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In early breast cancer, we integrate risk stratification and trial design, together with subtype, to focus on
clinical questions in specific patient populations. In the past, trials enrolled an “all-comers,” broadly-
defined population. More recently, trials enroll low-to intermediate-risk populations for whom testing
strategies to de-escalate therapy are appropriate, or intermediate-to high-risk populations for whom
testing additional and novel therapeutic strategies are needed. For example, in patients who have triple-
negative breast cancer, the presence of residual disease after neoadjuvant therapy has become an
approach to risk stratification for defining a trial population testing approaches to adjuvant therapy. In
patients with hormone receptor positive, HER2-negative breast cancer, trials testing the addition of
adjuvant CDK4/6 inhibitors to standard endocrine therapy have enrolled intermediate-to high-risk
populations using various definitions and with heterogeneous results. Results of the recent generation of
clinical trials testing systemic therapy for early breast cancer provide an opportunity to learn and
improve future trial designs and accelerate progress to innovation for patients.
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In early breast cancer, we integrate risk stratification and trial
design, according to breast cancer subtype, to answer questions
about the care of specific patient populations. Recent trials are
generally designed to enroll low-risk populations for whom testing
strategies to de-escalate systemic therapy are appropriate; or
intermediate-to high-risk populations for whom additional and
novel therapeutic strategies are needed. For patients diagnosed
with early-stage triple-negative breast cancer (TNBC), the addition
of immune checkpoint inhibitors (ICI) to neoadjuvant chemo-
therapy regimens have shown early favorable results [1,2]. For pa-
tients diagnosed with hormone receptor-positive (HRþ), HER2-
negative early breast cancer, several trials have added-on adju-
vant CDK4/6 inhibitors to standard endocrine therapy, using
various criteria to define an intermediate-to-high risk trial popu-
lation, with mixed results [3e5]. The early results of these trials
raise questions to consider for future trial design and risk
stratification.
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2. Trials in populations who receive neoadjuvant therapy

For patients who have early HER2þ or TNBC, the response to
neoadjuvant systemic therapy, as measured by absence or presence
of residual invasive disease in the breast and lymph nodes (i.e.,
pathologic complete response (pCR)), has become an approach to
risk stratification for defining a trial population for testing adjuvant
therapy regimens. The meta-analysis of Cortazar et al. [6] and other
research have demonstrated the prognostic role of pCR vs. residual
disease after neoadjuvant systemic therapy for risk stratification,
based upon chemotherapeutic regimens (with HER2-directed
therapy in the HER2þ population). Might the addition of ICIs to
neoadjuvant regimens for TNBC affect this strategy?

One approach to trial design enrolls patients after neoadjuvant
therapy is complete and post-treatment surgical specimens are
assessed for pCR or residual disease. This response to neoadjuvant
therapy is used as eligibility for clinical trials testing questions
about either escalation of adjuvant therapy for patients with re-
sidual disease, or perhaps de-escalation of adjuvant therapy for
patients who have pCR. In such trials, post-surgery invasive
disease-free survival (iDFS) is frequently used as the primary
endpoint. The clinical utility of this design for adjuvant therapy
escalation was demonstrated in the TNBC cohort of the Create-X
trial [7] and the KATHERINE trial for HER2þ breast cancer [8].
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Both trials enrolled patients with residual disease, and meaningful
absolute improvements in 3-year iDFS relative to the control
treatment groups were observed with escalation of therapy (83% vs
74% 3-year iDFS in Create-X; 88.3% vs 77.0% 3-year iDFS in
KATHERINE).

A second approach to trial design enrolls previously-untreated
patients, who are randomly allocated to experimental or control
neoadjuvant therapies, which may or may not continue after sur-
gery as adjuvant therapy [9]. The post-treatment surgical speci-
mens are assessed for pCR or presence of residual disease, which is
frequently used as the primary e or a co-primary eendpoint of the
trial; it has not however had a risk stratification role in the trial
design, with respect to post-surgery survival endpoints such as
iDFS. Three ongoing randomized, double-blind placebo-controlled
phase 3 trials use this approach to investigate the efficacy of ICI
with chemotherapy in the treatment of stage II/III TNBC [1,2,10]. All
three trials extend the ICI (or placebo) administration into the
adjuvant setting to complete approximately 1 year of ICI therapy.

The smaller (n ¼ 333) IMpassion031 has the more frequent
approach to this design, with pCR as primary endpoint, but the trial
design was not statistically powered for the secondary survival
endpoints [1]. The larger Keynote-522 and GeparDouze trials
(n ¼ 1174 and 1520, respectively) both designed the trials using co-
primary endpoints of pCR and event-free survival (EFS; 2,10). At the
first interim analysis of the Keynote-522 trial, an absolute 13.6%
increase in pCR rate was reported among the first 602 randomized
patients (64.8% vs. 51.2% pCR among
chemotherapy þ pembrolizumab vs chemotherapy þ placebo
groups, respectively) [2]. At the second interim analysis, when 104
EFS events had been reported after 15.5 months median follow-up
(327 events expected for final analysis of EFS), an improvement in
18-month EFS was reported (91.3% vs 85.3% 18-mo EFS) [2]. Ac-
cording to a February 2021 briefing for a US FDA Oncologic Drugs
Advisory Committee (ODAC) meeting, at the third interim analysis
the results may attenuate with longer follow-up [11], but these
early results raise optimism of a potential role for ICIs in high-risk
early TNBC.

Regardless of what the mature EFS results of Keynote-522 and
other trials will show, these trials testing the addition of ICI to
neoadjuvant chemotherapy, followed by adjuvant ICI to compete 1
year of ICI therapy, raise questions about what the introduction of
ICIs might mean for risk stratification and trial design for early-
stage TNBC. In future trials, if ICI-based chemo-immunotherapy
were to become a standard neoadjuvant regimen, would the
presence of residual disease after neoadjuvant chemo-
immunotherapy still have clinical utility for risk stratification and
trial eligibility? Do we need a trial designed to provide reliable
estimation of the treatment effects upon post-surgery iDFS within
subgroups who have pCR or residual disease, taking into account
that the subgroups would be defined by the post-randomization
pCR outcome? How will we design the next trials, given that the
three ongoing trials have adjuvant ICI administration but we do not
know if the adjuvant therapy was needed? Should trials that
include an adjuvant component of therapy be designed to also
determinewhether or not the additional adjuvant administration is
beneficial? We do not know yet whether ICIs will be approved in
this setting of high-risk TNBC, but these first trials give us a lot to
think about for future risk stratification and trial design.

3. Trials testing escalation of adjuvant therapy for HRþ/
HER2-negative breast cancer

For the large population of patients who have HRþ/HER2-
negative early breast cancer, survival outcomes with current
endocrine therapy approaches are very heterogeneous and risk
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stratification relies on anatomic staging. With recent clinical trials
in this population, including those testing CDK4/6 inhibitors, the
questions are raised of how we should define the higher-risk pa-
tient population that should be enrolled in trials testing escalation
of adjuvant endocrine therapy, and what pattern of outcomes we
expect to observe with standard adjuvant ET?

In this population of patients with HRþ/HER2-negative early
breast cancer, disease outcomes after chemo-endocrine or endo-
crine therapy vary widely according to AJCC anatomic staging [12]
or other measures of recurrence risk [13,14]. We recognize also that
the patterns of the timing of recurrence eventse in other words the
hazard functions for disease-free survival endpoint events e vary
by risk. For example, those patients with stage III cancers have
highest hazard in the first years after diagnosis; in contrast, those
patients with stage IIA cancers have slowly but steadily increasing
hazard functions over time [15]. The hazard functions for post-
menopausal women persist more over time, as non-breast cancer
disease-free survival events start to contribute more than for pre-
menopausal patients.

The ongoing trials testing the addition of CDK4/6 inhibitors to
adjuvant endocrine therapy have targeted patients at intermediate-
to high-risk of recurrence. Across four trials [3e5,16], the specific
eligibility criteria to define this population have varied, and the
enrolled patients referred to these trials have varied (Table 1). The
trials all included pre- and postmenopausal women and men,
which is different from the population of the past generation of
clinical trials testing aromatase inhibitor vs. tamoxifen or extended
adjuvant endocrine therapy. The PALLAS and NATALEE trials have
taken the approach to include patients with lower-risk stage IIA
disease, and thus included lymph node-negative disease and
smaller tumors when 1 to 3 positive lymph nodes. In both trials,
there was a limit to the number of patients with stage IIA disease.
The PENELOPE-B trial was a different approach to defining the
population, enrolling patients who had residual disease after
receiving neoadjuvant chemotherapy. As a practical feature of trial
entry, all the trials allowed patients to have started adjuvant
endocrine therapy prior to enrollment, for varied duration ac-
cording to the eligibility criterion for entry after definitive surgery
or completion of adjuvant chemotherapy and/or radiotherapy.
Unexpectedly, despite substantial differences between PALLAS and
MonarchE eligibility, the statistical designs had similar estimates of
5-year iDFS for the standard-of-care endocrine therapy control
arms (83.5% and 82.5%, respectively) and a lower estimate
(approximately 75%) in NATALEE. Unsurprisingly, the PENELOPE-B
trial had the lowest estimate, of 77% 3-year iDFS (64.7% 5-year
iDFS) with endocrine therapy alone.

The three trials with results reported to date [3e5] enrolled
patients with a median age of approximately 50 years old (Table 1).
The distribution of anatomic stage and positive lymph nodes re-
flected expected differences based upon the eligibility criteria. The
PENELOPE-B cohort had highest-risk features; and the MonarchE
cohort had higher-risk features than the cohort enrolled in PALLAS.
I commend the PALLAS study team for creating a post-hoc clinical
low/high-risk subgroup variable, in which high-risk approximates
the MonarchE eligibility criteria, and therefore helps to align the
two endocrine therapy control arms for interpreting these two
trials (PALLAS reported 59% of patients having clinical high-risk). In
their execution, each of the four trials increased enrollment, 3 of 4
with unplanned substantial sample size increases of approximately
1000 patients e including an increase in MonarchE in order to
decrease trial duration. Across PALLAS, MonarchE and NATALEE, the
statistical designs planned a primary analysis after approximately
400 iDFS events (approximately 7.5-8.5% of patients); notably the
smaller PENELOPE-B trial planned the primary analysis after 23% of
patients had experienced iDFS events, which implies longer follow-



Table 1
HRþ/HER2-negative adjuvant ET þ CDK4/6 inhibitor trials: eligible and enrolled populations, statistical designs, and numbers of iDFS events and control group iDFS observed
at time of primary report.

Trial: PALLAS MonarchE NATALEE PENELOPE-B

Eligible
Population Premenopausal,

postmenopausal, male
Premenopausal,
postmenopausal, male

Premenopausal,
postmenopausal, male

Premenopausal, postmenopausal

Stage IIA*, IIB, III (*limit 20%) Nþ, high-risk IIA, IIB, III (limit ~40% II) No pCR after NACT;
CPS-EG�3; or CPS-EG 2 & ypNþ

LN negative (N0) N0 & T2 (IIA*)
N0 & T3/4

n/a N0 & T2 & G3
N0& T2&G2& (Ki67� 20% or
high MGA)
N0 & T3/4

ypN0 &
cIIB/IIIA, ypT1-4 & G3; or cIIIB/C, ypT1-4 & G3; or
cIIIB/C, ypT2-4 & G1/2

LN positive N1 & T0/1 (IIA*)
N1 & T2/3/4
N2/N3

N1 & (T3/4 or G3 or
Ki67 � 20%);
N2/N3

N1 & T0/1/2 (II*)
N1 & T3/4
N2/N3

ypN1; ypN2/3 (exc. cI/IIA, ypN1/2 & G1/2)

Entry Post CT/RT;
�12 m from diagnosis;
�6 m adjuvant ET

Post CT/RT;
�16 m from surgery;
�3 m adjuvant ET

Post CT/RT;
�18 m from diagnosis;
�12 m from start ET

Post-NACT;
<16 weeks from surgery;
<16 weeks adjuvant ET

ET control group iDFS
expecteda

5yr 83.5% (3yr 89.9%) 5yr 82.5% (2yr 92.6%) 5yr ~75% (5yr 64.7%)
3yr 77%

Enrolled
Age, median 52 yrs 51 yrs (not yet reported) 49 yrs
Stage IIA/IIB/III 18/33/49% b 12/14/74% e

Nb (N2/N3) 87% (37%) 100% (60%) ? (50% ypN2 or ypN3)
Grade 3 28% 38% 47%
Mo. prior ET;
Mo. from surgery;
Prior CT/RT

?
?
82.5%/89%

?
?
95% (37% NACT)/95%

89.4% started
?
100% NACT/?

Statistical Design
Plan/actual number of

patients;
Change

5600/5760
Increase from 4600

4580/5637
Increase from 3580 (to
decrease duration)

5000/?
Increase from 4000

1250/1250
Increase from 1100 (adaptive design)

iDFS events (% of # plan),
85% power

469 (8.4%) 390 (8.5%) 375 (7.5%) 290 (23%)

Anticipated HaR 0.75 0.73 0.73 0.685
At analysis
iDFS events 351 @ 24 m MFU 323 @ 15.5 m MFU

395 @ 19.1 m MFU
e 308 @ 52 m MFU

ET control group iDFS
observed

2yr 93.2%
3yr 88.5% (83.6% clin high-
risk)

2yr 89% c 2yr 84.0%
3yr 77.7%
4yr 72.4%

Abbreviations: LN ¼ lymph node; Nx ¼ nodal status and Tx ¼ tumor size per AJCC staging; pCR ¼ pathologic complete response; NACT ¼ neoadjuvant chemotherapy;
Gx ¼ grade x; CT ¼ chemotherapy; RT ¼ radiotherapy; ET ¼ endocrine therapy; m ¼ months; yr ¼ year; iDFS ¼ invasive disease-free survival; HaR ¼ hazard ratio.
MGA ¼ multigene assay. MFU ¼ median follow-up.

a Estimates at different timepoints assume exponential distribution of iDFS.
b PALLAS reported 59% clinical high-risk, which approximates MonarchE eligibility.
c MonarchE, observed iDFS at 2yrs reported as 88.7% after 15.5 m MFU and 89.3% after 19.1 m MFU.
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up until reporting.
The PALLAS and MonarchE trials reported early, based upon

interim analysis results after 24 and 15.5monthsmedian follow-up,
respectively [3,4], with a subsequent update of MonarchE results
presented at the 2020 SABCS based upon the targeted number of
iDFS events after 19.1 months median follow-up ([17]; Table 1). In
the PALLAS control group, the estimated 3-year iDFS of 88.5% was
slightly lower than the expected 89.9%; whereas in MonarchE, the
estimated 2-year iDFS of approximately 89% in the control ET arm
was much lower than the expected 92.6% 2-year iDFS. It contradicts
our conventional wisdom to see that clinical trial patients fared
worse than anticipated. However, based upon eligibility criteria and
enrollment characteristics, it was likely the expected iDFS rate in the
MonarchE statistical design that was too high. Finally, it is
instructive to note that the clinical high-risk subgroup of PALLAS
was reported to have 3-year iDFS of 83.6%, which is probably a good
estimate of what will be observed in MonarchE at 3 years, sug-
gesting comparable outcomes amongst the two ET control arms.

Where do we go from here with planning adjuvant ET trials?
First, we must recognize that adjuvant trials testing the addition of
CDK4/6 inhibitor to standard ET differ from our last generations of
adjuvant ET trials. The trials had a mix of premenopausal and
postmenopausal women and men having a median age of
S82
approximately 50 years, and were limited to a majority of high-risk,
HER2-negative breast cancers. This necessitates updating our
expectation about disease outcomes over time. It may be that we
need also to update our approach to trial design, as the contribu-
tions of the dual objectives of treatmentdreducing very early
recurrence, i.e., high hazard in years 0e3, and reducing recurrence
over lifetime, i.e., lower persistent hazard years 5e10 beyonddare
different when enrolling a majority high-risk population than
when enrolling an all-comers HRþ/HER-negative population. We
have previously focused on the long-term, persistent hazard of
recurrence and later separation of Kaplan-Meier curves estimating
the distributions of iDFS over time; the very early events and po-
tential early treatment effects play a more critical role. The
PENELOPE-B results should give us pause [5] to learn from this
generation of trials. Further examination of the patterns of recur-
rence (i.e., iDFS hazard functions) of the ET control arms in these
trials would provide valuable insight to resetting our expectations
and planning future trials. Going forward, review of the targeted
patient cohort for these trials, whether we can change our hy-
pothesis testing strategy, and whether we can improve upon
anatomic risk for risk stratification, is warranted for adjuvant ET
trials.
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4. Conclusions

The recent results of trials testing the addition of
neoadjuvant þ adjuvant ICIs to neoadjuvant chemotherapy for
TNBC and of trials testing the addition of CDK4/6 inhibitor to
standard adjuvant ET, have notdor maybe not yetdchanged
standards of care. We can learn from this generation of trials to
improve future trial designs and accelerate progress to innovation
for patients.
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