx.doi.org/10.1016/j.clbc.2023.08.001
https://dx.doi.org/10.1016/j.maturitas.2024.107949
https://dx.doi.org/10.1016/j.maturitas.2024.107949
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2017.0005?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886
https://dx.doi.org/10.1038/ni.2392
https://dx.doi.org/10.1038/nature12477
https://dx.doi.org/10.1056/NEJMoa1709030
https://dx.doi.org/10.1038/s41591-023-02583-2
https://dx.doi.org/10.1056/NEJMoa1802357
https://dx.doi.org/10.1056/NEJMoa1611299
https://dx.doi.org/10.1016/S1470-2045(22)00518-6
https://dx.doi.org/10.1016/S1470-2045(22)00518-6
https://dx.doi.org/10.1016/S0140-6736(21)02098-5
https://dx.doi.org/10.1016/S0140-6736(21)02098-5
https://dx.doi.org/10.1056/NEJMoa2034442
https://dx.doi.org/10.1056/NEJMoa2034442
https://dx.doi.org/10.1038/nrclinonc.2016.66
https://dx.doi.org/10.1038/nrclinonc.2016.66
https://dx.doi.org/10.1200/JCO.2011.41.0902
https://dx.doi.org/10.1200/JCO.2011.41.0902
https://dx.doi.org/10.1200/JCO.2011.39.5624
https://dx.doi.org/10.1158/1538-7445.AM2017-2986
https://dx.doi.org/10.1056/NEJMoa1809615
https://dx.doi.org/10.1016/j.annonc.2021.05.355
https://dx.doi.org/10.1016/j.annonc.2021.05.355
https://dx.doi.org/10.1016/S0140-6736(20)32531-9
https://dx.doi.org/10.1016/S0140-6736(20)32531-9
https://dx.doi.org/10.1056/NEJMoa2202809
https://dx.doi.org/10.1056/NEJMoa2202809
https://dx.doi.org/10.1200/JCO.19.02309
https://dx.doi.org/10.1200/JCO.19.02309
https://dx.doi.org/10.1200/JOP.777003
https://dx.doi.org/10.5858/arpa.2018-0902-SA
https://dx.doi.org/10.5858/arpa.2018-0902-SA
https://cran.r-project.org/package=rpact
https://www.R-project.org/
https://dx.doi.org/10.1007/978-3-319-32562-0
https://dx.doi.org/10.1016/S1470-2045(13)70335-8
https://dx.doi.org/10.1200/JCO.2015.60.9271
https://dx.doi.org/10.1200/JCO.2015.60.9271
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886


Group trial 22-00. J Clin Oncol. 2016;34(28):3400-
3408. doi:10.1200/JCO.2015.65.6595

33. Dmitrienko A, Bretz F, Westfall PH, et al.
Multiple testing methodology. In: Dmitrienko A,
Bretz F, Westfall PH. Multiple Testing Problems in
Pharmaceutical Statistics. Chapman and Hall/CRC;
2009.

34. Multiple endpoints in clinical trials: guidance
for industry—the fixed-sequence method 2022.
US Food and Drug Administration. Accessed
November 13, 2024. https://www.fda.gov/
regulatory-information/search-fda-guidance-
documents/multiple-endpoints-clinical-trials

35. DeMets DL, Lan KK. Interim analysis: the alpha
spending function approach. Stat Med. 1994;13
(13-14):1341-1352. doi:10.1002/sim.4780131308

36. Mittendorf EA, Zhang H, Barrios CH, et al.
Neoadjuvant atezolizumab in combination with
sequential nab-paclitaxel and anthracycline-based
chemotherapy versus placebo and chemotherapy
in patients with early-stage triple-negative breast
cancer (IMpassion031): a randomised,
double-blind, phase 3 trial. Lancet. 2020;396
(10257):1090-1100. doi:10.1016/S0140-6736(20)
31953-X

37. Schmid P, Cortes J, Pusztai L, et al;
KEYNOTE-522 Investigators. Pembrolizumab for
early triple-negative breast cancer. N Engl J Med.
2020;382(9):810-821. doi:10.1056/NEJMoa1910549

38. Schmid P, Cortes J, Dent R, et al; KEYNOTE-522
Investigators. Event-free survival with
pembrolizumab in early triple-negative breast
cancer. N Engl J Med. 2022;386(6):556-567. doi:10.
1056/NEJMoa2112651

39. Loibl S, Schneeweiss A, Huober J, et al; GBG
and AGO-B. Neoadjuvant durvalumab improves
survival in early triple-negative breast cancer
independent of pathological complete response.
Ann Oncol. 2022;33(11):1149-1158. doi:10.1016/j.
annonc.2022.07.1940

40. Sharma P, Stecklein SR, Yoder R, et al. Clinical
and biomarker findings of neoadjuvant
pembrolizumab and carboplatin plus docetaxel in
triple-negative breast cancer: NeoPACT phase 2

clinical trial. JAMA Oncol. 2024;10(2):227-235.
doi:10.1001/jamaoncol.2023.5033

41. Schmid P, Cortes J, Dent R, et al; KEYNOTE-522
Investigators. Overall survival with pembrolizumab
in early-stage triple-negative breast cancer. N Engl J
Med. 2024;391(21):1981-1991. doi:10.1056/
NEJMoa2409932

42. National Cancer Network NCC. NCCN clinical
practice guidelines in oncology. Breast cancer
version 2. March 11 2024. Accessed June 14, 2024.
https://www.nccn.org/professionals/physician_
gls/pdf/breast.pdf

43. Barrios CH, Harbeck N, Zhang HA, et al. Final
analysis of the placebo-controlled randomised
phase 3 IMpassion031 trial evaluating neoadjuvant
atezolizumab (atezo) plus chemotherapy (CT)
followed by open-label adjuvant atezo in patients
(pts) with early-stage triple-negative breast cancer
(eTNBC). Ann Oncol. 2023;8(1)(suppl):4. doi:10.
1016/j.esmoop.2023.101571

44. Gianni L, Huang C, Egle D, et al. Event-free
survival (EFS) analysis of neoadjuvant
taxane/carboplatin with or without atezolizumab
followed by an adjuvant anthracycline regimen in
high-risk triple negative breast cancer (TNBC):
NeoTRIP Michelangelo randomized study. Ann Oncol.
2023;34(S2):S1258-S1259. doi:10.1016/j.annonc.
2023.10.009

45. Gianni L, Huang CS, Egle D, et al. Pathologic
complete response (pCR) to neoadjuvant treatment
with or without atezolizumab in triple-negative,
early high-risk and locally advanced breast cancer:
NeoTRIP Michelangelo randomized study. Ann Oncol.
2022;33(5):534-543. doi:10.1016/j.annonc.2022.02.
004

46. Liu J, Blake SJ, Yong MC, et al. Improved
efficacy of neoadjuvant compared to adjuvant
immunotherapy to eradicate metastatic disease.
Cancer Discov. 2016;6(12):1382-1399. doi:10.1158/
2159-8290.CD-16-0577

47. Patel SP, Othus M, Chen Y, et al.
Neoadjuvant-adjuvant or adjuvant-only
pembrolizumab in advanced melanoma. N Engl J
Med. 2023;388(9):813-823. doi:10.1056/
NEJMoa2211437

48. Miles D, Gligorov J, André F, et al; IMpassion131
investigators. Primary results from IMpassion131,
a double-blind, placebo-controlled, randomised
phase III trial of first-line paclitaxel with or without
atezolizumab for unresectable locally
advanced/metastatic triple-negative breast cancer.
Ann Oncol. 2021;32(8):994-1004. doi:10.1016/j.
annonc.2021.05.801

49. Dent R, André F, Gonçalves A, et al.
IMpassion132 double-blind randomised phase III
trial of chemotherapy with or without atezolizumab
for early relapsing unresectable locally advanced or
metastatic triple-negative breast cancer. Ann Oncol.
2024;35(7):630-642. doi:10.1016/j.annonc.2024.04.
001

50. Loibl S, Jackisch C, Rastogi P, et al.
GeparDouze/NSABP B-59: a randomized
double-blind phase III clinical trial of neoadjuvant
chemotherapy with atezolizumab or placebo in
patients with triple negative breast cancer (TNBC)
followed by adjuvant atezolizumab or placebo. Ann
Oncol. 2019;30:iii38. doi:10.1093/annonc/
mdz097.014

51. Tausch C, Däster K, Hayoz S, et al. Trends in use
of neoadjuvant systemic therapy in patients with
clinically node-positive breast cancer in Europe:
prospective TAXIS study (OPBC-03, SAKK 23/16,
IBCSG 57-18, ABCSG-53, GBG 101). Breast Cancer
Res Treat. 2023;201(2):215-225. doi:10.1007/
s10549-023-06999-9

52. Hatzipanagiotou ME, Pigerl M, Gerken M, et al.
Does timing of neoadjuvant chemotherapy
influence the prognosis in patients with early triple
negative breast cancer? J Cancer Res Clin Oncol.
2023;149(13):11941-11950. doi:10.1007/s00432-023-
05060-y

53. Conte P, Dieci MV, Bisagni G, et al. A-BRAVE
trial: A phase III randomized trial with avelumab in
early triple-negative breast cancer with residual
disease after neoadjuvant chemotherapy or at high
risk after primary surgery and adjuvant
chemotherapy. J Clin Oncol. 2024;42(suppl 17):
LBA500. doi:10.1200/JCO.2024.42.17_suppl.LBA500

Adjuvant Atezolizumab for Triple-Negative Breast Cancer Original Investigation Research

jama.com (Reprinted) JAMA Published online January 30, 2025 E11

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Université Libre de Bruxelles user on 01/30/2025

https://dx.doi.org/10.1200/JCO.2015.65.6595
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials
https://dx.doi.org/10.1002/sim.4780131308
https://dx.doi.org/10.1016/S0140-6736(20)31953-X
https://dx.doi.org/10.1016/S0140-6736(20)31953-X
https://dx.doi.org/10.1056/NEJMoa1910549
https://dx.doi.org/10.1056/NEJMoa2112651
https://dx.doi.org/10.1056/NEJMoa2112651
https://dx.doi.org/10.1016/j.annonc.2022.07.1940
https://dx.doi.org/10.1016/j.annonc.2022.07.1940
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.5033?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886
https://dx.doi.org/10.1056/NEJMoa2409932
https://dx.doi.org/10.1056/NEJMoa2409932
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://dx.doi.org/10.1016/j.esmoop.2023.101571
https://dx.doi.org/10.1016/j.esmoop.2023.101571
https://dx.doi.org/10.1016/j.annonc.2023.10.009
https://dx.doi.org/10.1016/j.annonc.2023.10.009
https://dx.doi.org/10.1016/j.annonc.2022.02.004
https://dx.doi.org/10.1016/j.annonc.2022.02.004
https://dx.doi.org/10.1158/2159-8290.CD-16-0577
https://dx.doi.org/10.1158/2159-8290.CD-16-0577
https://dx.doi.org/10.1056/NEJMoa2211437
https://dx.doi.org/10.1056/NEJMoa2211437
https://dx.doi.org/10.1016/j.annonc.2021.05.801
https://dx.doi.org/10.1016/j.annonc.2021.05.801
https://dx.doi.org/10.1016/j.annonc.2024.04.001
https://dx.doi.org/10.1016/j.annonc.2024.04.001
https://dx.doi.org/10.1093/annonc/mdz097.014
https://dx.doi.org/10.1093/annonc/mdz097.014
https://dx.doi.org/10.1007/s10549-023-06999-9
https://dx.doi.org/10.1007/s10549-023-06999-9
https://dx.doi.org/10.1007/s00432-023-05060-y
https://dx.doi.org/10.1007/s00432-023-05060-y
https://dx.doi.org/10.1200/JCO.2024.42.17_suppl.LBA500
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2024.26886

