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BACKGROUND
The addition of pembrolizumab to neoadjuvant chemotherapy led to a signifi-
cantly higher percentage of patients with early triple-negative breast cancer having 
a pathological complete response (defined as no invasive cancer in the breast and 
negative nodes) at definitive surgery in an earlier analysis of this phase 3 trial of 
neoadjuvant and adjuvant therapy. The primary results regarding event-free sur-
vival in this trial have not been reported.

METHODS
We randomly assigned, in a 2:1 ratio, patients with previously untreated stage II 
or III triple-negative breast cancer to receive neoadjuvant therapy with four cycles 
of pembrolizumab (at a dose of 200 mg) or placebo every 3 weeks plus paclitaxel 
and carboplatin, followed by four cycles of pembrolizumab or placebo plus doxo-
rubicin–cyclophosphamide or epirubicin–cyclophosphamide. After definitive sur-
gery, patients received adjuvant pembrolizumab (pembrolizumab–chemotherapy 
group) or placebo (placebo–chemotherapy group) every 3 weeks for up to nine 
cycles. The primary end points were pathological complete response (the results 
for which have been reported previously) and event-free survival, defined as the 
time from randomization to the date of disease progression that precluded de-
finitive surgery, local or distant recurrence, occurrence of a second primary can-
cer, or death from any cause. Safety was also assessed.

RESULTS
Of the 1174 patients who underwent randomization, 784 were assigned to the 
pembrolizumab–chemotherapy group and 390 to the placebo–chemotherapy group. 
The median follow-up at this fourth planned interim analysis (data cutoff, March 23, 
2021) was 39.1 months. The estimated event-free survival at 36 months was 84.5% 
(95% confidence interval [CI], 81.7 to 86.9) in the pembrolizumab–chemotherapy 
group, as compared with 76.8% (95% CI, 72.2 to 80.7) in the placebo–chemotherapy 
group (hazard ratio for event or death, 0.63; 95% CI, 0.48 to 0.82; P<0.001). Adverse 
events occurred predominantly during the neoadjuvant phase and were consistent 
with the established safety profiles of pembrolizumab and chemotherapy.

CONCLUSIONS
In patients with early triple-negative breast cancer, neoadjuvant pembrolizumab 
plus chemotherapy, followed by adjuvant pembrolizumab after surgery, resulted in 
significantly longer event-free survival than neoadjuvant chemotherapy alone. (Fund-
ed by Merck Sharp and Dohme, a subsidiary of Merck; KEYNOTE-522 ClinicalTrials 
.gov number, NCT03036488.)
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Triple-negative breast cancer is as-
sociated with shorter overall survival than 
other breast cancer subtypes, despite the 

use of curative-intent anthracycline– and taxane–
based systemic chemotherapy.1-4 The risk of re-
currence and death is high among patients with 
stage II or III triple-negative breast cancer; at 
5 years, event-free survival is approximately 71% 
and overall survival approximately 77%.5 Neoad-
juvant chemotherapy is the current standard of 
care for patients with early disease.6-9 The short-
term goal of neoadjuvant therapy is a pathologi-
cal complete response, because it is associated 
with prolonged event-free and overall survival 
among patients with triple-negative breast can-
cer.5 The long-term goal of neoadjuvant plus 
adjuvant therapy is to prevent the recurrence of 
metastatic disease.6,7,9 Nevertheless, an increased 
risk of disease recurrence and death remains.

Immune checkpoint inhibitors that target pro-
grammed death 1 (PD-1) or programmed death 
ligand 1 (PD-L1) in combination with neoadju-
vant chemotherapy regimens have shown anti-
tumor activity in patients with early triple-nega-
tive breast cancer.10-12 KEYNOTE-522 is a phase 3 
trial evaluating the immune checkpoint inhibi-
tor pembrolizumab plus neoadjuvant chemother-
apy as compared with neoadjuvant chemotherapy 
alone, followed by the receipt of adjuvant pem-
brolizumab or placebo, respectively, in patients 
with early triple-negative breast cancer. At the 
first planned analysis, the addition of pembro-
lizumab to neoadjuvant chemotherapy resulted 
in a significantly higher percentage of patients 
with a pathological complete response at the 
time of definitive surgery.13 Here, we report the 
results for the other primary end point — event-
free survival — as well as additional efficacy end 
points and updated safety data.

Me thods

Patients

As described previously,13 we enrolled adult pa-
tients who had the following characteristics: 
centrally confirmed triple-negative breast cancer 
as defined by the American Society of Clinical 
Oncology–College of American Pathologists guide-
lines14-16; newly diagnosed, previously untreated, 
nonmetastatic disease, which was defined as 
combined primary tumor (T) and regional lymph 
node (N) involvement, according to the Ameri-
can Joint Committee on Cancer staging criteria 

(7th edition),17 as assessed by the investigator on 
the basis of radiologic or clinical assessment 
(T1c N1–2 or T2–4 N0–2 disease; see below); an 
Eastern Cooperative Oncology Group performance-
status score18 of 0 or 1 (on a 5-point scale, with 
higher numbers indicating greater disability); 
and adequate organ function. Full eligibility 
criteria are listed in the trial protocol, which 
is available with the full text of this article at 
NEJM.org.

Trial Design and Treatment

This randomized, double-blind, placebo-controlled 
trial was conducted at 181 sites (plus 2 satellite 
sites) in 21 countries. Patients were treated in a 
neoadjuvant phase and an adjuvant phase. Pa-
tients were stratified before randomization ac-
cording to nodal status (positive or negative), 
tumor size (T1 [diameter, >1.0 to 2.0 cm] to T2 
[diameter, >2.0 to 5.0 cm] or T3 [diameter, >5.0 cm] 
to T4 [locally advanced disease]), and frequency 
of carboplatin administration (once weekly or 
once every 3 weeks). Randomization was per-
formed with the use of a central interactive 
voice-response system with an integrated Web-
response system. Patients were randomly as-
signed, in a 2:1 ratio, to receive either pembro-
lizumab or placebo.

In the neoadjuvant phase, patients received 
four cycles of an intravenous infusion of pem-
brolizumab (at a dose of 200 mg) or placebo 
once every 3 weeks; all patients also received 
paclitaxel (80 mg per square meter of body-sur-
face area once weekly) and carboplatin (at a dose 
based on an area under the concentration–time 
curve of 5 mg per milliliter per minute, admin-
istered once every 3 weeks, or 1.5 mg per milli-
liter per minute, administered once weekly for 
the first 12 weeks) (i.e., the first neoadjuvant 
treatment). Patients then received four cycles of 
pembrolizumab or placebo; all patients also re-
ceived doxorubicin (60 mg per square meter) or 
epirubicin (90 mg per square meter), plus cyclo-
phosphamide (600 mg per square meter), admin-
istered once every 3 weeks for the subsequent 
12 weeks (i.e., the second neoadjuvant treat-
ment). Use of glucocorticoids was permitted in 
order to avoid allergic reactions before chemo-
therapy and for the management of immune-
mediated adverse events.

Patients who completed or discontinued the 
first neoadjuvant treatment could start the sec-
ond neoadjuvant treatment or undergo surgery, 
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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) at 3 to 
6 weeks after the last treatment cycle of the 
neoadjuvant phase.

In the adjuvant phase, patients received radia-
tion therapy as indicated and either pembrolizu-
mab (the pembrolizumab–chemotherapy group) 
or placebo (the placebo–chemotherapy group), 
administered once every 3 weeks for up to nine 
cycles. Adjuvant pembrolizumab or placebo could 
be started either concurrently with radiation 
therapy or 2 weeks after the completion of radia-
tion therapy. Adjuvant therapy with capecitabine 
was not allowed. Trial treatment was discontin-
ued in patients who had disease progression that 
precluded definitive surgery, disease recurrence, 
or unacceptable toxic effects.

Assessments

After patients completed neoadjuvant therapy, 
we assessed pathological complete response, as 
described previously.13 Event-free survival, which 
was defined as the time from randomization to 
the date of disease progression that precluded 
definitive surgery, local or distant recurrence, 
occurrence of 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. Follow-up for 
disease status and survival was scheduled every 
3 months for the first 2 years after randomiza-
tion, then every 6 months for years 3 through 5, 
and annually thereafter.

PD-L1 expression in archival or newly ob-
tained formalin-fixed tumor samples was as-
sessed at a central laboratory with the use of the 
PD-L1 IHC 22C3 pharmDx assay (Agilent Tech-
nologies). Biopsy samples that had been obtained 
at the patient’s initial diagnosis and before the 
informed consent form was signed were consid-
ered to be archival. PD-L1 expression was char-
acterized according to the combined positive 
score, which was 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 higher were 
considered to be PD-L1–positive. Patients were 

eligible for the trial regardless of PD-L1 expres-
sion status.

Adverse events were monitored throughout the 
trial and for 30 days after treatment discontinu-
ation, with serious adverse events being moni-
tored for 90 days after treatment discontinua-
tion. Adverse events were graded according to 
the Common Terminology Criteria for Adverse 
Events, version 4.0, of the National Cancer Insti-
tute.19 Immune-mediated adverse events were de-
termined on the basis of a prespecified list of 
Medical Dictionary for Regulatory Activities (MedDRA) 
terms,20 which was updated with each new ver-
sion of MedDRA. Tier 2 adverse events are fully 
defined in the protocol and included specific 
adverse events that occurred in at least 5% of the 
patients, specific serious adverse events that oc-
curred in at least 1% of the patients, and spe-
cific adverse events of grade 3 or higher that 
occurred in at least 1% of the patients.

End Points

The two primary end points were pathological 
complete response, defined as pathological 
stage ypT0–Tis ypN0 (indicating no residual 
invasive cancer in the complete resected breast 
specimen and all sampled regional lymph 
nodes) at the time of definitive surgery, and 
event-free survival. Secondary end points in-
cluded overall survival among all patients and 
among patients with PD-L1–positive tumors; 
event-free survival among patients with PD-L1–
positive tumors; pathological complete response, 
defined as pathological stages ypT0 ypN0 (indi-
cating no residual invasive and in situ cancer in 
the breast and all sampled regional lymph 
nodes) and ypT0–Tis (indicating no invasive can-
cer in the breast regardless of ductal carcinoma 
in situ or nodal involvement) in all patients; 
and pathological complete response, according 
to all the above-mentioned pathological-stage 
definitions, in patients with PD-L1–positive 
tumors. An exploratory end point was distant 
progression–free or distant recurrence–free sur-
vival, which was defined as the time from ran-
domization to an event of distant progression 
or distant recurrence as assessed by the inves-
tigator or death due to any cause, whichever 
occurred first. Safety was evaluated in all the 
patients who received at least one trial drug or 
underwent surgery.
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Trial Oversight

As previously reported,13 this trial was developed 
by a scientific advisory committee and represen-
tatives of the sponsor (Merck Sharp and Dohme, 
a subsidiary of Merck [in Kenilworth, New Jersey]). 
An external, independent data and safety moni-
toring committee oversaw the trial, periodically 
assessed safety, and assessed efficacy at prespeci-
fied interim analyses. The trial protocol and all 
amendments were approved by the appropriate 
ethics committee 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, its amend-
ments, and the standards of Good Clinical 
Practice. All the authors had access to the data 
that were used to prepare the manuscript and 
participated 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 trial sponsor. All the authors 
approved the manuscript for submission for 
publication and vouch for the accuracy and com-
pleteness of the data reported.

Statistical Analysis

The statistical analysis plan for pathological com-
plete response has been described previously.13 
Efficacy analyses were performed in the inten-
tion-to-treat population, which included all the 
patients who underwent randomization. The 
Kaplan–Meier method was used to estimate 
event-free survival and overall survival. Patients 
who did not have an event at the time of data 
analysis had their data censored for event-free 
survival at the date on which they were last 
known to be alive and event-free. Patients with-
out documented death at the time of data analy-
sis had their data censored for overall survival at 
the date of last follow-up. Treatment differences 
were assessed by the stratified log-rank test. 
Hazard ratios and associated 95% confidence 
intervals were determined with the use of a 
stratified Cox proportional-hazards model with 
Efron’s method of tie handling. The 95% confi-
dence intervals associated with between-group 
differences were not adjusted for multiple com-
parisons and hence cannot be used to infer 
treatment effects. The same stratification factors 

that were used for randomization were used in 
all the stratified analyses.

The interim analyses for event-free survival 
are time-dependent and, according to the proto-
col, are to be conducted annually after 2 years, 
with the final analysis being event-driven. The 
graphical method of Maurer and Bretz,21 as de-
scribed previously,13 was used to strictly control 
the type I error rate at a two-sided alpha level of 
0.05 across multiple hypotheses and the interim 
and final analyses (see the Supplemental Statis-
tical Methods section in the Supplementary Ap-
pendix, available at NEJM.org). The Lan–DeMets 
O’Brien–Fleming spending function was used to 
control the type I error in the interim and final 
analyses.22 For the interim analysis reported 
here, a P value of less than 0.01034 (two-sided) 
was considered to indicate significance in the 
analysis of event-free survival. Event-free survival 
and overall survival were assessed at the time 
of this analysis; follow-up for the assessment of 
overall survival is ongoing. Survival estimates 
at 36 months were prespecified; these results are 
provided for descriptive purposes only and 
should not be used to infer differences between 
the treatment groups. The protocol stated that 
the treatment groups would be compared with the 
use of one-sided P values; however, in accor-
dance with Journal policy, two-sided P values are 
reported here. Therefore, the two-sided overall 
alpha level and two-sided alpha boundaries are 
provided.

We calculated that a sample of approximately 
1150 patients would provide the trial with 80% 
power to detect a hazard ratio of 0.71 for disease 
progression that precluded definitive surgery, 
local or distant recurrence, occurrence of a sec-
ond primary cancer, or death from any cause, at 
a two-sided alpha level of 0.04, in the final 
analysis. Safety was assessed in the as-treated 
population, which included all the patients who 
had undergone randomization and received at 
least one trial drug or underwent surgery. De-
tails are available in the full statistical analysis 
plan, which is provided in the protocol.

R esult s

Patients and Treatment

From March 2017 through September 2018, a 
total of 1174 patients were randomly assigned to 
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the pembrolizumab–chemotherapy group (784 
patients) or the placebo–chemotherapy group 
(390 patients) (the intention-to-treat population). 
A total of 783 patients in the pembrolizumab–
chemotherapy group and 389 in the placebo–
chemotherapy group received at least one trial 
drug or underwent surgery (the as-treated popu-
lation); no patients are still receiving treatment 
(Fig. S1). As previously reported,13 the character-
istics of the patients at baseline were as expected 
and were well balanced between the treatment 
groups (Table S1). The representativeness of the 
trial participants is detailed in Table S2.

At the fourth planned interim analysis (data 
cutoff, March 23, 2021), the median duration of 
follow-up was 39.1 months (range, 30.0 to 48.0). 
The median duration of treatment exposure and 
the median number of chemotherapy doses ad-
ministered were similar in the two treatment 
groups (Table S3).

Efficacy

A total of 123 patients (15.7%) in the pembro-
lizumab–chemotherapy group and 93 patients 
(23.8%) in the placebo–chemotherapy group had 
an event or died (hazard ratio, 0.63; 95% confi-
dence interval [CI], 0.48 to 0.82; P<0.001) (Fig. 1). 
According to the prespecified statistical criteri-
on of an alpha level of 0.01034, a significant 
improvement in event-free survival was seen in 
the pembrolizumab–chemotherapy group as com-
pared with the placebo–chemotherapy group. 
The estimated event-free survival at 36 months 
was 84.5% (95% CI, 81.7 to 86.9) in the pembro-
lizumab–chemotherapy group and 76.8% (95% 
CI, 72.2 to 80.7) in the placebo–chemotherapy 
group; the median event-free survival was not 
reached in either group.

The most common event in the analysis of 
event-free survival was distant recurrence, which 
occurred in 60 patients (7.7%) in the pembro-

Figure 1. Kaplan–Meier Estimates of Event-free Survival According to Treatment Group (Intention-to-Treat Population).

Tick marks represent data censored at the last time that the patient was known to be alive and without an event (de-
fined as disease progression that precluded definitive surgery, local or distant recurrence, occurrence of a second 
primary cancer, or death from any cause). The hazard ratio and confidence interval were analyzed with the use of a 
Cox proportional-hazards model, with treatment as a covariate and with stratification according to the randomization 
stratification factors of nodal status (positive or negative), tumor size (T1 [diameter, >1.0 to 2.0 cm] to T2 [diameter, 
>2.0 to 5.0 cm] or T3 [diameter, >5.0 cm] to T4 [locally advanced disease]), and frequency of carboplatin administra-
tion (once weekly or once every 3 weeks).

Hazard ratio for event or death, 0.63 (95% CI, 0.48–0.82)
P<0.001

Pe
rc

en
t o

f P
at

ie
nt

s 
Fr

ee
 fr

om
 E

ve
nt

100

80

90

70

60

40

30

10

50

20

0
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51

Month

No. at Risk
Pembrolizumab–chemotherapy
Placebo–chemotherapy         

784
390

781
386

769
382

751
368

728
358

718
342

702
328

692
319

681
310

671
304

652
297

551
250

433
195

303
140

165
83

28
17

0
0

0
0

Pembrolizumab–chemotherapy

Placebo–chemotherapy

The New England Journal of Medicine 
Downloaded from nejm.org on April 20, 2023. For personal use only. No other uses without permission. 

 Copyright © 2022 Massachusetts Medical Society. All rights reserved. 



n engl j med 386;6 nejm.org February 10, 2022 561

Pembrolizumab in Early Triple-Negative Breast Cancer

lizumab–chemotherapy group and in 51 (13.1%) 
in the placebo–chemotherapy group (Table 1). 
The event-free survival benefit that was observed 
in the pembrolizumab–chemotherapy group was 
generally consistent across all the prespecified 
subgroups (see the Supplemental Methods sec-
tion in the Supplementary Appendix), including 
subgroups defined according to PD-L1 expres-
sion and nodal involvement (Figs. 2 and S2). The 
analysis of distant progression–free or distant 
recurrence–free survival showed a hazard ratio 
for distant progression, distant recurrence, or 
death in the pembrolizumab–chemotherapy group, 
as compared with the placebo–chemotherapy 
group, of 0.61 (95% CI, 0.46 to 0.82) (Fig. S3).

Data on overall survival were immature at the 
time of this analysis. A total of 80 patients 
(10.2%) in the pembrolizumab–chemotherapy 
group and 55 patients (14.1%) in the placebo–
chemotherapy group died (hazard ratio, 0.72; 95 
CI, 0.51 to 1.02) (Fig. 3). The estimated overall 
survival at 36 months was 89.7% (95% CI, 87.3 
to 91.7) in the pembrolizumab–chemotherapy 
group and 86.9% (95% CI, 83.0 to 89.9) in the 
placebo–chemotherapy group; the median over-
all survival was not reached in either group.

The prespecified, nonrandomized, exploratory 
analysis of event-free survival conducted accord-
ing to the outcome (yes or no) of pathological 
complete response (ypT0–Tis ypN0) showed that 
among patients with a pathological complete 
response, 27 of 494 (5.5%) in the pembrolizu-
mab–chemotherapy group and 16 of 217 (7.4%) 
in the placebo–chemotherapy group had an 
event or died (hazard ratio, 0.73; 95% CI, 0.39 to 
1.36). Among patients without a pathological 
complete response, 96 of 290 (33.1%) in the 
pembrolizumab–chemotherapy group and 77 of 
173 (44.5%) in the placebo–chemotherapy group 
had an event or died (hazard ratio, 0.70; 95% CI, 
0.52 to 0.95) (Fig. S4).

Safety

All the patients completed trial treatment by 
February 2020; the incidence of adverse events at 
the time of this analysis was similar to that pre-
viously reported.13 In the combined neoadjuvant 
and adjuvant phases, adverse events of grade 3 
or higher that were considered by the investiga-
tor to be related to trial treatment occurred in 
77.1% of 783 patients in the pembrolizumab–

chemotherapy group and in 73.3% of 389 pa-
tients in the placebo–chemotherapy group. Nau-
sea, alopecia, and anemia were the most common 
treatment-related adverse events of any grade 
(Table 2). Discontinuation of the trial regimen 
because of treatment-related adverse events oc-
curred in 27.7% of the patients in the pembro-
lizumab–chemotherapy group and in 14.1% of 
those in the placebo–chemotherapy group.

Serious treatment-related adverse events oc-
curred in 34.1% of the patients in the pembro-
lizumab–chemotherapy group and in 20.1% of 
those in the placebo–chemotherapy group. Treat-
ment-related adverse events led to death in 4 pa-
tients (0.5%) in the pembrolizumab–chemo-
therapy group and in 1 patient (0.3%) in the 
placebo–chemotherapy group. Most treatment-
related adverse events occurred during the neo-
adjuvant phase rather than during the adjuvant 
phase (Table S4).

The tier 2 adverse events for which the inci-
dence was at least 5 percentage points higher in 
the pembrolizumab–chemotherapy group than in 
the placebo–chemotherapy group were pyrexia 
(in 28.2% vs. 18.5% of the patients), hypothy-
roidism (in 15.1% vs. 5.7%), diarrhea (in 40.6% 
vs. 34.2%), rash (in 29.9% vs. 23.7%), decreased 
appetite (in 22.7% vs. 16.7%), and hypokalemia 
(in 11.2% vs. 6.2%). No adverse events of grades 
3 through 5 had an incidence that was at least 
5 percentage points higher in the pembrolizu-

Table 1. Summary of First Events in Analysis of Event-free Survival.

First Event

Pembrolizumab– 
Chemotherapy 

(N = 784)

Placebo–
Chemotherapy 

(N = 390)

number (percent)

Any first event 123 (15.7) 93 (23.8)

Progression of disease that pre-
cluded definitive surgery

14 (1.8) 15 (3.8)

Local recurrence* 28 (3.6) 17 (4.4)

Distant recurrence 60 (7.7) 51 (13.1)

Second primary cancer† 6 (0.8) 4 (1.0)

Death 15 (1.9) 6 (1.5)

*  A total of 13 patients in the pembrolizumab–chemotherapy group and 9 in 
the placebo–chemotherapy group with local recurrence had subsequent dis-
tant recurrence.

†  Sites of second primary cancer included blood, bone marrow, chest wall, co-
lon, endometrium, ovaries, stomach, and tongue.
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mab–chemotherapy group than in the placebo–
chemotherapy group. Details are provided in 
Tables S5 through S8.

Immune-mediated adverse events of any grade 
occurred in 33.5% of the patients in the pembro-
lizumab–chemotherapy group and in 11.3% 
of those in the placebo–chemotherapy group; 
immune-mediated adverse events of grade 3 or 
higher occurred in 12.9% and 1.0% of the pa-
tients, respectively (Table 2). As in the previous 
report,13 a higher incidence of endocrine disor-
ders was observed in the pembrolizumab–chemo-
therapy group than in the placebo–chemotherapy 
group. Immune-mediated adverse events led to 
death in 2 patients (0.3%) in the pembrolizumab–
chemotherapy group and in no patients in the 

placebo–chemotherapy group. Most immune-
mediated adverse events occurred during the 
neoadjuvant phase rather than during the adju-
vant phase.

Discussion

In this phase 3 trial, neoadjuvant pembrolizum-
ab combined with chemotherapy followed by 
adjuvant pembrolizumab resulted in a signifi-
cant improvement, as compared with neoadju-
vant chemotherapy alone, in event-free survival 
among patients with previously untreated stage 
II or III triple-negative breast cancer. The risk of 
disease progression that precluded definitive 
surgery, local or distant recurrence, occurrence 

Figure 2. Subgroup Analyses of Event-free Survival.

An analysis of event-free survival in key subgroups is shown. For the overall population and the subgroups defined according to pro-
grammed death ligand 1 (PD-L1) status, the analysis was based on the Miettinen and Nurminen method, with stratification according 
to 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). For the other subgroups, the analysis was based on the unstratified Miettinen and Nurminen method. Categories 
of the classification variables in the subgroup analyses were based on the actual values at baseline rather than on the values reported in 
the central interactive voice-response system with an integrated Web-response system. Data on PD-L1 status were missing for four pa-
tients in the placebo–chemotherapy group. Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, 
with higher scores indicating greater disability.
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of a second primary cancer, or death from any 
cause was 37% lower with pembrolizumab–che-
motherapy than with placebo–chemotherapy. 
The addition of pembrolizumab before and af-
ter surgery for a total duration of approximately 
1 year led to a lower risk of distant recurrence.

The prolongation of event-free survival with 
pembrolizumab was observed across all the sub-
groups. The higher percentage of patients with a 
pathological complete response with the addi-
tion of pembrolizumab to neoadjuvant chemo-
therapy was independent of PD-L1 expression.13 
By contrast, in the KEYNOTE-355 trial, first-line 
treatment with pembrolizumab plus chemother-
apy (including taxanes and a nontaxane platinum-
based regimen) led to a significant improvement 
in progression-free survival, as compared with 
chemotherapy alone, among patients with meta-
static triple-negative breast cancer who had a 
PD-L1 combined positive score of 10 or more.23 
Similarly, the efficacy of atezolizumab therapy 
was independent of PD-L1 expression (measured 

with a different assay) in patients with early 
disease,10 whereas the efficacy was dependent on 
PD-L1 positivity in patients with metastatic dis-
ease.24,25 Together, these findings suggest that 
baseline tumor PD-L1 expression plays a differ-
ential role in the efficacy of immune checkpoint 
inhibition in early, as compared with advanced, 
triple-negative breast cancer.26,27 Analyses of mo-
lecular biomarkers that might predict clinical 
response to pembrolizumab treatment are ongo-
ing. The relative event-free survival benefit with 
the pembrolizumab regimen was also indepen-
dent of nodal status, an important consideration 
both for patients with node-positive disease, who 
are known to have a worse prognosis, and for 
patients with node-negative disease, who also had 
an improvement in outcome.

Although the results should be interpreted 
with caution because this was a nonrandomized 
analysis stratified according to a postbaseline 
variable that partially defines the outcome of 
interest, a relatively lower risk of events in the 

Figure 3. Kaplan–Meier Estimates of Overall Survival According to Treatment Group (Intention-to-Treat Population).

Tick marks represent data censored at the last time that the patient was known to be alive, among patients with-
out documented death. The hazard ratio and confidence interval were analyzed with the use of a Cox proportion-
al-hazards model, with treatment as a covariate and with stratification according to the randomization stratifica-
tion 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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Table 2. Adverse Events in the Combined Neoadjuvant and Adjuvant Phases (As-Treated Population).*

Event
Pembrolizumab–Chemotherapy 

(N = 783)
Placebo–Chemotherapy 

(N = 389)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Any adverse event 777 (99.2) 645 (82.4) 389 (100) 306 (78.7)

Treatment-related adverse event† 774 (98.9) 604 (77.1) 388 (99.7) 285 (73.3)

Nausea 495 (63.2) 27 (3.4) 245 (63.0) 6 (1.5)

Alopecia 471 (60.2) 0 220 (56.6) 0

Anemia 429 (54.8) 141 (18.0) 215 (55.3) 58 (14.9)

Neutropenia 367 (46.9) 270 (34.5) 185 (47.6) 130 (33.4)

Fatigue 330 (42.1) 28 (3.6) 151 (38.8) 6 (1.5)

Diarrhea 238 (30.4) 20 (2.6) 98 (25.2) 5 (1.3)

Alanine aminotransferase  
increased

204 (26.1) 43 (5.5) 98 (25.2) 9 (2.3)

Vomiting 200 (25.5) 19 (2.4) 86 (22.1) 6 (1.5)

Asthenia 198 (25.3) 28 (3.6) 102 (26.2) 9 (2.3)

Rash 196 (25.0) 12 (1.5) 66 (17.0) 1 (0.3)

Constipation 188 (24.0) 0 85 (21.9) 0

Neutrophil count decreased 185 (23.6) 146 (18.6) 112 (28.8) 90 (23.1)

Aspartate aminotransferase  
increased

157 (20.1) 20 (2.6) 63 (16.2) 1 (0.3)

Peripheral neuropathy 154 (19.7) 15 (1.9) 84 (21.6) 4 (1.0)

Immune-mediated adverse event‡ 262 (33.5) 101 (12.9) 44 (11.3) 4 (1.0)

Hypothyroidism 118 (15.1) 4 (0.5) 22 (5.7) 0

Severe skin reaction 45 (5.7) 37 (4.7) 4 (1.0) 1 (0.3)

Hyperthyroidism 41 (5.2) 2 (0.3) 7 (1.8) 0

Adrenal insufficiency 20 (2.6) 8 (1.0) 0 0

Pneumonitis 17 (2.2) 7 (0.9) 6 (1.5) 2 (0.5)

Thyroiditis 16 (2.0) 2 (0.3) 5 (1.3) 0

Hypophysitis 15 (1.9) 10 (1.3) 1 (0.3) 0

*  Listed are all the adverse events that occurred during the treatment period or within 30 days after the treatment period 
(or, for serious adverse events, within 90 days after the treatment period). Events are listed in descending order of fre-
quency in the pembrolizumab–chemotherapy group. The as-treated population included all the patients who had under-
gone randomization and received at least one trial drug or underwent surgery. The severity of adverse events was graded 
according 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 that were considered by the investigators to be 
medically relevant are reported. Patients may have had more than one event. Grade 5 treatment-related adverse events 
were sepsis and multiple organ dysfunction syndrome (in one patient) and pneumonitis, pulmonary embolism, and 
autoimmune encephalitis (in one patient each) in the pembrolizumab–chemotherapy group and septic shock (in one 
patient) in the placebo–chemotherapy group.

‡  Immune-mediated adverse events were determined according to a list of terms specified by the sponsor, regardless of 
attribution to any trial treatment by the investigators. Shown are adverse events of interest that occurred in at least 15 
patients in either treatment group. Grade 5 immune-mediated adverse events were pulmonary embolism and autoim-
mune encephalitis (in 1 patient each) in the pembrolizumab–chemotherapy group.
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pembrolizumab–chemotherapy group than in the 
placebo–chemotherapy group in the analysis of 
event-free survival was observed regardless of the 
outcome with respect to pathological complete 
response. This finding may be related to expo-
sure to adjuvant pembrolizumab or to a lesser 
residual cancer burden at the end of the neoad-
juvant phase in the pembrolizumab–chemother-
apy group than in the placebo–chemotherapy 
group. However, this trial was not designed to 
discern the relative contributions of the neoadju-
vant and adjuvant treatment phases; a prospec-
tive trial would be needed to address this ques-
tion. Overall, our results showed that the 
event-free survival benefit with pembrolizumab 
treatment in patients with early triple-negative 
breast cancer exceeded that expected by the in-
crease in the percentage of patients with a 
pathological complete response alone.5,28-32

No new safety signals have been identified 
after further follow-up since the previous re-
port.13 The adverse events that were reported in 
the pembrolizumab–chemotherapy group were 
consistent with the known safety profiles of 
pembrolizumab monotherapy and platinum-, 
taxane-, and anthracycline-containing neoadju-
vant chemotherapy. The addition of pembrolizu-
mab did not compromise exposure to chemo-
therapy or increase the incidence of common 
chemotherapy-related toxic effects.33,34 The high-
er incidence of immune-mediated adverse events 
in the pembrolizumab–chemotherapy group than 
in the placebo–chemotherapy group was driven 
primarily by endocrinopathies and skin reac-
tions, which occurred mostly during the neoad-
juvant phase, with a very low incidence during 
the adjuvant phase. These events were generally 
of low grade and were successfully managed 
with treatment interruption, glucocorticoid ad-
ministration, or hormone replacement, a finding 
that underscores the importance of early identi-
fication and intervention to minimize risk and 
ensure continued treatment benefit. Certain 
immune-mediated toxic effects may be irrevers-
ible and lead to long-term therapy,35 a key con-
sideration for patients receiving potentially cura-
tive care. Analyses of clinical trial results in 
patients with other cancer types support the 

long-term safety of pembrolizumab, with no 
signal for late toxic effects.36,37

KEYNOTE-522 was a prospective, random-
ized, placebo-controlled, phase 3 trial of neoad-
juvant and adjuvant pembrolizumab treatment in 
patients with early triple-negative breast cancer. 
A key strength of this trial was the inclusion of 
a control group of patients who received stan-
dard-of-care platinum-, taxane-, and anthracy-
cline-containing chemotherapy, which permitted 
the direct comparison of the pembrolizumab–
chemotherapy combination with the neoadjuvant 
chemotherapy regimen that has been associated 
with high response among patients with early 
triple-negative breast cancer. Although the dura-
tion of follow-up at the time of this analysis 
precludes the assessment of mature data regard-
ing overall survival, double-blinding was main-
tained to permit ongoing follow-up.

The results of this trial support the use of 
pembrolizumab plus platinum-, taxane-, and 
anthracycline-containing neoadjuvant chemo-
therapy, followed by adjuvant pembrolizumab 
after surgery, as a treatment regimen for pa-
tients with high-risk, early triple-negative breast 
cancer, regardless of tumor PD-L1 expression 
status.
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