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Highlights

KEYNOTE-522 evaluated neoadjuvant pembrolizumab+chemo/adjuvant pembrolizumab
vs neoadjuvant chemo alone in early TNBC.

Neoadjuvant pembrolizumab+chemo/adjuvant pembrolizumab significantly improved
pCR/EFS vs neoadjuvant chemo alone.

We explored the effect of adding pembrolizumab to chemo on outcomes by RCB
category.

Pembrolizumab not only increased pCR rates, but also improved EFS among many
patients who do not have a pCR.

Findings support neoadjuvant pembrolizumab+chemo/adjuvant pembrolizumab as a

standard of care treatment in early TNBC.



ABSTRACT

Background: KEYNOTE-522 demonstrated statistically significant improvements in
pathological complete response (pCR) with neoadjuvant pembrolizumab plus chemotherapy and
event-free survival (EFS) with neoadjuvant pembrolizumab plus chemotherapy followed by
adjuvant pembrolizumab in patients with high-risk, early-stage triple-negative breast cancer
(TNBC). Prior studies have shown the prognostic value of the residual cancer burden (RCB)
index to quantify the extent of residual disease after neoadjuvant chemotherapy. In this
preplanned exploratory analysis, we assessed RCB distribution and EFS within RCB categories
by treatment group.

Patients and Methods: 1174 patients with stage T1c/N1-2 or T2-4/N0-2 TNBC were
randomized 2:1 to pembrolizumab 200 mg or placebo Q3W given with 4 cycles of paclitaxel +
carboplatin, followed by 4 cycles of doxorubicin or epirubicin + cyclophosphamide. After
surgery, patients received pembrolizumab or placebo for 9 cycles or until recurrence or
unacceptable toxicity. Primary endpoints are pCR and EFS. RCB is a prespecified exploratory
endpoint. The association between EFS and RCB was assessed using a Cox regression model.
Results: Pembrolizumab shifted patients into lower RCB categories across the entire spectrum
compared to placebo. There were more patients in the pembrolizumab group with RCB-0 (pCR),
and fewer patients in the pembrolizumab group with RCB-1, RCB-2, and RCB-3. The
corresponding hazard ratios (95% ClIs) for EFS were 0.70 (0.38-1.31), 0.92 (0.39-2.20), 0.52
(0.32-0.82), and 1.24 (0.69-2.23). The most common first EFS events were distant recurrences,
with fewer in the pembrolizumab group across all RCB categories. Among patients with RCB-
0/1, over half (21/38 [55.3%)]) of all events were central nervous system recurrences, with 13/22

(59.1%) in the pembrolizumab group and 8/16 (50.0%) in the placebo group.



Conclusion: Addition of pembrolizumab to chemotherapy resulted in fewer EFS events in the
RCB-0, RCB-1, and RCB-2 categories, with the greatest benefit in RCB-2. These findings
demonstrate that pembrolizumab not only increased pCR rates, but also improved EFS among

most patients who do not have a pCR.

Trial Registration: Clinicaltrials.gov registration, NCT03036488

Keywords: chemotherapy, event-free survival, immunotherapy, pembrolizumab, residual cancer

burden, triple-negative breast cancer



INTRODUCTION

Triple-negative breast cancer (TNBC) is the most difficult breast cancer subtype to treat due to
limited therapeutic options. 2 Neoadjuvant chemotherapy (NAC) is commonly used for the
treatment of patients with newly diagnosed TNBC because it allows for pathological response-
guided adjuvant therapy.®® Nevertheless, an elevated risk for disease recurrence and death
remains, underscoring the importance of additional therapies to augment the effectiveness of

NAC.

KEYNOTE-522 is a randomized, placebo-controlled, phase 3 trial of pembrolizumab in early-
stage, high-risk TNBC in both the neoadjuvant and adjuvant settings. The primary results
showed statistically significant and clinically meaningful improvements in pathological complete
response (pCR) with pembrolizumab plus NAC, and in event-free survival (EFS) with
pembrolizumab plus NAC followed by adjuvant pembrolizumab. The primary pCR analysis
based on the first 602 patients enrolled showed an increase in pCR (defined as pathological stage
ypTO/Tis ypNO at the time of definitive surgery) of 13.6 percentage points (P=0.00055) with the
addition of pembrolizumab to NAC.® At the definitive EFS analysis based on the entire
intention-to-treat population (n=1174), the addition of pembrolizumab to NAC followed by
adjuvant pembrolizumab, as compared with NAC alone, resulted in a 37% reduction in the risk
of disease progression that precluded definitive surgery, a local or distant recurrence, a second
primary tumor, or death from any cause.® Based on these results, pembrolizumab combined with
chemotherapy as neoadjuvant treatment and then continued as single-agent adjuvant treatment

after surgery has been approved for the treatment of patients with high-risk, early-stage TNBC.!



Prior studies have shown the prognostic value of the residual cancer burden (RCB) index to
quantify the extent of residual disease after NAC.*? The RCB methodology combines pathologic
measurements of primary tumor size, tumor cellularity, the number of positive nodes, and the
size of nodal metastases into a single score,*® which has been validated for its prognostic value
across all breast cancer subtypes.'* The RCB scores can be grouped into 4 categories: RCB-0 is
equivalent to pCR, and RCB categories -1, -2, and -3 correspond to increasingly larger residual
cancer after NAC, each with distinct survival probabilities. In the current prespecified
exploratory analysis, we evaluated EFS within RCB categories for all patients in KEYNOTE-
522, and report the distribution of first EFS events by RCB category and treatment group. We
also present results for the patient subsets that completed full chemotherapy versus less than full

chemotherapy.



PATIENTS AND METHODS

Study Design and Patients

Detailed methods for the ongoing phase 3, randomized, double-blind, placebo-controlled
KEYNOTE-522 study (ClinicalTrials.gov, NCT03036488) were published previously.® 0 In
brief, adult patients with centrally confirmed, newly diagnosed, previously untreated,
nonmetastatic TNBC (tumor stage T1c, nodal stage N1-2 or tumor stage T2—4, nodal stage
NO-2 per American Joint Committee on Cancer, 7th edition'®) as determined by investigator
radiologic or clinical assessment were eligible. Patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance status score of 0 or 1 and provide a tissue
sample available for PD-L1 assessment. Patients were eligible for the study regardless of PD-L1

expression.

All patients provided written informed consent before enrollment. The study was conducted in
accordance with the protocol and its amendments and with the standards of Good Clinical
Practice. An external, independent data monitoring committee oversaw the study, periodically

assessed safety, and assessed efficacy at prespecified interim analyses.

Randomization and Study Treatment

Patients were stratified before randomization based on nodal status (positive or negative), tumor
size (T1-T2 or T3-T4), and schedule of carboplatin administration (weekly or every 3 weeks).
Randomization was done using a central interactive voice-response system with an integrated
Web-response system. Patients were randomized 2:1 to receive either pembrolizumab or

placebo. In the first neoadjuvant phase (cycles 1-4), patients received intravenous



pembrolizumab (200 mg every 3 weeks) or placebo in combination with carboplatin (area under
the concentration—time curve 5 mg/mL/min every 3 weeks or 1.5 mg/mL/min weekly) plus
paclitaxel (80 mg/m? weekly). In the second neoadjuvant phase (cycles 5-8), patients continued
treatment with pembrolizumab or placebo in combination with doxorubicin or epirubicin (60
mg/m? or 90 mg/m?, respectively, every 3 weeks) and cyclophosphamide (600 mg/m? every 3
weeks). Following surgery, patients received adjuvant therapy with either intravenous
pembrolizumab (200 mg every 3 weeks) or placebo for 9 cycles. Adjuvant capecitabine was not
allowed. Patients who completed or discontinued the first neoadjuvant treatment could start the
second neoadjuvant treatment or undergo surgery; patients who completed the second
neoadjuvant treatment could proceed to surgery. Patients discontinued treatment if they had
disease progression, recurrence, or adverse events. Patients who discontinued pembrolizumab or
placebo due to adverse events during the neoadjuvant phase were not allowed to receive

pembrolizumab or placebo after surgery.

Endpoints

The study’s primary endpoints were pCR (ypTO0/Tis ypNO) at the time of definitive surgery and
EFS. RCB was a prespecified exploratory endpoint. In the current analysis, EFS within RCB
categories was evaluated for all patients, and the distribution of first EFS events was assessed by
RCB category and treatment group. Outcomes in the patient subsets that completed full

chemotherapy versus less than full chemotherapy were analyzed post hoc.

Assessments



Pathological complete response was assessed after completion of neoadjuvant therapy as

determined by a local pathologist who was blinded to treatment group assignment. Follow-up for

disease status and survival occurred every 3 months for the first 2 years, every 6 months from

years 3 to 5, and yearly thereafter. EFS was assessed by the investigator and defined as the time

from randomization to the first occurrence of disease progression that precluded definitive

surgery, local or distant recurrence, a second primary cancer, or death from any cause. RCB was

assessed by the local pathologist at the time of definitive surgery.*®

Statistical Analyses

No alpha was assigned to these nonrandomized exploratory analyses, and the results reported
herein are descriptive only; instead of statistical significance, only 95% confidence intervals
(Cls) are reported. Event-free survival within RCB categories was assessed in the intention-to-
treat population, which included all randomized patients. For EFS, the hazard ratios (HRs) and
associated 95% Cls were estimated based on a Cox regression model with treatment as a
covariate. The impact of full exposure to chemotherapy defined as paclitaxel weekly x 10-12
doses, carboplatin weekly x 10-12 doses or carboplatin Q3W x 4 doses, and doxorubicin or

epirubicin concurrent with cyclophosphamide Q3W x 4 doses versus less than full exposure to

chemotherapy, regardless of exposure to pembrolizumab, on RCB category distribution and EFS

was examined post-hoc. For this analysis, the HRs and associated 95% Cls were based on an

unstratified Cox model.
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RESULTS

Patients

Between March 2017 and September 2018, 1174, patients were randomly assigned to treatment,
with 784 patients in the pembrolizumab group and 390 patients in the placebo group (Figure 1).
As reported previously, patient demographics and baseline disease characteristics were generally
balanced between the treatment groups.*® The median age was 48.5 years. Of the 1174 patients,
1019 (86.8%) had an ECOG performance status score of 0. A total of 973 patients (82.9%) had
tumors that were PD-L1 positive (CPS >1). Overall, 672 patients (57.2%) had received weekly
carboplatin in the study, 870 patients (74.1%) had a baseline tumor size of T1/T2, and 605
patients (51%) had nodal involvement. The median duration of follow-up was 39.1 months at the

March 23, 2021, data cutoff date.

Efficacy

Pembrolizumab moved patients into lower RCB categories across the entire spectrum compared
to placebo. There were more patients in the pembrolizumab group with RCB-0 (pCR) and fewer
patients in the pembrolizumab group with residual disease (Figure 2). A benefit of
pembrolizumab on EFS was observed among patients in the RCB-0, RCB-1, and RCB-2
categories. In the RCB-0 category, 26 of 497 patients (5.2%) in the pembrolizumab group and 16
of 219 patients (7.3%) in the placebo group experienced an EFS event (HR, 0.70 [95% ClI,
0.38-1.31]), and the 36-month EFS rates were 94.7% in the pembrolizumab group compared to
92.6% in the placebo group (Figure 3A). In the RCB-1 category, 12 of 69 patients (17.4%) in
the pembrolizumab group and 9 of 45 patients (20.0%) in the placebo group experienced an EFS

event (HR, 0.92 [95% CI, 0.93-2.20]), and the 36-month EFS rates were 84.4% versus 83.8%,

11



respectively (Figure 3B). In the RCB-2 category, 37 of 145 patients (25.5%) in the
pembrolizumab group and 35 of 79 patients (44.3%) in the placebo group experienced an EFS
event (HR, 0.52 [95% CI, 0.32—-0.82]), and the 36-month EFS rates were 75.7% versus 55.9%,
respectively (Figure 3C). In the RCB-3 category, 29 of 40 patients (72.5%) in the
pembrolizumab group and 18 of 26 patients (69.2%) in the placebo group experienced an EFS
event (HR, 1.24 [95% CI, 0.69-2.23]), and the 36-month EFS rates were 26.2% in the

pembrolizumab group compared to 34.6% in the placebo group (Figure 3D).

The most common first EFS event in both treatment groups was distant recurrence, which
occurred in fewer patients in the pembrolizumab group across all RCB categories, including
RCB-3 (Table 1). In the pembrolizumab and placebo groups, respectively, distant recurrences
were rare among patients in the RCB-0 category (3.2% and 5.5%) and the RCB-1 category (8.7%
and 8.9%, respectively), over half (55.3%) were central nervous system (CNS) events, with
13/22 (59.1%) in the pembrolizumab group and 8/16 (50.0%) in the placebo group; by contrast,
most first distant recurrences among patients with RCB-2 and RCB-3 were non-CNS events
(Table 1). The absence of an EFS benefit with pembrolizumab among patients in the RCB-3
category was driven by a higher rate of local recurrence as the first EFS event in the

pembrolizumab group (25.0%) compared to the placebo group (7.7%).

In the pembrolizumab and placebo groups, respectively, 75.2% versus 78.9% of patients had full
chemotherapy exposure. The pCR rate (RCB-0) was lower in patients who could not complete
full chemotherapy in both treatment groups. However, pembrolizumab reduced residual cancer

burden and improved the RCB-0 rate even among patients who had less than full chemotherapy

12



exposure (Figure 4A). In the subgroup of patients with full chemotherapy exposure, 85 of 585
patients (14.5%) in the pembrolizumab group and 67 of 307 patients (21.8%) in the placebo
group experienced an EFS event (0.64 [95% CI, 0.47-0.89]). In the subgroup of patients with
less than full chemotherapy exposure, 36 of 193 patients (18.7%) in the pembrolizumab group
and 26 of 82 patients (31.7%) in the placebo group experienced an EFS event (0.54 [95% ClI,

0.32-0.89]; Figure 4B).
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DISCUSSION

KEYNOTE-522 is the first prospective, phase 3, randomized controlled study of pembrolizumab
in patients with early-stage TNBC in the neoadjuvant and adjuvant settings. The primary results
showed statistically significant and clinically meaningful improvements in pCR with
neoadjuvant pembrolizumab plus chemotherapy and in EFS with neoadjuvant pembrolizumab
plus chemotherapy followed by adjuvant pembrolizumab, regardless of PD-L1 expression.® 10
Conversely, in patients with metastatic TNBC, a greater survival benefit of pembrolizumab is
observed with increasing PD-L1 expression.t”*® This difference may be due to a more
immunosuppressive tumor microenvironment in metastatic lesions compared to primary tumors,

which may hinder chemotherapy-induced PD-L1 expression in late-stage cancers.?%-?®

The present exploratory analyses demonstrate that the addition of pembrolizumab to neoadjuvant
chemotherapy not only increased the pCR rate, but also shifted RCB to lower categories across
the entire spectrum of patients with residual disease. This shift to lower residual cancer burden
among those with residual disease may explain the higher EFS benefit than would be expected
based on the improvement in pCR alone in the overall study population (63.4% vs. 56.2%).2
Along with the expected association of worse EFS with increased RCB categories in both
treatment groups, the addition of pembrolizumab also resulted in fewer EFS events in the RCB-
0, RCB-1, and RCB-2 categories, with the most pronounced benefit in RCB-2, which also
represents the largest fraction (55%) of patients with residual disease. The small subset of
patients in the RCB-3 category had poor prognosis in both treatment groups, indicating a highly
treatment-resistant subset of cancers and signaling a need for additional therapies in patients with

extensive residual disease. These results indicate that the EFS benefit from the addition of

14



pembrolizumab extends beyond patients who have a pCR to many of those with residual disease

at the time of definitive surgery.

The most common first EFS event in both treatment groups was distant metastatic recurrence.
Importantly, the addition of pembrolizumab led to a reduction in distant recurrence as the first
EFS event across all RCB categories, including RCB-3. Among patients with RCB-3 in the
pembrolizumab group, an unusually high proportion (25.0%) experienced local recurrence as the
first EFS event compared to patients in the placebo group (7.7%). This may reflect random
chance in this very small subset (n=66) of patients, particularly since lower local and distant
recurrence rates were observed in all other RCB categories. Although distant recurrences were
rare among patients with RCB-0 and RCB-1, nearly half of these were CNS events in both
treatment groups; by contrast, the majority of first distant recurrences among patients with RCB-
2 and RCB-3 were non-CNS events. Similar findings have been reported by the I-SPY
investigators.?* These results are consistent with the CNS being a treatment sanctuary site and
emphasize the importance of additional strategies to eradicate brain micrometastases among

patients who have a pCR.

In the post hoc analysis of patient subgroups defined by chemotherapy exposure, the increase in
RCB-0 (pCR) response with the addition of pembrolizumab was maintained regardless of full
versus less than full exposure to chemotherapy. These findings align with results from the
prespecified first interim analysis of KEYNOTE-522, showing a benefit of neoadjuvant
pembrolizumab plus chemotherapy on pCR in patients who received less than full

chemotherapy.? In patients with residual disease and less than full chemotherapy exposure, the

15



shift to lower RCB categories was generally consistent with that observed in the overall
population. Equally important, the addition of pembrolizumab prolonged EFS in patients with

full and less than full exposure to chemotherapy.

The present investigation has several limitations. In addition to the inherent weaknesses of
exploratory analyses, there were small numbers of patients in some groups, especially the RCB-3
category, which make the findings susceptible to random variation. Further, all the analyses were
non-randomized comparisons. The KEYNOTE-522 trial design does not allow distinguishing the
EFS benefit derived from the neoadjuvant versus adjuvant administration of pembrolizumab.
Finally, although the local pathologists were blinded to treatment assignment and required to
complete formal training in pathological staging, interobserver variability could be a source of
bias. However, multiple studies have demonstrated good reproducibility for RCB scores across
pathologists and consistent prognostic accuracy across data sets, leading to the endorsement of
RCB as a secondary endpoint for neoadjuvant trials in the Standardized Definitions for Efficacy
End Points in Neoadjuvant Breast Cancer Clinical Trials (NeoSTEEP) guidelines.?6-2
Notwithstanding these considerations, it is encouraging that the survival benefit with
pembrolizumab in patients with various extents of residual cancer is consistent with outcomes
from the global KEYNOTE-522 study, showing an EFS benefit from pembrolizumab which

exceeded that expected by the improvement in pCR alone.°

In summary, the present results show that the EFS benefit from pembrolizumab extends beyond

patients who have a pCR to many of those with residual disease at the time of definitive surgery

16



and is observed regardless of exposure to chemotherapy (full vs. < full). These findings support

the role of pembrolizumab for improving outcomes in patients with high-risk, early-stage TNBC.
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FIGURE LEGENDS

Figure 1. Trial Enrollment. Shown are data until the data-cutoff date of March 23, 2021. Patients
did not have to complete all neoadjuvant therapy to undergo surgery. No patients remained on

treatment at this interim analysis. ITT, intention-to-treat.

Figure 2. Residual Cancer Burden (RCB) category distribution.

Figure 3. Kaplan—Meier estimates of event-free survival in Residual Cancer Burden (RCB)
categories: (A) RCB-0 (equivalent to pCR); (B) RCB-1; (C) RCB-2; and (D) RCB-3. Tick marks

indicate censored data.

Figure 4. Post-hoc analysis of full chemotherapy versus less than full chemotherapy on (A)
Residual Cancer Burden (RCB) category distribution, and (B) Event-free survival. Full
chemotherapy exposure = (Paclitaxel Weekly 10-12 doses) and (Carboplatin Weekly 10-12
doses or Carboplatin Q3W 4 doses) and (Doxorubicin Q3W 4 doses or Epirubicin Q3W 4 doses)
and (Cyclophosphamide Q3W 4 doses). “Regardless of exposure to pembrolizumab. THRs and

95% Cls are based on an unstratified Cox model.
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Table 1. Summary of First EFS Events by RCB Category

Event RCB-0 RCB-1 RCB-2 RCB-3 Overall?
Pembro + | Placebo+ | Pembro + Placebo + | Pembro+ | Placebo + Pembro + | Placebo+ | Pembro+ | Placebo +
Chemo Chemo Chemo Chemo Chemo Chemo Chemo Chemo Chemo Chemo
N = 497 N =219 N =69 N =45 N = 145 N=79 N =40 N =26 N =784 N =390
Any EFS event 5.2% 7.3% 17.4% 20.0% 25.5% 44.3% 72.5% 69.2% 15.7% 23.8%
Secondary primary 0.2% 0 1.4% 2.2% 1.4% 3.8% 2.5% 0 0.8% 1.0%
malignancy
PD precluded 0 0 1.4% 2.2% 1.4% 5.1% 10.0% 7.7% 1.4% 3.8%
definitive surgery
Local recurrence 0.6% 1.4% 4.3% 6.7% 6.9% 8.9% 25.0% 7.7% 3.6% 4.4%
Distant recurrence 3.2% 5.5% 8.7% 8.9% 15.2% 22.8% 35.0% 53.8% 7.7% 13.1%
Brain only 1.8% 3.2% 4.3% 2.2% 2.1% 3.8% 2.5% 3.8% 2.0% 3.3%
Other onIyb 1.2% 2.3% 4.3% 6.7% 13.1% 19.0% 32.5% 46.2% 5.5% 9.5%
Brain and other® 0.2% 0 0 0 0 0 0 3.8% 0.1% 0.3%
Death 1.2% 0.5% 1.4% 0 0.7% 3.8% 0 0 1.9% 1.5%

4Includes patients with missing RCB data; among all patients (n=1174), 54 patients (4.6%) had missing RCB categorical data: 33 (4.2%) in the pembrolizumab
group and 21 (5.4%) in the placebo group. ®Other refers to non-brain distant recurrence sites, which were classified per clinical identification.

EFS, event free survival; RCB, residual cancer burden; PD, progressive disease.
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