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ABSTRACT

BACKGROUND
In an interim analysis of this phase 3 trial, the addition of pembrolizumab to The authors’ full names, academic de-
chemotherapy resulted in longer progression-free survival than chemotherapy grees, and affiliations are listed in the
. . . . Appendix. Dr. Cortes can be contacted at
alone among patients with advanced triple-negative breast cancer whose tumors . : .
X N . o jacortes@vhio.net or at the International
expressed programmed death ligand 1 (PD-L1) with a combined positive score Breast Cancer Center, Marquesa de Vila-
(CPS; the number of PD-L1-staining tumor cells, lymphocytes, and macrophages, !longa 12, Barcelona 08017, Spain.

divided by the total number of viable tumor cells, multiplied by 100) of 10 or more. A complete list of investigators in the

The results of the final analysis of overall survival have not been reported. KEYNOTE-355 trial is provided in the
Supplementary Appendix, available at
METHODS NEJM.org.

We randomly assigned patients with previously untreated locally recurrent inoper- ¢, g0 and Schmid contributed equal-
able or metastatic triple-negative breast cancer in a 2:1 ratio to receive pembrolizu- Iy to this article.

mab (200 mg) every 3 weeks plus the investigator’s choice of chemotherapy Engl) Med 2022;387:217.26.
(nanoparticle albumin-bound paclitaxel, paclitaxel, or gemcitabine—carboplatin) or poi: 10.1056/NEJMoa2202809

placebo plus chemotherapy. The primary end points were progression-free sur- —Copyright © 2022 Massachusetts Medical Society.
vival (reported previously) and overall survival among patients whose tumors ex-

pressed PD-L1 with a CPS of 10 or more (the CPS-10 subgroup), among patients
whose tumors expressed PD-L1 with a CPS of 1 or more (the CPS-1 subgroup), and
in the intention-to-treat population. Safety was also assessed.

at NEJM.org

RESULTS

A total of 847 patients underwent randomization: 566 were assigned to the pem-
brolizumab—chemotherapy group, and 281 to the placebo—chemotherapy group.
The median follow-up was 44.1 months. In the CPS-10 subgroup, the median
overall survival was 23.0 months in the pembrolizumab—chemotherapy group and
16.1 months in the placebo—chemotherapy group (hazard ratio for death, 0.73;
95% confidence interval [CI], 0.55 to 0.95; two-sided P=0.0185 [criterion for sig-
nificance met]); in the CPS-1 subgroup, the median overall survival was 17.6 and
16.0 months in the two groups, respectively (hazard ratio, 0.86; 95% CI, 0.72 to
1.04; two-sided P=0.1125 [not significant]); and in the intention-to-treat popula-
tion, the median overall survival was 17.2 and 15.5 months, respectively (hazard
ratio, 0.89; 95% CI, 0.76 to 1.05 [significance not tested]). Adverse events of grade
3, 4, or 5 that were related to the trial regimen occurred in 68.1% of the patients
in the pembrolizumab—chemotherapy group and in 66.9% in the placebo—chemo-
therapy group, including death in 0.4% of the patients in the pembrolizumab—che-
motherapy group and in no patients in the placebo—chemotherapy group.

CONCLUSIONS
Among patients with advanced triple-negative breast cancer whose tumors ex-
pressed PD-L1 with a CPS of 10 or more, the addition of pembrolizumab to che-
motherapy resulted in significantly longer overall survival than chemotherapy
alone. (Funded by Merck Sharp and Dohme; KEYNOTE-355 ClinicalTrials.gov
number, NCT02819518.)
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RIPLE-NEGATIVE BREAST CANCER IS AN

aggressive breast cancer subtype that lacks

expression of estrogen and progesterone
receptors and amplification or overexpression
of human epidermal growth factor receptor 2
(HER2).! The absence of these receptors renders
endocrine and HER2-targeted therapies ineffec-
tive, leaving cytotoxic chemotherapy as the stan-
dard treatment option.> However, chemotherapy
results in suboptimal antitumor response rates
and short overall survival and response dura-
tions.>® New therapeutic strategies to improve
outcomes are needed.

Pembrolizumab monotherapy has shown du-
rable antitumor activity in advanced triple-nega-
tive breast cancer,® particularly as first-line
therapy, with improved clinical responses ob-
served among patients with higher programmed
death ligand 1 (PD-L1) expression.’ The phase 3
KEYNOTE-355 trial examined whether the addi-
tion of pembrolizumab would enhance the anti-
tumor activity of chemotherapy, including tax-
anes and a non-taxane platinum-based regimen,
in patients with previously untreated locally re-
current inoperable or metastatic triple-negative
breast cancer. Data from a prespecified interim
analysis showed that pembrolizumab plus che-
motherapy resulted in significantly longer pro-
gression-free survival than placebo plus chemo-
therapy among patients with a PD-L1 combined
positive score (CPS) of 10 or more.’® The CPS is
the number of PD-L1-staining cells (tumor cells,
lymphocytes, and macrophages) divided by the
total number of viable tumor cells, multiplied by
100. Here, we present the results of the protocol-
specified final analysis of the KEYNOTE-355
trial, which assessed overall survival among pa-
tients treated with pembrolizumab plus chemo-
therapy as compared with those who received
placebo plus chemotherapy.

METHODS

PATIENTS

As described previously,® adult patients eligible
for enrollment had centrally confirmed, locally
recurrent inoperable or metastatic triple-negative
breast cancer defined according to American
Society of Clinical Oncology—College of Ameri-
can Pathologists guidelines'; measurable dis-
ease according to the Response Evaluation Crite-
ria in Advanced Solid Tumors (RECIST), version

N ENGL ) MED 387;3

1.1"%; an Eastern Cooperative Oncology Group
performance-status score of 0 or 1 (on a 5-point
scale, with higher numbers indicating greater
disability)'}; and adequate organ function. Pa-
tients who completed treatment for stage I, II, or
III breast cancer were eligible if at least 6 months
had elapsed between completion of treatment
with curative intent (e.g., the date of primary
breast tumor surgery or the date of the last ad-
ministration of adjuvant chemotherapy, includ-
ing capecitabine, whichever occurred last) and
the first documented (by biopsy or imaging) lo-
cal or distant disease recurrence. Adjuvant radia-
tion therapy was acceptable for use during the
6-month interval requirement. Patients with new
metastatic triple-negative breast cancer at initial
diagnosis were also eligible for the trial. Patients
who received taxane, gemcitabine, or platinum
agents as neoadjuvant or adjuvant therapy could
be treated with the same class of chemotherapy
(a taxane or gemcitabine—carboplatin) if at least
12 months had elapsed between the completion
of treatment with curative intent and the first
documented local or distant disease recurrence.

Exclusion criteria were treatment with an in-
vestigational agent within 4 weeks before ran-
domization or previous therapy that targeted
programmed death 1, PD-L1, programmed death
ligand 2, or an agent directed at another coin-
hibitory T-cell receptor; active autoimmune dis-
ease warranting systemic treatment within the
previous 2 years; immunosuppressive therapy or
diagnosis of immunodeficiency within the previ-
ous 1 week; active central nervous system metas-
tases or carcinomatous meningitis (previously
treated stable brain metastases were permitted);
a history of noninfectious pneumonitis warrant-
ing glucocorticoids or current pneumonitis; or
any active infection warranting systemic therapy.

TRIAL DESIGN AND INTERVENTIONS

In this phase 3, randomized, double-blind, inter-
national trial, eligible patients were randomly
assigned in a 2:1 ratio to receive pembrolizumab
(200 mg every 3 weeks) plus chemotherapy (in-
vestigator’s choice of nanoparticle albumin-
bound [nab]-paclitaxel at a dose of 100 mg per
square meter of body-surface area on days 1, 8,
and 15 of every 28-day cycle; paclitaxel at a dose
of 90 mg per square meter on days 1, 8, and 15
of every 28-day cycle; or gemcitabine at a dose of
1000 mg per square meter plus carboplatin [area
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under the concentration—time curve, 2] on days
1 and 8 of every 21-day cycle) or placebo plus
chemotherapy for up to 35 intravenous adminis-
trations of pembrolizumab or placebo (chemo-
therapy was continued at the investigator’s dis-
cretion) or until confirmed disease progression
or unacceptable toxic effects had occurred or
withdrawal of consent or physician’s decision.
Chemotherapy was administered on an open-la-
bel basis. A central interactive voice-response
system with an integrated Web-response system
was used for randomization. Stratification fac-
tors were the type of chemotherapy received
during the trial (a taxane or gemcitabine—carbo-
platin), tumor PD-L1 expression (CPS >1 or CPS
<1), and previous treatment with the same class
of neoadjuvant or adjuvant chemotherapy as that
received during the trial (yes or no).

ASSESSMENTS

As described previously,® response was assessed
by imaging every 8 weeks until week 24, then
every 9 weeks during the first year, and every 12
weeks thereafter on the basis of RECIST, version
1.1, by blinded independent central review.
After verified disease progression or initiation of
new anticancer therapy, patients were monitored
for survival status every 12 weeks. Baseline PD-L1
expression in archival or newly obtained forma-
lin-fixed tumor samples was assessed at a cen-
tral laboratory with the use of PD-L1 IHC 22C3
pharmDx (Agilent Technologies) and character-
ized according to the CPS.

Adverse events were monitored throughout
the trial and for 30 days (90 days for serious
adverse events) after discontinuation of the trial
regimen and graded according to the National
Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.0.%* Immune-medi-
ated adverse events were determined on the ba-
sis of a prespecified list of Medical Dictionary for
Regulatory Activities (MedDRA) terms, which was
updated with each new version of MedDRA.

END POINTS

The primary end points were progression-free
survival according to RECIST, version 1.1, as as-
sessed by means of blinded independent central
review, and overall survival among patients
whose tumors expressed PD-L1 with a CPS of 10
or more (the CPS-10 subgroup), among patients
whose tumors expressed PD-L1 with a CPS of 1 or

more (the CPS-1 subgroup), and in the intention-
to-treat population. Secondary efficacy end points
included objective response, the duration of re-
sponse, and disease control (complete response
plus partial response plus stable disease for >24
weeks), all according to RECIST, version 1.1, and
assessed by means of blinded independent cen-
tral review. Safety was assessed among all pa-
tients who had received at least one dose of
pembrolizumab, placebo, or chemotherapy.

TRIAL OVERSIGHT
The trial was developed by academic advisors
and employees of the sponsor. An external, in-
dependent data and safety monitoring commit-
tee oversaw the trial, periodically assessed safe-
ty, and assessed efficacy at prespecified interim
analyses. The trial protocol and all amendments
were approved by the appropriate ethics body at
each participating institution. All patients pro-
vided written informed consent before enrollment.
All authors attest that the trial was conducted
in accordance with the protocol, its amend-
ments, and standards of Good Clinical Practice.
The first draft of the manuscript was written by
the first author with editorial assistance provid-
ed by a medical writer employed by the sponsor.
All authors approved the submitted manuscript
and vouch for the accuracy and completeness of
the data and the fidelity of the trial to the pro-
tocol (available with the full text of this article
at NEJM.org).

STATISTICAL ANALYSIS

Details of the statistical analysis have been pub-
lished previously.’® In brief, efficacy was as-
sessed in the intention-to-treat population,
which included all patients who underwent ran-
domization; safety was assessed among patients
who underwent randomization and received at
least one dose of pembrolizumab or placebo.
The nonparametric Kaplan—Meier method was
used to estimate progression-free survival, over-
all survival, and response curves in each group.
The primary progression-free survival and over-
all survival hypotheses were tested with the use
of the stratified log-rank test; hazard ratios and
associated 95% confidence intervals were ana-
lyzed with the use of a stratified Cox proportional-
hazards model with Efron’s method of tie han-
dling to assess the magnitude of the between-group
difference. The confidence intervals reported
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here are two-sided. The stratified Miettinen and
Nurminen method® with strata weighting ac-
cording to sample size was used to compare
objective response and disease control between
the two groups. The same stratification factors
used for randomization were used in all strati-
fied analyses.

The primary purpose of the final analysis was
to perform formal statistical testing of overall
survival. Formal statistical testing of other effi-
cacy end points was completed at previous pre-
specified interim analyses, and updated descrip-
tive analyses are provided. The familywise type I
error rate across the primary and secondary hy-
potheses was strongly controlled at a two-sided
alpha level of 0.05, which was split among the
end points of progression-free survival (0.01),
overall survival (0.036), and objective response
(0.004) (see the Supplementary Appendix, avail-
able at NEJM.org). The group sequential method
was used to allocate alpha between the interim
and final analyses of overall survival, and alpha
could be reallocated among hypotheses with the
use of the graphical approach of Maurer and
Bretz.!® For the analysis of overall survival, the
initial alpha was assigned to the CPS-10 sub-
group and the CPS-1 subgroup; the prespecified
statistical criteria for this final analysis were an
alpha level of 0.0227 for the CPS-10 subgroup
and an alpha level of 0.013 (if the results for
overall survival in the CPS-10 subgroup were not
significant) or 0.0344 (if the results for overall
survival in the CPS-10 subgroup were signifi-
cant) for the CPS-1 subgroup. Overall survival in
the intention-to-treat population could be tested
only if the criterion for success with respect to
overall survival in the CPS-1 subgroup was met.
With a target of 240 deaths in the CPS-10 sub-
group, the trial had an overall power of 79% to
show superiority with respect to overall survival
of pembrolizumab plus chemotherapy as com-
pared with placebo plus chemotherapy at an
initial two-sided overall alpha level of 0.02022
(before alpha reallocation), with an underlying
hazard ratio of 0.65. The final analysis of overall
survival was planned to be performed after ap-
proximately 664 deaths had occurred among all
patients, approximately 482 deaths had occurred
in the CPS-1 subgroup, and approximately 240
deaths had occurred in the CPS-10 subgroup.
The protocol stated that the trial groups would
be compared with the use of one-sided P values;

however, in accordance with Journal policy, two-
sided P values are reported here. Therefore, the
two-sided overall alpha level and two-sided al-
pha boundaries are provided. The full statistical
analysis plan is available with the protocol.

RESULTS

PATIENTS AND INTERVENTIONS

From January 2017 through June 2018, a total of
847 patients from 209 sites in 29 countries un-
derwent randomization: 566 patients were as-
signed to the pembrolizumab—chemotherapy group
and 281 to the placebo—chemotherapy group
(Fig. S1 in the Supplementary Appendix). At the
data-cutoff date (June 15, 2021), the median
time since randomization was 44.1 months
(range, 36.1 to 53.2). As reported previously,”
the baseline characteristics of the patients were
well balanced between the two groups, and the
baseline characteristics of the patients in the CPS-1
subgroup (636 patients [75.1%)]) and the CPS-10
subgroup (323 patients [38.1%]) were similar to
those of the intention-to-treat population (Table
S1). Details regarding the representativeness of
the trial patients are provided in Table S2. The
median duration of exposure was 26.4 weeks in
the pembrolizumab—chemotherapy group and
23.1 weeks in the placebo—chemotherapy group
(Table S3).

OVERALL SURVIVAL

In the CPS-10 subgroup, 155 of 220 patients
(70.5%) in the pembrolizumab—chemotherapy
group and 84 of 103 patients (81.6%) in the pla-
cebo—chemotherapy group died. The median
overall survival was 23.0 months (95% confi-
dence interval [CI], 19.0 to 26.3) in the pembro-
lizumab—chemotherapy group and 16.1 months
(95% CI, 12.6 to 18.8) in the placebo—chemo-
therapy group (hazard ratio for death, 0.73; 95%
CI, 0.55 to 0.95; two-sided P=0.0185) (Fig. 1A).
According to the prespecified criterion for statis-
tical significance for the final analysis (an alpha
level of 0.0227), the addition of pembrolizumab
to chemotherapy resulted in significantly longer
overall survival than chemotherapy alone. The
estimated overall survival at 18 months was
58.3% (95% CI, 51.4 to 64.5) in the pembrolizu-
mab—chemotherapy group and 44.7% (95% CI,
349 to 53.9) in the placebo—chemotherapy

group.
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In the CPS-1 subgroup, 336 of 425 patients
(79.1%) in the pembrolizumab—chemotherapy
group and 177 of 211 patients (83.9%) in the
placebo—chemotherapy group died. The median
overall survival was 17.6 months (95% CI, 15.5
to 19.5) in the pembrolizumab—chemotherapy
group and 16.0 months (95% CI, 12.8 to 17.4) in
the placebo—chemotherapy group (hazard ratio
for death, 0.86; 95% CI, 0.72 to 1.04; two-sided
P=0.1125) (Fig. 1B). No significant between-
group difference in overall survival was observed
according to the prespecified criterion (an alpha
level of 0.0344). The estimated overall survival at
18 months was 48.4% (95% CI, 43.5 to 53.0) in
the pembrolizumab—chemotherapy group and
41.4% (95% CI, 34.7 to 48.0) in the placebo—che-
motherapy group.

In the intention-to-treat population, 460 of
566 patients (81.3%) in the pembrolizumab—che-
motherapy group and 238 of 281 patients (84.7%)
in the placebo—chemotherapy group died. The
median overall survival was 17.2 months (95%
CI, 15.3 to 19.0) in the pembrolizumab—chemo-
therapy group and 15.5 months (95% CI, 13.9 to
17.2) in the placebo—chemotherapy group (haz-
ard ratio for death, 0.89; 95% CI, 0.76 to 1.05)
(Fig. 1C). Significance was not tested because of
the prespecified multiplicity strategy. The esti-
mated overall survival at 18 months was 47.8%
(95% CI, 43.6 to 51.9) in the pembrolizumab—
chemotherapy group and 41.8% (95% CI, 36.0 to
47.5) in the placebo—chemotherapy group. Log-
log survival plots are provided in Figure S2 to
support the proportional-hazards assumption
for overall survival.

The treatment effect of pembrolizumab on
overall survival increased with higher PD-L1 ex-
pression, with similar treatment effects ob-
served among patients whose tumors expressed
PD-L1 with a CPS of 10 or more and among
those whose tumors expressed PD-L1 with a CPS
of 20 or more (Fig. 2). The exploratory analysis
of overall survival according to additional CPS
cutoffs showed similar overall survival in the
pembrolizumab—chemotherapy group and the
placebo—chemotherapy group among patients
whose tumors expressed PD-L1 with a CPS of
less than 1 (hazard ratio, 0.97; 95% CI, 0.72 to
1.32) and among patients whose tumors ex-
pressed PD-L1 with a CPS of 1 to 9 (hazard ratio,
1.09; 95% CI, 0.85 to 1.40). The relative benefit
of adding pembrolizumab to chemotherapy was

similar among patients whose tumors expressed
PD-L1 with a CPS of 10 to 19 (hazard ratio, 0.71;
95% CI, 0.46 to 1.09) and among those whose
tumors expressed PD-L1 with a CPS of 20 or
more (hazard ratio, 0.72; 95% CI, 0.51 to 1.01)
(Fig. S3). The results of the analysis of overall
survival in prespecified subgroups are shown in
Figure S4.

PROGRESSION-FREE SURVIVAL

The median progression-free survival in the CPS-10
subgroup was 9.7 months in the pembrolizumab—
chemotherapy group and 5.6 months in the
placebo—chemotherapy group (hazard ratio for
progression or death, 0.66; 95% CI, 0.50 to
0.88). In the CPS-1 subgroup, the median pro-
gression-free survival was 7.6 months in the
pembrolizumab—chemotherapy group and 5.6
months in the placebo—chemotherapy group
(hazard ratio, 0.75; 95% CI, 0.62 to 0.91). In the
intention-to-treat population, the median pro-
gression-free survival in the two groups was 7.5
and 5.6 months, respectively (hazard ratio, 0.82;
95% CI, 0.70 to 0.98) (Fig. S5).

TUMOR RESPONSE

In the CPS-10 subgroup, a confirmed objective
response occurred in 116 of 220 patients (52.7%)
in the pembrolizumab—chemotherapy group and
in 42 of 103 (40.8%) in the placebo—chemother-
apy group. In the CPS-1 subgroup, a confirmed
objective response occurred in 191 of 425 pa-
tients (44.9%) in the pembrolizumab—chemo-
therapy group and in 82 of 211 (38.9%) in the
placebo—chemotherapy group. In the intention-
to-treat population, a confirmed objective re-
sponse occurred in 231 of 566 patients (40.8%)
in the pembrolizumab—chemotherapy group and
in 104 of 281 (37.0%) in the placebo—chemo-
therapy group (Table S4). Among patients with a
confirmed objective response, the duration of
response was longer in the pembrolizumab—che-
motherapy group than in the placebo—chemo-
therapy group. In the CPS-10 subgroup, the me-
dian duration of response was 12.8 months in
the pembrolizumab—chemotherapy group and
7.3 months in the placebo—chemotherapy group
(Table S4 and Fig. S6).

SAFETY
Adverse events of any grade that were consid-
ered by the investigator to be related to the trial
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Figure 1 (facing page). Overall Survival.

Shown are Kaplan—Meier estimates of overall survival
among patients whose tumors expressed programmed
death ligand 1 (PD-L1) with a combined positive score
(CPS) of 10 or more (CPS-10 subgroup) (Panel A), among
patients whose tumors expressed PD-L1 with a CPS of
1 or more (CPS-1 subgroup) (Panel B), and in the inten-
tion-to-treat population (Panel C). The CPS is the num-
ber of PD-L1-staining cells (tumor cells, lymphocytes,
and macrophages) divided by the total number of via-
ble tumor cells, multiplied by 100. Tick marks represent
data censored at the last time the patient was known to
be alive. The hazard ratios and confidence intervals were
analyzed on the basis of a Cox regression model with
treatment group as a covariate, with stratification ac-
cording to the randomization stratification factors of
the type of chemotherapy received in the trial (a taxane
or gemcitabine—carboplatin), tumor PD-L1 expression
(CPS =1 or CPS <1), and previous treatment with the
same class of neoadjuvant or adjuvant chemotherapy as
that received in the trial (yes or no). The prespecified
statistical criteria for significance for this final analysis
were an alpha level of 0.0227 for the CPS-10 subgroup
and an alpha level of 0.013 (if the results for overall sur-
vival in the CPS-10 subgroup were not significant) or
0.0344 (if the results for overall survival in the CPS-10
subgroup were significant) for the CPS-1 subgroup.

tients in the pembrolizumab—chemotherapy
group and in 45.9% in the placebo—chemo-
therapy group), neutropenia (in 41.1% and
38.1%, respectively), and nausea (in 39.3% and
41.3%, respectively) were the most common
adverse events (Table 1). Adverse events relat-
ed to the trial regimen that were of grade 3 or
higher occurred in 68.1% and 66.9% of the
patients in the two groups, respectively. As
reported previously,'® adverse events related to
the trial regimen led to death in 2 patients
(0.4%) in the pembrolizumab—chemotherapy
group (1 from acute kidney injury and 1 from
pneumonia) and in no patients in the place-
bo—chemotherapy group.

Immune-mediated adverse events occurred in
26.5% of the patients in the pembrolizumab—
chemotherapy group and in 6.4% in the placebo—
chemotherapy group (Table 1); these events were
of grade 3 or 4 in 5.3% of the patients in the
pembrolizumab—chemotherapy group and in no
patients in the placebo—chemotherapy group.
No patients died due to immune-mediated ad-

regimen occurred in 96.3% of 562 patients in
the pembrolizumab—chemotherapy group and
in 95.0% of 281 patients in the placebo—che-
motherapy group. Anemia (in 49.1% of pa-

verse events. The most common immune-medi-
ated adverse events were hypothyroidism (in
15.8% in the pembrolizumab—chemotherapy
group and in 3.2% in the placebo—chemothera-
py group) and hyperthyroidism (in 4.3% and
1.1%, respectively).

Subgroup No. of Patients Median Overall Survival Hazard Ratio for Death (95% Cl)
Pembrolizumab—  Placebo—
chemotherapy chemotherapy
mo

Overall 847 17.2 15.5 — 0.89 (0.76-1.05)
PD-L1 CPS cutoff of 1

CPS =1 636 17.6 16.0 —— 0.86 (0.72-1.04)

CPS<1 211 16.2 14.7 —— 0.97 (0.72-1.32)
PD-L1 CPS cutoff of 10

CPS =10 323 23.0 16.1 —— 0.71 (0.54-0.93)

CPS <10 524 14.7 15.2 —— 1.04 (0.85-1.26)
PD-L1 CPS cutoff of 20

CPS =20 204 24.0 15.6 —— 0.72 (0.51-1.01)

CPS <20 643 15.9 15.5 —e— 0.96 (0.80-1.14)
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sion model; the subgroup analyses used the unstratified

Figure 2. Overall Survival in Subgroups According to PD-
The analysis (hazard ratios and 95% confidence intervals) in the overall population used the stratified Cox regres-

L1 CPS Status at Baseline.

Cox model.
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Table 1. Adverse Events.*
Pembrolizumab—Chemotherapy Placebo—Chemotherapy
Event (N=562) (N=281)
Any Grade Grade 3,4, 0r5 Any Grade Grade 3,4,0r5
number of patients (percent)
Any adverse event 554 (93.6) 438 (77.9) 276 (98.2) 207 (73.7)
Adverse events that were attributed to 541 (96.3) 383 (68.1) 267 (95.0) 188 (66.9)
the trial regiment
Anemia 276 (49.1) 93 (16.5) 129 (45.9) 41 (14.6)
Neutropenia 231 (41.1) 167 (29.7) 107 (38.1) 84 (29.9)
Nausea 221 (39.3) 9 (1.6) 116 (41.3) 4(1.4)
Alopecia 186 (33.1) 5(0.9) 94 (33.5) 3(L.1)
Fatigue 161 (28.6) 16 (2.8) 84 (29.9) 7(2.5)
Neutrophil count decreased 126 (22.4) 98 (17.4) 74 (26.3) 57 (20.3)
Alanine aminotransferase 115 (20.5) 34 (6.0) 46 (16.4) 13 (4.6)
increased

Immune-mediated adverse eventsi 149 (26.5) 30 (5.3) 18 (6.4) 0
Hypothyroidism 89 (15.8) 2 (0.4) 9 (3.2) 0
Hyperthyroidism 24 (4.3) 1(0.2) 3 (L) 0
Pneumonitis 14 (2.5) 6 (1.1) 0 0
Colitis 10 (1.8) 2(0.4) 4(1.4) 0
Severe skin reactions 10 (1.8) 10 (1.8)§ 1 (0.4) 0

* Safety was assessed in all patients who had undergone randomization and received at least one dose of pembrolizu-
mab, placebo, or chemotherapy. Listed are adverse events that occurred during the treatment period or within the 30
days thereafter (within 90 days for serious adverse events). Events are listed in descending order of frequency in the pem-
brolizumab—chemotherapy group. The severity of adverse events was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 4.0. Patients may have had more than one adverse event.

7 Adverse events that were determined by the investigator to be related to the trial regimen and occurred in at least 20%
of patients or events that were considered medically relevant are reported.

I Immune-mediated adverse events were those included in a list of terms specified by the sponsor and were assessed
regardless of attribution to the trial regimen. Events that occurred in at least 10 patients are reported.

§ Severe skin reactions included pruritus (in 1 patient), rash (in 4 patients), and maculopapular rash (in 6 patients).

DISCUSSION

The results of the protocol-specified second inter-
im analysis of this trial showed that pembrolizu-
mab plus chemotherapy resulted in significantly
longer progression-free survival than chemo-
therapy alone among patients whose tumors
expressed PD-L1 with a CPS of 10 or more.!’ The
results of this protocol-specified final analysis
showed that pembrolizumab plus chemotherapy
also resulted in significantly longer overall sur-
vival than chemotherapy alone among patients
whose tumors expressed PD-L1 with a CPS of 10
or more. The significance boundary for an over-
all survival benefit of pembrolizumab plus chemo-
therapy in the CPS-1 subgroup was not crossed,
and formal testing in the intention-to-treat

population was not performed. The results of an
exploratory analysis of overall survival according
to additional CPS cutoffs showed a consistent
benefit with the addition of pembrolizumab
among patients whose tumors expressed PD-L1
with a CPS of 10 to 19 and among those whose
tumors expressed PD-L1 with a CPS of 20 or
more; this finding provides further support that
a CPS of 10 or more is an appropriate criterion
to define the population of patients with ad-
vanced triple-negative breast cancer who would
be expected to derive benefit from pembrolizu-
mab plus chemotherapy.

As in the interim analysis,’® pembrolizumab
plus chemotherapy provided a greater reduction
in the risk of disease progression or death than
chemotherapy alone; in the CPS-10 subgroup,
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the percentage of patients with progression-free
survival at 12 months was approximately 16 per-
centage points higher in the pembrolizumab-
chemotherapy group than in the placebo—che-
motherapy group. The updated results for
progression-free survival in the CPS-1 subgroup
and the intention-to-treat population are also
consistent with the previous results.”® Similarly,
the percentage of patients with an objective re-
sponse is consistent with the previous interim
data' and remains higher with pembrolizumab
plus chemotherapy than with chemotherapy alone
in both subgroups and in the intention-to-treat
population, with the greatest benefit observed in
the CPS-10 subgroup. Responses in the pembrolizu-
mab—chemotherapy group were durable over lon-
ger follow-up, with the longest duration of re-
sponse observed in the CPS-10 subgroup.

Our results build on findings from earlier
trials involving patients with metastatic triple-
negative breast cancer that showed greater single-
agent activity with pembrolizumab and other
immune checkpoint inhibitors with increasing
PD-L1 expression.”®1#20 By contrast, the efficacy of
neoadjuvant pembrolizumab plus chemotherapy
followed by adjuvant pembrolizumab in early-
stage triple-negative breast cancer was indepen-
dent of PD-L1 expression.”»* Together with
similar observations in studies of atezolizumab
for metastatic and early triple-negative breast
cancer,?*?* these observations suggest a differen-
tial role of baseline tumor PD-L1 expression in
the efficacy of immune checkpoint inhibition for
early-stage as compared with late-stage disease.

Our findings are generally consistent with
those of the phase 3 IMpassion130 trial, which
showed that the addition of atezolizumab to
nab-paclitaxel as first-line treatment of meta-
static triple-negative breast cancer resulted in
significantly longer progression-free survival
than placebo plus nab-paclitaxel (hazard ratio
for progression or death, 0.80; 95% CI, 0.69 to
0.92; P=0.002 [in the intention-to-treat popula-
tion]; hazard ratio, 0.62; 95% CI, 0.49 to 0.78;
P<0.001 [among patients with PD-L1-positive
tumors, with the use of a different assay])** and
numerically longer overall survival among pa-
tients with PD-L1-positive tumors than among
patients with PD-Ll-negative tumors (hazard
ratio, 0.67; 95% CI, 0.53 to 0.86 [significance not
formally tested]).”® In the IMpassion131 trial,
which evaluated a different chemotherapy back-
bone (paclitaxel rather than nab-paclitaxel),®

combining atezolizumab with paclitaxel did not
prolong progression-free survival or overall sur-
vival among patients with metastatic triple-neg-
ative breast cancer in either the PD-L1-positive
or the intention-to-treat populations. In our trial,
the benefit of pembrolizumab in the CPS-10
subgroup was observed with both paclitaxel and
nab-paclitaxel, although these results should be
interpreted with caution owing to the small
number of patients who received paclitaxel.

After longer follow-up, the safety profile of
pembrolizumab in combination with chemo-
therapy remained consistent with that in the
previous analyses,!® with no evidence of cumula-
tive toxic effects. Adverse events were consistent
with the known safety profiles of pembrolizumab
and the chemotherapy regimens, with no new
safety signals. The most frequent adverse events
related to the trial regimen in both groups (ane-
mia, neutropenia, and nausea) reflect toxic ef-
fects typically associated with chemotherapy,
and the addition of pembrolizumab did not in-
crease the incidence of these adverse events or
compromise exposure to chemotherapy. As in
the interim analysis,® the higher incidence of
immune-mediated adverse events in the pembro-
lizumab—chemotherapy group than in the pla-
cebo—chemotherapy group was primarily driven
by hypothyroidism and hyperthyroidism. Over-
all, these events were generally low grade and
were manageable with dose interruptions and
appropriate use of supportive care.

In this trial, first-line treatment with pembro-
lizumab—chemotherapy resulted in significantly
longer overall survival than chemotherapy alone
among patients with advanced triple-negative
breast cancer whose tumors expressed PD-L1
with a CPS of 10 or more.
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