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BACKGROUND
Previous trials showed promising antitumor activity and an acceptable safety profile 
associated with pembrolizumab in patients with early triple-negative breast cancer. 
Whether the addition of pembrolizumab to neoadjuvant chemotherapy would sig-
nificantly increase the percentage of patients with early triple-negative breast cancer 
who have a pathological complete response (defined as no invasive cancer in the 
breast and negative nodes) at definitive surgery is unclear.
METHODS
In this phase 3 trial, we randomly assigned (in a 2:1 ratio) patients with previously 
untreated stage II or stage III triple-negative breast cancer to receive neoadjuvant 
therapy with four cycles of pembrolizumab (at a dose of 200 mg) every 3 weeks 
plus paclitaxel and carboplatin (784 patients; the pembrolizumab–chemotherapy 
group) or placebo every 3 weeks plus paclitaxel and carboplatin (390 patients; the 
placebo–chemotherapy group); the two groups then received an additional four 
cycles of pembrolizumab or placebo, and both groups received doxorubicin–cyclo-
phosphamide or epirubicin–cyclophosphamide. After definitive surgery, the patients 
received adjuvant pembrolizumab or placebo every 3 weeks for up to nine cycles. 
The primary end points were a pathological complete response at the time of de-
finitive surgery and event-free survival in the intention-to-treat population.
RESULTS
At the first interim analysis, among the first 602 patients who underwent random-
ization, the percentage of patients with a pathological complete response was 64.8% 
(95% confidence interval [CI], 59.9 to 69.5) in the pembrolizumab–chemotherapy 
group and 51.2% (95% CI, 44.1 to 58.3) in the placebo–chemotherapy group (esti-
mated treatment difference, 13.6 percentage points; 95% CI, 5.4 to 21.8; P<0.001). 
After a median follow-up of 15.5 months (range, 2.7 to 25.0), 58 of 784 patients 
(7.4%) in the pembrolizumab–chemotherapy group and 46 of 390 patients (11.8%) 
in the placebo–chemotherapy group had disease progression that precluded definitive 
surgery, had local or distant recurrence or a second primary tumor, or died from 
any cause (hazard ratio, 0.63; 95% CI, 0.43 to 0.93). Across all treatment phases, the 
incidence of treatment-related adverse events of grade 3 or higher was 78.0% in the 
pembrolizumab–chemotherapy group and 73.0% in the placebo–chemotherapy 
group, including death in 0.4% (3 patients) and 0.3% (1 patient), respectively.
CONCLUSIONS
Among patients with early triple-negative breast cancer, the percentage with a 
pathological complete response was significantly higher among those who received 
pembrolizumab plus neoadjuvant chemotherapy than among those who received 
placebo plus neoadjuvant chemotherapy. (Funded by Merck Sharp & Dohme [a sub-
sidiary of Merck]; KEYNOTE-522 ClinicalTrials.gov number, NCT03036488.)
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High-risk early triple-negative 
breast cancer is frequently associated with 
early recurrence and high mortality.1 Neo-

adjuvant chemotherapy is the preferred treatment 
approach.2-4 In addition to potentially increasing 
the likelihood of tumor resectability and breast 
conservation, patients who have a pathological 
complete response after neoadjuvant therapy have 
longer event-free survival (defined as the time from 
randomization to the date of disease progression 
that precluded definitive surgery, the date of local 
or distant recurrence or the occurrence of a second 
primary tumor, or the date of death from any 
cause) and overall survival.5-8 Accordingly, regula-
tory guidance supports the use of the pathological 
complete response as an end point for clinical 
testing of neoadjuvant treatment in patients with 
early triple-negative breast cancer.9,10

Pembrolizumab (Keytruda, Merck Sharp & 
Dohme), an anti–programmed death 1 (PD-1) 
monoclonal antibody, has been shown to have 
antitumor activity and a range of mainly low-
grade toxic effects in patients with metastatic tri-
ple-negative breast cancer, especially when used as 
first-line treatment.11-13 Immune checkpoint inhi-
bition may enhance endogenous anticancer im-
munity after increased release of tumor-specific 
antigens with chemotherapy.14 Preliminary results 
from the phase 1b KEYNOTE-173 trial showed 
that pembrolizumab plus neoadjuvant chemo-
therapy, with or without carboplatin, had promis-
ing antitumor activity without a major increase in 
serious toxic effects in patients with locally ad-
vanced triple-negative breast cancer.15 In the phase 
2 I-SPY2 trial, the estimated percentage of patients 
with human epidermal growth factor receptor 2 
(HER2)–negative breast cancers who had a patho-
logical complete response was higher among 
those who received pembrolizumab combined 
with neoadjuvant chemotherapy than among those 
who received neoadjuvant chemotherapy alone.16 
We conducted the phase 3 KEYNOTE-522 trial to 
evaluate the efficacy and safety of neoadjuvant 
pembrolizumab–chemotherapy as compared with 
neoadjuvant placebo–chemotherapy, followed by 
adjuvant pembrolizumab or placebo in patients 
with early triple-negative breast cancer.

Me thods

Patients

Patients were eligible for enrollment if they were 
at least 18 years of age and had centrally con-

firmed triple-negative breast cancer in all foci (as 
defined by the guidelines of the American Society 
of Clinical Oncology–College of American Patholo-
gists)17-19; newly diagnosed, previously untreated, 
nonmetastatic disease (tumor stage T1c, nodal 
stage N1-2, or tumor stage T2-4, nodal stage N0-2, 
according to the primary tumor–regional lymph 
node staging criteria of the American Joint Com-
mittee on Cancer, 7th edition),20 as determined by 
the investigator in radiologic assessment, clinical 
assessment, or both; an Eastern Cooperative On-
cology Group performance-status score21 of 0 or 
1 (on a 5-point scale, with higher numbers indi-
cating greater disability); and adequate organ func-
tion. Patients with bilateral or multifocal primary 
tumors and inflammatory breast cancers were 
eligible for enrollment.

Exclusion criteria included active autoimmune 
disease for which the patient had received sys-
temic treatment within the previous 2 years, a 
diagnosis of immunodeficiency or use of immu-
nosuppressive therapy within the previous week, 
a history of human immunodeficiency virus in-
fection, a history of noninfectious pneumonitis 
for which the patient had received glucocorticoids, 
current pneumonitis, active tuberculosis, active 
hepatitis B virus or hepatitis C virus infection, 
any active infection for which the patient was re-
ceiving systemic therapy, and clinically significant 
cardiovascular disease. Full eligibility criteria 
are listed in the trial protocol, available with the 
full text of this article at NEJM.org.

Trial Design and Treatment

In this randomized, double-blind trial, patients 
received treatment in a neoadjuvant phase and 
an adjuvant phase; no crossover was permitted 
between the phases. Randomization was per-
formed with the use of a central interactive 
voice-response system with an integrated Web-
response system. Patients were stratified before 
randomization according to nodal status (posi-
tive or negative), tumor size (T1 to T2 or T3 to 
T4), and schedule of carboplatin administration 
(once weekly or every 3 weeks).

Patients were randomly assigned, in a 2:1 ra-
tio, to receive either pembrolizumab or placebo. 
In the neoadjuvant phase, they received four cy-
cles of an intravenous infusion of pembrolizumab 
(200 mg) or placebo once every 3 weeks plus pac-
litaxel (80 mg per square meter of body-surface 
area once weekly) plus carboplatin (at a dose based 
on an area under the concentration–time curve of 
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5 mg per milliliter per minute once every 3 weeks 
or 1.5 mg per milliliter per minute once weekly 
in the first 12 weeks) (first neoadjuvant treat-
ment), followed by four cycles of pembrolizumab 
or placebo plus doxorubicin (60 mg per square 
meter) or epirubicin (90 mg per square meter) 
plus cyclophosphamide (600 mg per square meter 
once every 3 weeks in the subsequent 12 weeks) 
(second neoadjuvant treatment).

Patients who either completed or discontin-
ued the first neoadjuvant treatment could start 
the second neoadjuvant treatment or undergo sur-
gery, and those who completed or discontinued the 
second neoadjuvant treatment could undergo sur-
gery. Patients underwent definitive surgery (breast 
conservation or mastectomy with sentinel lymph-
node evaluation or axillary dissection) 3 to 6 weeks 
after the last cycle of the neoadjuvant phase. In 
the adjuvant phase, patients received radiation 
therapy as indicated and pembrolizumab or pla-
cebo once every 3 weeks for up to nine cycles. 
Adjuvant capecitabine was not allowed according 
to the protocol. Trial treatment was discontin-
ued in patients with disease progression or re-
currence or unacceptable toxic effects.

Assessments

After the patients completed neoadjuvant thera-
py, the pathological complete response was as-
sessed according to definitions of the patho-
logical stages (postneoadjuvant, abbreviated yp) 
ypT0/Tis ypN0, ypT0 ypN0, and ypT0/Tis (Table 
S1 in the Supplementary Appendix, available at 
NEJM.org), as determined by a local pathologist 
who was unaware of the trial-group assignments. 
Event-free survival, which was defined as the 
time from randomization to disease progression 
that precludes definitive surgery, local or distant 
recurrence, a second primary cancer, or death 
from any cause, whichever occurred first, was 
determined by an investigator who was unaware 
of the trial-group assignments.

PD-L1 expression in archival or newly ob-
tained formalin-fixed tumor samples was as-
sessed at a central laboratory by means of the 
PD-L1 IHC 22C3 pharmDx assay (Agilent Tech-
nologies). Expression was characterized accord-
ing to the combined positive score, defined as 
the number of PD-L1–positive cells (tumor cells, 
lymphocytes, and macrophages) divided by the 
total number of tumor cells multiplied by 100; 
specimens with a combined positive score of 1 or 

greater were considered PD-L1–positive. Patients 
were eligible for the trial regardless of PD-L1 
status.

Adverse events were monitored throughout the 
trial and for 30 days after discontinuation of treat-
ment (90 days for serious adverse events) and 
graded according to the Common Terminology 
Criteria for Adverse Events, version 4.0, of the 
National Cancer Institute.22 Immune-related ad-
verse events were determined from a prespecified 
list of terms from the Medical Dictionary for Regula-
tory Activities (MedDRA),23 which was updated with 
each new version of MedDRA. Long-term follow-
up for disease status and survival was scheduled 
every 3 months for the first 2 years after random-
ization, then every 6 months for years 3 to 5, and 
then annually for years 6 to 8.

End Points

The two primary end points were a pathological 
complete response, defined as pathological stage 
ypT0/Tis ypN0 at the time of definitive surgery, 
and event-free survival in the intention-to-treat 
population. Secondary end points included a 
pathological complete response, defined as ypT0 
ypN0 and ypT0/Tis in all patients, a pathological 
complete response according to all definitions 
in patients with PD-L1–positive tumors, event-
free survival among patients with PD-L1–positive 
tumors, and overall survival among all patients 
and patients with PD-L1–positive tumors. Safety 
during the neoadjuvant and adjuvant phases was 
evaluated in all patients who received at least one 
trial drug, underwent surgery, or both.

Trial Oversight

This trial was developed by a scientific advisory 
committee and employees of the sponsor (Merck 
Sharp & Dohme, a subsidiary of Merck [in Kenil-
worth, New Jersey]). An external, independent data 
monitoring committee oversaw the trial, peri-
odically assessed safety, and assessed efficacy at 
prespecified interim analyses. The trial protocol 
and all amendments were approved by the ap-
propriate ethics body at each participating institu-
tion. All the patients provided written informed 
consent before enrollment.

All the authors attest that the trial was con-
ducted in accordance with the protocol and its 
amendments and with the standards of Good 
Clinical Practice. All the authors had access to 
the data used to prepare the manuscript and par-
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ticipated in the writing or critical review and 
editing of the manuscript. The first draft of the 
manuscript was written by the first author with 
editorial assistance provided by a medical writer 
employed by the sponsor. All the authors approved 
the submitted draft and vouch for the accuracy 
and completeness of the data reported and the 
fidelity of the trial to the protocol.

Statistical Analysis

Efficacy was assessed in the intention-to-treat 
population, which included all the patients who 
had undergone randomization. Safety was as-
sessed in the as-treated population, which included 
all patients who had undergone randomization 
and received at least one trial drug, underwent 
surgery, or both. The stratified method of Miet-
tinen and Nurminen,24 with weights proportional 
to the stratum size, was used to compare between-
group differences in the percentages of patients 
with a pathological complete response. Patients 
for whom no results with respect to pathological 
complete response were available because of dis-
continuation of trial treatment or missing data 
were considered not to have had a response.

The Kaplan–Meier method was used to esti-
mate event-free survival. The treatment differ-
ence in event-free survival was assessed with the 
use of the stratified log-rank test for all patients 
and patients with PD-L1–positive tumors; hazard 
ratios and associated 95% confidence intervals 
were analyzed with the use of a stratified Cox 
proportional-hazards model and Efron’s method 
of handling ties to assess the magnitude of the 
treatment difference. The 95% confidence inter-
vals associated with the between-group differ-
ences in the percentages of patients with a 
pathological complete response and event-free 
survival were not adjusted for multiple compari-
sons and hence cannot be used to infer effects. 
The stratification factors used at randomization 
were used in all stratified analyses.

The graphical method of Maurer and Bretz was 
used to strictly control the type I error rate at a 
one-sided alpha level of 0.025 across both primary 
end points and all interim and final analyses (Sta-
tistical Methods section in the Supplementary Ap-
pendix).25 The Lan–DeMets O’Brien–Fleming spend-
ing function was used to control the type I error 
in the interim and final analyses. The primary 
objective of the first interim analysis was to 
evaluate the superiority of pembrolizumab–che-

motherapy over placebo–chemotherapy with re-
spect to the percentage of patients with a patho-
logical complete response (stage ypT0/Tis, ypN0); 
this analysis was to occur after enrollment was 
completed and at least 500 patients would have 
had definitive surgery after 6 months of neoad-
juvant therapy. The second interim analysis was 
the first event-free survival assessment and was 
to occur approximately 24 months after the first 
patient underwent randomization (approximate-
ly 93 events were anticipated).

We estimated that with enrollment of approxi-
mately 1000 patients, the trial would have 95% 
power to detect a true difference in the percent-
age of patients with a pathological complete re-
sponse (stage ypT0/Tis ypN0) of 15 percentage 
points for the comparison of the pembrolizumab–
chemotherapy group with the placebo–chemo-
therapy group, at a one-sided alpha level of 0.005. 
We estimated that with enrollment of approxi-
mately 1150 patients, the trial would have 80% 
power to detect a hazard ratio for disease progres-
sion (precluding definitive surgery), local or distant 
recurrence or a second primary tumor, or death 
from any cause of 0.71, at a one-sided alpha level 
of 0.02 at the final analysis. The full statistical 
analysis plan is provided in the protocol.

R esult s

Patients and Treatment

From March 2017 through September 2018, a 
total of 1174 patients from 181 sites (plus 2 sat-
ellite sites) in 21 countries were randomly as-
signed to the pembrolizumab–chemotherapy 
group (784 patients) or the placebo–chemother-
apy group (390 patients) (Fig. S1). The baseline 
demographic and disease characteristics were as 
expected and were well balanced between the 
two groups (Table 1 and Tables S2 and S3).

At the second interim analysis (data cutoff, 
April 24, 2019; median duration of follow-up, 
15.5 months [range, 2.7 to 25.0]), 1167 patients 
had received the first neoadjuvant treatment, 1095 
patients had received the second neoadjuvant 
treatment, 1138 patients had undergone known 
definitive surgery, and 861 patients had received 
adjuvant treatment. The median duration of treat-
ment exposure was 51.1 weeks (range, 0.1 to 88.4) 
in the pembrolizumab–chemotherapy group and 
54.1 weeks (range, 0.1 to 79.3) in the placebo–
chemotherapy group (Table S4). The median num-
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Pembrolizumab– 
Chemotherapy 

(N = 784)

Placebo– 
Chemotherapy 

(N = 390)

Age

Median (range) — yr 49 (22–80) 48 (24–79)

<65 yr — no. (%) 701 (89.4) 342 (87.7)

Menopausal status — no. (%)

Premenopausal 438 (55.9) 221 (56.7)

Postmenopausal 345 (44.0) 169 (43.3)

PD-L1 status — no. (%)†

Positive 656 (83.7) 317 (81.3)

Negative 127 (16.2) 69 (17.7)

ECOG performance-status score — no. (%)‡

0 678 (86.5) 341 (87.4)

1 106 (13.5) 49 (12.6)

Lactase dehydrogenase level — no. (%)

≤ULN 631 (80.5) 309 (79.2)

>ULN 149 (19.0) 80 (20.5)

Administration of carboplatin — no. (%)

Every 3 wk 335 (42.7) 167 (42.8)

Weekly 449 (57.3) 223 (57.2)

Primary tumor classification — no. (%)

T1 to T2 580 (74.0) 290 (74.4)

T3 to T4 204 (26.0) 100 (25.6)

Nodal involvement — no. (%)

Positive 405 (51.7) 200 (51.3)

Negative 379 (48.3) 190 (48.7)

Overall disease stage — no. (%)

Stage II 590 (75.3) 291 (74.6)

Stage III 194 (24.7) 98 (25.1)

HER2 status score — no. (%)§

0–1 595 (75.9) 286 (73.3)

2+ 188 (24.0) 104 (26.7)

*  Data shown are for the intention-to-treat population. Percentages may not total 100 because of rounding and missing 
data. ULN denotes upper limit of normal range.

†  Programmed death ligand 1 (PD-L1) positivity was defined as a combined positive score of 1 or greater. The PD-L1 
combined positive score was defined as the number of PD-L1–positive cells (tumor cells, lymphocytes, and macro-
phages) divided by the total number of tumor cells multiplied by 100.

‡  Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with 0 indicating no symp-
toms and higher scores indicating greater disability.

§  Tumors with human epidermal growth factor receptor 2 (HER2) expression of 0 or 1 according to immunohistochemi-
cal analysis were negative. All tumors with HER2 expression of 2+ according to immunohistochemical analysis were 
negative for HER2 amplification on in situ hybridization.
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bers of doses of chemotherapy administered were 
similar in both treatment groups.

Efficacy

At the primary analysis of pathological complete 
response (data cutoff, September 24, 2018), 
among the first 602 patients who underwent 
randomization, 64.8% (260 of 401 patients) in 
the pembrolizumab–chemotherapy group and 
51.2% (103 of 201 patients) in the placebo–che-
motherapy group had a complete response 
(pathological stage ypT0/Tis ypN0) (estimated 
treatment difference, 13.6 percentage points 
[95% CI, 5.4 to 21.8]; P<0.001) (Table 2). Accord-
ing to the prespecified statistical criterion of 
P = 0.003 at the interim analysis, the percentage 
of patients with a pathological complete response 
was significantly higher among those who re-
ceived pembrolizumab–chemotherapy than among 
those who received placebo–chemotherapy. Con-
sistent results were observed with respect to the 
percentage of patients with a pathological com-
plete response defined as secondary end points 

of ypT0 ypN0 and ypT0/Tis (Table 2). The bene-
fits of pembrolizumab–chemotherapy with respect 
to pathological complete response were generally 
consistent across subgroups, including PD-L1–
expression subgroups (Fig. 1). The percentages 
of patients with a pathological complete response 
(stage ypT0/Tis ypN0) were 68.9% (230 of 334 
patients) among those who received pembrolizu-
mab–chemotherapy and 54.9% (90 of 164 patients) 
among those who received placebo–chemothera-
py in the PD-L1–positive population and 45.3% 
(29 of 64 patients) among those who received 
pembrolizumab–chemotherapy and 30.3% (10 of 
33 patients) among those who received placebo–
chemotherapy in the PD-L1–negative population.

With 104 events (of 327 expected at the final 
analysis), Kaplan–Meier estimates of the per-
centage of patients at 18 months who were alive 
without disease progression that precluded de-
finitive surgery, without local or distant recur-
rence, and without a second primary tumor were 
91.3% (95% CI, 88.8 to 93.3) in the pembroliz-
umab–chemotherapy group and 85.3% (95% CI, 

Table 2. Pathological Complete Response, According to Pathological Stage.*

Variable

Pembrolizumab– 
Chemotherapy 

(N = 401)

Placebo– 
Chemotherapy 

(N = 201)
Estimated Treatment 

Difference† P Value

percentage points (95% CI)

Pathological stage ypT0/Tis ypN0

No. of patients 260 103

Percentage of patients with 
 response (95% CI)

64.8 (59.9–69.5) 51.2 (44.1–58.3) 13.6 (5.4–21.8) P<0.001

Pathological stage ypT0 ypN0

No. of patients 240 91

Percentage of patients with 
 response (95% CI)

59.9 (54.9–64.7) 45.3 (38.3–52.4) 14.5 (6.2–22.7)

Pathological stage ypT0/Tis

No. of patients 275 108

Percentage of patients with 
 response (95% CI)

68.6 (63.8–73.1) 53.7 (46.6–60.8) 14.8 (6.8–23.0)

*  Patients were considered to have not had a response if they did not receive trial medication, discontinued trial treatment and continued 
neoadjuvant treatment with drugs in categories not specified by the trial before definitive surgery (regardless of the surgical outcome), dis-
continued trial treatment for reasons that precluded definitive surgery, or had missing data with respect to pathological complete response 
for any reason. According to the current staging criteria of the American Joint Committee on Cancer and assessment by the local patholo-
gist at the time of definitive surgery after completion of neoadjuvant systemic therapy, patients with pathological stage ypT0/Tis ypN0 have 
no residual invasive cancer in the complete resected breast specimen and all sampled regional lymph nodes, those with stage ypT0 ypN0 
have no residual invasive and in situ cancer in the complete resected breast specimen and all sampled regional lymph nodes, and those 
with stage ypT0/Tis have no invasive cancer in the breast, irrespective of ductal carcinoma in situ or nodal involvement. CI denotes confi-
dence interval.

†  The estimated treatment difference is based on the Miettinen and Nurminen method, stratified according to nodal status (positive or nega-
tive), tumor size (T1 to T2 or T3 to T4), and administration of carboplatin (once weekly or once every 3 weeks).
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80.3 to 89.1) in the placebo–chemotherapy group; 
the median was not reached in either group. The 
hazard ratio for disease progression (precluding 
definitive surgery), local or distant recurrence or 
a second primary tumor, or death from any 
cause favored the pembrolizumab–chemothera-
py group (hazard ratio, 0.63; 95% CI, 0.43 to 
0.93) (Fig. 2). The most common event was dis-
tant recurrence (Table S5).

Safety

In the neoadjuvant phase, adverse events of any 
grade that were considered by the investigators to 
be related to the trial treatment occurred in 99.0% 
of the 781 patients in the pembrolizumab–chemo-
therapy group and 99.7% of the 389 patients in the 
placebo–chemotherapy group (Table 3). These 
treatment-related adverse events were grade 3 or 

higher in 76.8% and 72.2% of the patients, re-
spectively. Serious treatment-related adverse 
events occurred in 32.5% of the patients in the 
pembrolizumab–chemotherapy group and 19.5% 
of the patients in the placebo–chemotherapy 
group, with febrile neutropenia (14.6% and 
12.1%, respectively), anemia (2.6% and 2.1%, 
respectively), and pyrexia (2.6% and 0.3%, re-
spectively) being the most common. Treatment-
related adverse events led to discontinuation of 
any trial drug in 23.3% of the patients in the 
pembrolizumab–chemotherapy group and 12.3% 
of the patients in the placebo–chemotherapy 
group (Table S6). Adverse events of interest oc-
curred in 38.9% of the patients in the pembroliz-
umab–chemotherapy group and 18.3% of patients 
in the placebo–chemotherapy group; events of 
grade 3 or higher occurred in 12.9% and 1.8% of 

Figure 1. Subgroup Analysis of Difference in Percentages of Patients with a Pathological Complete Response  
(Stage ypT0/Tis ypN0).

An analysis of pathological complete response in key subgroups is shown. For the overall population and the pro-
grammed death ligand 1 (PD-L1) subgroups, the analysis is based on the Miettinen and Nurminen method strati-
fied according to nodal status (positive or negative), tumor size (T1 [diameter >1.0 cm to 2.0 cm] to T2 [diameter 
>2.0 cm to 5.0 cm] or T3 [diameter >5.0 cm] to T4 [locally advanced disease]), and frequency of carboplatin adminis-
tration (once weekly or once every 3 weeks). For the other subgroups, the analysis is based on the unstratified Miet-
tinen and Nurminen method. Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 
0 to 5, with higher scores indicating greater disability.
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20.6 (8.9 to 31.9)

  6.3 (–5.3 to 18.2)

13.8 (4.3 to 23.3)

13.5 (–3.1 to 28.8)

  7.7 (–5.0 to 20.6)

18.4 (7.4 to 29.1)

14.2 (5.3 to 23.1)

18.3 (–3.3 to 36.8)

12.2 (3.4 to 21.0)

22.3 (–2.1 to 43.5)

16.4 (7.3 to 25.4)

–2.6 (–22.1 to 18.9)

−30

260/401 (64.8)

136/210 (64.8)

124/191 (64.9)

207/295 (70.2)

  53/106 (50.0)

105/165 (63.6)

154/231 (66.7)

230/334 (68.9)

29/64 (45.3)

235/355 (66.2)

25/46 (54.3)

215/328 (65.5)

45/73 (61.6)

103/201 (51.2)

  45/102 (44.1)

58/99 (58.6)

  84/149 (56.4)

19/52 (36.5)

47/84 (56.0)

  56/116 (48.3)

  90/164 (54.9)

10/33 (30.3)

  95/176 (54.0)

  8/25 (32.0)

  

85/173 (49.1)

18/28 (64.3)

no. of patients with response/no. of patients (%)

Difference in Pathological
Complete Response (95% CI)

percentage points
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the patients, respectively. The only adverse events 
of interest of grade 3 or higher that occurred in 
10 or more patients were severe skin reactions 
(in 3.8% of the patients), infusion reactions (in 
2.6%), and adrenal insufficiency (in 1.3%) in the 
pembrolizumab–chemotherapy group (Table 3 and 
Table S7).

Most treatment-related adverse events and 
adverse events of interest occurred during the 
neoadjuvant phase. In the adjuvant phase, treat-
ment-related adverse events occurred in 48.1% of 
the 547 patients in the pembrolizumab–chemo-
therapy group and in 43.0% of the 314 patients 
in the placebo-chemotherapy group (Table S8). 
Across both phases, treatment-related adverse 
events led to death in 3 patients (0.4%) in the pem-
brolizumab–chemotherapy group (1 from pulmo-
nary embolism, 1 from sepsis and multiple organ 
dysfunction syndrome, and 1 from pneumonitis) 
and 1 patient (0.3%) in the placebo–chemotherapy 
group (septic shock).

Discussion

In this randomized phase 3 trial involving patients 
with previously untreated, early triple-negative 
breast cancer, a significantly higher percentage of 

patients in the pembrolizumab–chemotherapy 
group than in the placebo–chemotherapy group 
had a pathological complete response at the 
time of definitive surgery. The benefit of pem-
brolizumab–chemotherapy with respect to patho-
logical complete response was generally consistent 
across subgroups, including PD-L1–expression 
subgroups. This finding differs from the results 
of the IMpassion130 trial, which showed effi-
cacy of a PD-L1 inhibitor only in patients with 
PD-L1–positive metastatic triple-negative breast 
cancer26,27; the inconsistent results may be relat-
ed to the different drugs or inhibition pathways, 
disease stages (early rather than late), PD-L1 as-
says, or all of these factors. Analyses of molecu-
lar biomarkers that might predict a clinical re-
sponse to pembrolizumab are ongoing in our 
trial. The percentage of patients with a pathologi-
cal complete response in the placebo–chemo-
therapy group was consistent with percentages 
reported in other studies of platinum-containing 
neoadjuvant regimens in patients with early 
breast cancer.28,29

The present results are consistent with find-
ings from previous studies of neoadjuvant pem-
brolizumab for the treatment of triple-negative 
breast cancer. In the phase 1b KEYNOTE-173 

Figure 2. Kaplan–Meier Estimates of Event-free Survival, According to Trial Group in the Intention-to-Treat Population.

Tick marks indicate data censored at the last time the patient was known to be alive and without an event (disease 
progression that precludes definitive surgery; local or distant recurrence or a second primary tumor; or death from 
any cause). The hazard ratio and confidence interval were analyzed with the use of a Cox regression model with 
treatment as a covariate stratified according to the randomization stratification factors of nodal status (positive or 
negative), tumor size (T1 to T2 or T3 to T4), and frequency of carboplatin administration (once weekly or once every 
3 weeks).
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study of neoadjuvant pembrolizumab plus che-
motherapy, with or without carboplatin, for lo-
cally advanced triple-negative breast cancer, the 
percentage of patients with a pathological com-
plete response was 60% (90% CI, 30 to 85).15 In 
the phase 2 I-SPY2 trial of pembrolizumab with 
non–platinum-based neoadjuvant chemotherapy, 
among patients with hormone receptor–positive, 
HER2–negative breast cancer, the estimated per-
centage with a pathological complete response 
was 21 percentage points higher in the pembro-
lizumab–chemotherapy group than in the che-

motherapy group, and among patients with triple-
negative breast cancer, the estimated percentage 
of patients with a pathological complete response 
was 40 percentage points higher in the pembroliz-
umab–chemotherapy group than in the chemo-
therapy group.16 Of note, a similar benefit was not 
observed with the addition of the poly(adenosine 
diphosphate [ADP]–ribose) polymerase (PARP) 
inhibitor veliparib to standard neoadjuvant che-
motherapy in patients with triple-negative breast 
cancer.30 Taken together, these results suggest 
that immune checkpoint inhibitors added to 

Table 3. Adverse Events during the Neoadjuvant Phase at the Second Interim Analysis.*

Event
Pembrolizumab–Chemotherapy 

 (N = 781)
Placebo–Chemotherapy 

 (N = 389)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Any adverse event 777 (99.5) 633 (81.0) 389 (100.0) 295 (75.8)

Treatment-related adverse event† 773 (99.0) 600 (76.8) 388 (99.7) 281 (72.2)

Nausea 490 (62.7) 26 (3.3) 246 (63.2) 5 (1.3)

Alopecia 471 (60.3) 14 (1.8) 220 (56.6) 8 (2.1)

Anemia 430 (55.1) 142 (18.2) 215 (55.3) 58 (14.9)

Neutropenia 365 (46.7) 270 (34.6) 183 (47.0) 129 (33.2)

Fatigue 321 (41.1) 27 (3.5) 147 (37.8) 6 (1.5)

Diarrhea 230 (29.4) 17 (2.2) 92 (23.7) 5 (1.3)

Elevated alanine aminotransferase level 199 (25.5) 41 (5.2) 96 (24.7) 9 (2.3)

Vomiting 199 (25.5) 18 (2.3) 85 (21.9) 6 (1.5)

Asthenia 191 (24.5) 25 (3.2) 99 (25.4) 9 (2.3)

Constipation 185 (23.7) 0 82 (21.1) 0

Decreased neutrophil count 185 (23.7) 146 (18.7) 112 (28.8) 90 (23.1)

Rash 170 (21.8) 7 (0.9) 59 (15.2) 1 (0.3)

Peripheral neuropathy 154 (19.7) 15 (1.9) 82 (21.1) 4 (1.0)

Adverse event of interest‡ 304 (38.9) 101 (12.9) 71 (18.3) 7 (1.8)

Infusion reaction 132 (16.9) 20 (2.6) 43 (11.1) 4 (1.0)

Hypothyroidism 107 (13.7) 3 (0.4) 13 (3.3) 0

Hyperthyroidism 36 (4.6) 2 (0.3) 4 (1.0) 0

Severe skin reaction 34 (4.4) 30 (3.8) 4 (1.0) 1 (0.3)

Adrenal insufficiency 18 (2.3) 10 (1.3) 0 0

*  Listed are all adverse events that occurred during the trial period or within 30 days after the trial period (within 90 days for serious events). 
The events are listed in descending order of frequency in the pembrolizumab–chemotherapy group. The as-treated population included all 
the patients who had undergone randomization and received at least one trial treatment. The severity of adverse events was graded accord-
ing to the Common Terminology Criteria for Adverse Events, version 4.0, of the National Cancer Institute.

†  Treatment-related adverse events were events that were attributed to a trial treatment by the investigators. Treatment-related adverse 
events that occurred in at least 20% of the patients or those that were considered by the investigators to be medically relevant are reported. 
Patients may have had more than one event.

‡  Adverse events of interest were determined according to a list of terms specified by the sponsor, regardless of attribution to any trial treat-
ment by the investigators. Adverse events of interest that occurred in at least 15 patients are reported.
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neoadjuvant chemotherapy may increase the per-
centage of patients with triple-negative breast 
cancer who have a pathological complete re-
sponse.

In the present trial, which used a standard 
neoadjuvant chemotherapy backbone with an-
thracycline, taxane, and platinum, the follow-up 
period was not long enough to show longer 
event-free survival in the pembrolizumab–che-
motherapy group than in the placebo–chemo-
therapy group. However, other studies suggest a 
sustained clinical benefit in patients with triple-
negative breast cancer who have a pathological 
complete response after neoadjuvant chemo-
therapy.5-8,31,32 A large, pooled meta-analysis of 
individual patient data showed a strong associa-
tion of pathological complete response (defined 
in the meta-analysis as no tumor in either breast 
or lymph nodes [stage ypT0 ypN0 or ypT0/Tis yp 
N0]) after neoadjuvant chemotherapy with an 
improved long-term benefit with respect to 
event-free and overall survival.5 This association 
was strongest in patients with triple-negative 
breast cancer, with a hazard ratio for disease 
progression (precluding definitive surgery), local 
or distant recurrence, or death from any cause of 
0.24 and a hazard ratio for death of 0.16 in favor 
of patients with a pathological complete re-
sponse as compared with patients without a 
pathological complete response.

Adverse events observed in the pembroliz-
umab–chemotherapy group were generally con-
sistent with the known safety profiles of plati-
num-containing neoadjuvant chemotherapy for 
patients with early triple-negative breast cancer 
and with the known safety profiles of pembroliz-
umab monotherapy. The addition of pembroliz-
umab did not increase chemotherapy-related 
toxic effects such as myelosuppression, nausea 
and vomiting, renal insufficiency, and neuropa-
thy. The most common adverse events of grade 
3 or higher in both treatment groups (neutrope-
nia, anemia, decreased neutrophil count, and 
febrile neutropenia) were consistent with the 
toxic effects typically observed with platinum-
based chemotherapy.33,34 The incidence of serious 
treatment-related adverse events was higher in 
the pembrolizumab–chemotherapy group than 
in the placebo–chemotherapy group. However, 
this did not hamper the ability to administer 
neoadjuvant chemotherapy, which is important, 
since administration of fewer doses of neoadju-

vant chemotherapy than planned is associated 
with worse long-term outcomes.7 The incidence 
of adverse events of interest was higher in the 
pembrolizumab–chemotherapy group than in 
the placebo–chemotherapy group; this incidence 
was primarily driven by infusion reactions and 
severe skin reactions, reflecting the contribution 
of both pembrolizumab and neoadjuvant chemo-
therapy. The severity and outcome of these reac-
tions were consistent with those previously re-
ported for pembrolizumab monotherapy and the 
neoadjuvant chemotherapy regimens. As report-
ed previously,35 immune-mediated adverse events 
of the endocrine system may be irreversible and, 
in addition to early treatment with immunosup-
pressive agents, may also lead to the long-term 
use of hormone-replacement therapy.

In the KEYNOTE-522 trial, we evaluated the 
effect of neoadjuvant treatment on pathological 
complete response at the time of definitive sur-
gery as well as the effect of both neoadjuvant 
and adjuvant treatments on survival in a single 
patient population, eliminating delays and the 
use of resources associated with the typical mul-
tistudy model (e.g., a study of only pathological 
complete response and a confirmatory study of 
survival). A key strength of our trial is the inclu-
sion of a control group of patients who received 
platinum therapy; this permits the direct com-
parison of the pembrolizumab–chemotherapy 
combination with the neoadjuvant chemotherapy 
regimen that has been associated with the high-
est rate of pathological complete response 
among patients with early triple-negative breast 
cancer. However, adjuvant capecitabine was not 
incorporated into the trial design. Although the 
Capecitabine for Residual Cancer as Adjuvant 
Therapy (CREATE-X) trial showed that adjuvant 
capecitabine prolonged survival among patients 
with triple-negative breast cancer,36 the present 
trial was designed before these results were re-
ported. Trial retention was high, and similar 
proportions of patients in both groups com-
pleted neoadjuvant and adjuvant treatment and 
underwent definitive surgery. Nonetheless, the 
most appropriate duration of pembrolizumab 
therapy is uncertain because the trial was not 
designed to discern the relative contributions of 
the neoadjuvant and adjuvant treatment phases. 
Another prospective trial would be required to 
answer this question. In addition, the short du-
ration of follow-up at this early time point pre-
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cludes the assessment of mature survival data and 
the long-term safety profile, both of which are 
important considerations in patients receiving po-
tentially curative treatment. Subsequent analyses 
are ongoing to further assess survival and safety.

In summary, the addition of pembrolizumab 
to platinum-containing neoadjuvant chemother-
apy resulted in a significant increase in the 
percentage of patients who had a pathological 
complete response. The benefit with respect to 
pathological complete response was observed 
across most prognostic risk categories, includ-
ing the category of patients with low PD-L1 ex-
pression. Safety was consistent with the known 
profiles of each regimen.
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