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Figure 2. Association between Pathological Nodal Status and the Risk of Distant Recurrence or 
Death from Breast Cancer during the 20-Year Study Period.
Shown are data regarding the risk of distant recurrence (Panel A) and death from breast 
cancer (Panel B) among 74,194 women with ER-positive T1 or T2 disease who were 
enrolled in 78 trials at year 0 and were scheduled to receive 5 years of endocrine therapy. 
(Data for another 10,200 women who enrolled in 10 trials after year 0 are not shown here.) 
The risk was calculated according to the patients’ pathological nodal status at the time of 
diagnosis: N0, N1–3, or N4–9. The number of events and annual rate are shown for the 
preceding period (e.g., data for years 0 to 4 are shown at 5 years). The I bars indicate 95% 
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The risk of distant recurrence was strongly correlated with the original nodal status
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neoadjuvant chemotherapy in breast cancer.23 More than 
10 years ago, the degree of residual invasive disease in 
breast cancer was not believed to be of crucial importance 
for patient management, in part because mastectomy 
was the gold standard for patients with locally advanced 
breast cancer. Use of neoadjuvant chemotherapy 

increased as improved systemic therapies emerged and 
research evidence showed that breast conservation 
following neoadjuvant chemotherapy led to similar 
outcomes to mastectomy.24 Several studies have since 
shown the strong prognostic relationship between the 
presence or extent of residual disease and the risk of 

Figure 4: Prognostic value of RCB class for hormone receptor and HER2 subtypes
Kaplan-Meier plots of event-free survival by RCB classes among breast cancer subtypes. For the two HER2-positive subtypes, plots of the subset of patients who received neoadjuvant HER2-targeted 
therapy are shown (plots for all HER2-positive patients, with or without HER2-targeted therapy, are presented in the appendix p 13). Crosses denote patients censored. RCB=residual cancer burden.

Number at risk
(number censored)

RCB-0
RCB-1
RCB-2
RCB-3

0 2 4 6 8 10 12

Time since start of neoadjuvant chemotherapy (years) Time since start of neoadjuvant chemotherapy (years)

0

20

40

60

80

100

Ev
en

t-
fre

e s
ur

vi
va

l (
%

)

0 2 4 6 8 10 12

Number at risk
(number censored)

RCB-0
RCB-1
RCB-2
RCB-3

0 2 4 6 8 10 12
0

20

40

60

80

100

Ev
en

t-
fre

e s
ur

vi
va

l (
%

)

RCB-0
RCB-1
RCB-2
RCB-3

0 2 4 6 8 10 12

A Hormone receptor-negative, HER2-negative
(n=1774)

B Hormone receptor-negative, HER2-positive, neoadjuvant HER2-targeted
(n=488)

D Hormone receptor-positive, HER2-negative
(n=1957)

C Hormone receptor-positive, HER2-positive, neoadjuvant HER2-targeted
(n=756)

770 (0)
212 (0)
590 (0)
202 (0)

 632 (101)
 173 (15)
 397 (65)
 72 (10)

 381 (336)
 114 (63)
 239 (179)
 42 (24)

 197 (515)
 56 (117)
 142 (267)
 23 (37)

 125 (582)
 38 (133)
 94 (311)
 18 (42)

 74 (630)
 24 (147)
 59 (344)
 11 (49)

 42 (661)
 16 (155)
 27 (374)
 3 (55)

290 (0)
153 (0)
250 (0)

63 (0)

 255 (30)
 129 (18)
 215 (21)
 46 (7)

 185 (93)
 91 (53)
 148 (63)
 20 (23)

 91 (184)
 53 (85)
 91 (108)
 7 (34)

 58 (217)
 33 (104)
 61 (130)
 4 (36)

 35 (239)
 16 (121)
 29 (160)
 2 (38)

 12 (262)
 4 (132)
 12 (176)
 1 (39)

336 (0)
55 (0)
76 (0)
21 (0)

 303 (26)
 47 (5)
 57 (5)
 12 (2)

 213 (107)
 33 (15)
 44 (9)
 8 (5)

 134 (184)
 22 (26)
 35 (15)
 7 (6)

 91 (227)
 13 (35)
 25 (25)
 5 (8)

 58 (259)
 8 (40)
 14 (36)
 2 (11)

 27 (289)
 2 (46)
 6 (44)
 1 (12)

217 (0)
211 (0)

1036 (0)
493 (0)

187 (20)
196 (8)
916 (54)
403 (26)

118 (80)
132 (64)
609 (280)
261 (125)

 56 (140)
 73 (121)
 373 (479)
 151 (204)

 39 (155)
 58 (134)
 278 (555)
 109 (228)

26 (167)
46 (145)

187 (631)
61 (268)

 23 (170)
 35 (155)
 109 (699)
 27 (296)

Yau C, Lancet Oncol 2021 

EFS by RCB in HR + HER2 – BC (n=1957)
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(RCB) in HR + HER2 – Breast Cancer

the survival effect of a new treatment even more than con-
verting other patients from lower RCB values to pCR. Unlike
other subtypes, the prognosis of RCB-I appeared worse than
pCR. Although HR-negative/ERBB2-negative cancer has
high-risk biology, it is also the subtype that did not receive
standard postneoadjuvant systemic therapy that might
mitigate the risk of minimal residual disease.22

Treatments that graduated in ERBB2-positive cancers
had high pCR rates. For the agents that did not achieve
graduation, we observed little difference in pCR rates or the
distribution of RCB between this group and the controls.
This suggests that the graduating treatments might have
exploited ERBB2-related biology in ways that led to pCR for
the cancers that were susceptible, possibly with little added
response for those that were not.

Limitations
The limitations of this study relate to the I-SPY2 trial not
being powered for survival comparisons between individual

treatment arms and adaptive randomization leading to
fewer participants in the most effective treatment arms.
Adapting randomization to pCR rates within subtypes
favorably biases the odds ratios of pCR relative to other
response measures, particularly for subtypes with high pCR
rate. Also, multiple investigational treatments were
aggregated together as categories for this analysis, including
pertuzumab-containing treatment that evolved from experi-
mental treatment to standard control treatment. The
follow-up was short, especially for more recent treatment
comparisons in the trial and HR-positive/ERBB2-negative
subtype. Thus, we will need to evaluate RCB in additional
randomized clinical trials to further refine the use and inter-
pretation of shifts in RCB distribution from individual treat-
ment regimens. It is also currently not standard practice to
use a molecular test, such as MammaPrint, as eligibility
for neoadjuvant trials for high-risk HR-positive/ERBB2-
negative cancers, and this could affect the generalizability
of our results. Furthermore, the prognostic effect of adju-

Figure 3. Kaplan-Meier Plots of Event-Free Survival (EFS) in Hormone Receptor (HR)–Positive/ERBB2-Negative, HR-Negative/ERBB2-Negative,
HR-Positive/ERBB2-Positive, and HR-Negative/ERBB2-Positive Subtypes
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pCR indicates pathologic complete response; RCB, residual cancer burden.
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Summary
Background Previous studies have independently validated the prognostic relevance of residual cancer burden (RCB) 
after neoadjuvant chemotherapy. We used results from several independent cohorts in a pooled patient-level analysis 
to evaluate the relationship of RCB with long-term prognosis across different phenotypic subtypes of breast cancer, to 
assess generalisability in a broad range of practice settings.

Methods In this pooled analysis, 12 institutes and trials in Europe and the USA were identified by personal 
communications with site investigators. We obtained participant-level RCB results, and data on clinical and 
pathological stage, tumour subtype and grade, and treatment and follow-up in November, 2019, from patients (aged 
≥18 years) with primary stage I–III breast cancer treated with neoadjuvant chemotherapy followed by surgery. We 
assessed the association between the continuous RCB score and the primary study outcome, event-free survival, 
using mixed-effects Cox models with the incorporation of random RCB and cohort effects to account for between-
study heterogeneity, and stratification to account for differences in baseline hazard across cancer subtypes defined by 
hormone receptor status and HER2 status. The association was further evaluated within each breast cancer subtype 
in multivariable analyses incorporating random RCB and cohort effects and adjustments for age and pretreatment 
clinical T category, nodal status, and tumour grade. Kaplan-Meier estimates of event-free survival at 3, 5, and 10 years 
were computed for each RCB class within each subtype.

Findings We analysed participant-level data from 5161 patients treated with neoadjuvant chemotherapy 
between Sept 12, 1994, and Feb 11, 2019. Median age was 49 years (IQR 20–80). 1164 event-free survival events 
occurred during follow-up (median follow-up 56 months [IQR 0–186]). RCB score was prognostic within each breast 
cancer subtype, with higher RCB score significantly associated with worse event-free survival. The univariable 
hazard ratio (HR) associated with one unit increase in RCB ranged from 1·55 (95% CI 1·41–1·71) for hormone 
receptor-positive, HER2-negative patients to 2·16 (1·79–2·61) for the hormone receptor-negative, HER2-positive 
group (with or without HER2-targeted therapy; p<0·0001 for all subtypes). RCB score remained prognostic for event-
free survival in multivariable models adjusted for age, grade, T category, and nodal status at baseline: the adjusted 
HR ranged from 1·52 (1·36–1·69) in the hormone receptor-positive, HER2-negative group to 2·09 (1·73–2·53) in 
the hormone receptor-negative, HER2-positive group (p<0·0001 for all subtypes).

Interpretation RCB score and class were independently prognostic in all subtypes of breast cancer, and generalisable 
to multiple practice settings. Although variability in hormone receptor subtype definitions and treatment across 
patients are likely to affect prognostic performance, the association we observed between RCB and a patient’s residual 
risk suggests that prospective evaluation of RCB could be considered to become part of standard pathology reporting 
after neoadjuvant therapy.

Funding National Cancer Institute at the US National Institutes of Health.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
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Introduction
Neoadjuvant chemotherapy was introduced for patients 
with locally advanced inoperable breast cancer in the 
late 1970s.1 Neoadjuvant chemotherapy is at least as 

effective as adjuvant therapy and has several additional 
advantages.2 Compared with adjuvant therapy, neo-
adjuvant therapy permits less extensive breast and axillary 
surgery by downstaging the tumour and allows 

Assessment of Residual Cancer Burden and Event-Free Survival
in Neoadjuvant Treatment for High-risk Breast Cancer
An Analysis of Data From the I-SPY2 Randomized Clinical Trial
W. Fraser Symmans, MD; Christina Yau, PhD; Yunn-Yi Chen, MD; Ron Balassanian, MD; Molly E. Klein, MD; Lajos Pusztai, MD; Rita Nanda, MD;
Barbara A. Parker, MD; Brian Datnow, MD; Gregor Krings, MD; Shi Wei, MD; Michael D. Feldman, MD; Xiuzhen Duan, MD; Beiyun Chen, MD;
Husain Sattar, MD; Laila Khazai, MD; Jay C. Zeck, MD; Sharon Sams, MD; Paulette Mhawech-Fauceglia, MD; Mara Rendi, MD; Sunati Sahoo, MD;
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IMPORTANCE Residual cancer burden (RCB) distributions may improve the interpretation of
efficacy in neoadjuvant breast cancer trials.

OBJECTIVE To compare RCB distributions between randomized control and investigational
treatments within subtypes of breast cancer and explore the relationship with survival.

DESIGN, SETTING, AND PARTICIPANTS The I-SPY2 is a multicenter, platform adaptive,
randomized clinical trial in the US that compares, by subtype, investigational agents in
combination with chemotherapy vs chemotherapy alone in adult women with stage 2/3
breast cancer at high risk of early recurrence. Investigational treatments graduated in a
prespecified subtype if there was 85% or greater predicted probability of higher rate of
pathologic complete response (pCR) in a confirmatory, 300-patient, 1:1 randomized,
neoadjuvant trial in that subtype. Evaluation of a secondary end point was reported from the
10 investigational agents tested in the I-SPY2 trial from March 200 through 2016, and
analyzed as of September 9, 2020. The analysis plan included modeling of RCB within
subtypes defined by hormone receptor (HR) and ERBB2 status and compared control
treatments with investigational treatments that graduated and those that did not graduate.

INTERVENTIONS Neoadjuvant paclitaxel plus/minus 1 of several investigational agents for 12
weeks, then 12 weeks of cyclophosphamide/doxorubicin chemotherapy followed by surgery.

MAIN OUTCOMES AND MEASURES Residual cancer burden (pathological measure of residual
disease) and event-free survival (EFS).

RESULTS A total of 938 women (mean [SD] age, 49 [11] years; 66 [7%] Asian, 103 [11%] Black,
and 750 [80%] White individuals) from the first 10 investigational agents were included, with
a median follow-up of 52 months (IQR, 29 months). Event-free survival worsened
significantly per unit of RCB in every subtype of breast cancer (HR-positive/ERBB2-negative:
hazard ratio [HZR], 1.75; 95% CI, 1.45-2.16; HR-positive/ERBB2-positive: HZR, 1.55; 95% CI,
1.18-2.05; HR-negative/ERBB2-positive: HZR, 2.39; 95% CI, 1.64-3.49; HR-negative/ERBB2-
negative: HZR, 1.99; 95% CI, 1.71-2.31). Prognostic information from RCB was similar from
treatments that graduated (HZR, 2.00; 95% CI, 1.57-2.55; 254 [27%]), did not graduate (HZR,
1.87; 95% CI, 1.61-2.17; 486 [52%]), or were control (HZR, 1.79; 95% CI, 1.42-2.26; 198 [21%]).
Investigational treatments significantly lowered RCB in HR-negative/ERBB2-negative
(graduated and nongraduated treatments) and ERBB2-positive subtypes (graduated
treatments), with improved EFS (HZR, 0.61; 95% CI, 0.41-0.93) in the exploratory analysis.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, the prognostic significance of
RCB was consistent regardless of subtype and treatment. Effective neoadjuvant treatments
shifted the distribution of RCB in addition to increasing pCR rate and appeared to improve
EFS. Using a standardized quantitative method to measure response advances the
interpretation of efficacy.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01042379
JAMA Oncol. doi:10.1001/jamaoncol.2021.3690
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from our earlier trials,16 there was no association between Ki-67 LI and
presence or absence of PgR expression (Table 1).

DFS was significantly lower for patients with tumors with high
Ki-67 LI (HR [high:low] ! 1.8; 95% CI, 1.4 to 2.3; P ! .0001),
confirming the prognostic value of Ki-67 LI in this cohort (Fig 2A).
Four-year DFS estimates were 92.2% for low versus 85.6% for high
Ki-67 LI. In a multivariable proportional hazards regression model
adjusted for patient age, PgR status, tumor size, tumor grade, nodal
status, HER-2 status, and presence of peritumoral vascular involve-
ment, high Ki-67 LI remained an independent adverse prognostic
factor (HR ! 1.4; 95% CI, 1.1 to 1.9; P ! .02).

In this analytic cohort, as for the trial population as a whole, DFS
was significantly better in patients randomly assigned to receive Let
compared with Tam; (HR [Let:Tam] ! 0.63, 95% CI, 0.50 to 0.80;
P " .0001) and 4-year DFS estimates were 91.7% and 86.5%, respec-
tively. There was a suggestion of heterogeneity in the treatment effect
among patients with tumors having high versus low Ki-67 LI (P ! .09
for interaction; Fig 2B). Within the subgroup having high tumor Ki-67
LI, the hazard for a DFS event for patients who received Let was
approximately half the hazard of patients who received Tam (HR
[Let:Tam] ! 0.53, 95% CI, 0.39 to 0.72) which was a greater treatment
effect than that observed among patients with low tumor Ki-67 LI (HR
[Let:Tam] ! 0.81; 95% CI, 0.57 to 1.15). The estimated 4-year DFS
among patients in the subgroup having high tumor Ki-67 LI who

received Let (89.6%) was comparable with those for patients with
low Ki-67 LI who received either Let (93.4%) or Tam (90.9%). The
overall pattern was similar whether patients had node-negative or
node-positive disease or whether the tumors were ER expressing
(1% to 79%) or strongly ER expressing (80% or higher; Fig 3).

Through exploratory analyses of integer cut points of the Ki-67 LI
distribution, the P value for the interaction of treatment and Ki-67 LI
was minimized (P ! .02) when Ki-67 LI was dichotomized at 14%.
When Ki-67 was dichotomized as less than or equal to 14% versus
greater than 14%, treatment comparisons yielded results similar to
those reported above.

The STEPP analysis of 4-year DFS across the continuum of Ki-67
LI percentages (Fig 4) displays the suggested heterogeneity in the
treatment effect across various levels of Ki-67 LI. For subpopula-
tions with higher median Ki-67 LI greater than 10% (and especially
above 30%), the separation of the curves suggests greatest benefit
of Let relative to Tam for subpopulations with the highest levels of
Ki-67 LI.

As a hypothesis-generating exercise, we further explored whether
the suggested difference in the relative efficacy of Let versus Tam for
high and low tumor Ki-67 LI might be modified by other prognostic
tumor features (Fig 5). There was little evidence for any such interac-
tion, and the overall impression from inspection of the forest plot is
that the relative efficacy of Let is greater in subgroups with high tumor
Ki-67 LI regardless of other tumor features.

Table 1. Association of Tumor Ki-67 LI With Other Tumor Features

Feature

Ki-67 LI

P

Low ! 11% High # 11%

No. % No. %

No. of patients 1,433 53.4 1,252 46.6
HER-2 overexpression " .0001

No 1396 97.4 1114 89.0
Yes 37 2.6 138 11.0

Nodal status .0004
N-/Nx 971 67.8 767 61.3
N$ 462 32.2 485 38.7

Tumor size, cm " .0001
! 2 1013 70.7 750 59.9
# 2 414 28.9 491 39.2
Unknown 6 .4 11 0.9

Tumor grade " .0001
1 561 39.1 192 15.3
2 655 45.7 632 50.5
3 89 6.2 326 26.0
Unknown 128 8.9 102 8.1

Peritumoral vascular invasion " .0001
No 1127 78.6 870 69.5
Yes 178 12.4 278 22.2
Unknown/not able to assess 128 8.9 104 8.3

ER/PgR expressed
(assessed centrally)!

.68

ER present/PgR absent 149 10.4 119 9.5
ER present/PgR present 1278 89.2 1129 90.2
Other 6 .4 4 0.3

Abbreviations: LI, labeling index; HER-2, human epidermal growth factor
receptor 2; ER, estrogen receptor; PgR, progesterone receptor.

!ER and PgR each are considered as present if "1% immunoreactive cells.
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94.0%; for NG2 92.8% and HG2 90.6%; and for NG3 80.4% 
and HG3 80.2%, respectively (data not shown).

Discussion

Although HG has been recognized as a useful prognostic 
factor for breast cancer for a long period [16, 17], there are 
some concerns regarding NG as an alternative, though it is 

currently regarded as the standard grading system in Japan. 
However, there is limited information on the direct compari-
son of the two grading systems. To our knowledge, this is 
the first report comparing NG and HG directly by a single 
pathologist in a large series of breast cancer cases, uniformly 
treated at a single institution and with long-term follow-up 
results available.

This study aimed to determine the prognostic capabil-
ity of grading systems with direct comparison between NG 

Table 3  Univariate and multivariate analysis of various parameters associated with prognosis (RFS)

CI confidence interval; ER estrogen receptor; PgR progesterone receptor; HER2 human epidermal growth factor receptor 2

Univariate Multivariate
Hazard ratio 95% CI P Hazard ratio 95% CI P

Age (≦ 50 vs. > 50) 1.001 0.659–1.520 0.997
Tumor size (> 2 cm vs. ≦2 cm) 4.210 2.773–6.393  < 0.001 3.605 1.652–7.865 0.001
Nodal status (positive vs negative) 3.840 2.573–5.733  < 0.001 1.641 0.804–3.350 0.174
Nuclear grade (3 vs. 1,2) 1.887 1.277–2.789 0.001
Histological grade (3 vs. 1, 2) 2.030 1.368–3.014  < 0.001 1.414 0.632–3.165 0.399
Ki-67 (high vs. low) 4.326 1.785–10.480 0.001 2.621 0.981–7.002 0.055
ER (positive vs. negative) 0.530 0.355–0.790 0.002 0.784 0.358–1.718 0.543
PgR (positive vs. negative) 0.498 0.339–0.734  < 0.001
HER2 (positive vs. negative) 1.960 1.241–3.095 0.004
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Fig. 2  Kaplan–Meier plots of recurrence-free survival (RFS) rates 
in three subgroups (ER + /HER2-, HER2 + , ER−/HER2-) strati-
fied by the nuclear grade (NG) and histological grade (HG). Curves 
are stratified by NG1 + 2 vs. NG3 in the ER + /HER2- subgroup (a), 

the HER2 + subgroup (c) and the ER−/HER2- subgroup (e) and by 
HG1 + 2 vs HG3 in the ER + /HER2- subgroup (b), the HER2 + sub-
group (d) and the ER-/HER2- subgroup (f)
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FIG 1. Kaplan-Meier estimates of distant recurrence (DR)–free interval in the overall hormone receptor–positive/human epidermal
growth factor receptor 2–negative analysis population according to seven clinicopathologic characteristics. (A) Age at random
assignment, (B) number of positive lymph nodes, (C) tumor size, (D) estrogen receptor (ER) expression, (E) progesterone receptor
(PgR) expression, (F) tumor grade, and (G) labeling index Ki-67 (Ki67) expression. Unknown values are omitted.
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markers to pretreatment clinical stage and final pathologic stage al-
lowed for further refinement of the prognostic scoring system. These
proposed scoring systems can be easily implemented in clinical prac-
tice with data routinely gathered at patient presentation and at com-
pletion of neoadjuvant chemotherapy and surgical treatment.

Neoadjuvant chemotherapy has been standard practice for pa-
tients with locally advanced and inoperable breast cancer for several
decades. Indications for neoadjuvant chemotherapy have now ex-
panded to patients with large primary tumors, allowing many women
with breast cancer the option to pursue breast-conserving surgery.
This approach has also allowed oncologists to gain new insights into
tumor biology related to response to different chemotherapeutics. As
the patient population exposed to neoadjuvant chemotherapy has
grown, physicians and patients have attempted to use tumor response
to neoadjuvant chemotherapy in determining patient prognosis. To
date, methods for accomplishing this have largely depended on the
distinction between patients who achieve a pCR and those who do not.
Recently, Swisher et al16 proposed a change in the TNM staging system
for patients with esophageal cancer after chemoradiotherapy. This
system incorporates post-treatment residual tumor volume into the
current TNM system and allows for a more accurate assessment of
patient outcomes predicated on post-treatment pathology and re-
sponse to treatment based on initial clinical staging.16 The CPS and
CPS!EG systems proposed in our study represent a new means by
which clinicians can use objective pretreatment and post-treatment
data to discern the impact of neoadjuvant chemotherapy on patient
outcomes. The ability to obtain this additional treatment information
will allow clinicians to more accurately risk stratify their patients
regarding eligibility for clinical trials or novel therapeutics. Further-
more, these scoring systems have the potential to provide patients with
more accurate information regarding their prognosis.

Using the CPS!EG system, DMFS and DSS outcomes for pa-
tients who achieved a pCR were stratified by presenting clinical stage
and biologic markers. Specifically, patients achieving a pCR who pre-
sented with stage I or IIA disease and who did not have adverse

biologic markers had the best projected DMFS and DSS outcomes.
Patients who presented with stage IIB or IIIA disease had favorable
projected outcomes, whereas patients who presented with stage IIIB
or IIIC disease had the least favorable projected outcomes. According
to the CPS!EG system, the 5-year DMFS and DSS were considerably
affected by addition of adverse biologic markers. Using the CPS!EG
system, a patient who presents with stage I or IIA disease and has no
adverse biologic markers would have a 98% 5-year DMFS rate and
100% 5-year DSS rate. A stage IIIC patient who experiences a pCR but
presents with an ER-negative, NG 3 tumor would be projected to have
a 63% 5-year DMFS rate and 72% 5-year DSS rate. This information
clearly demonstrates that all patients who experience a pCR are not the
same with respect to their expected outcomes. The presence of resis-
tant cancer stem cells in patients who achieve a pCR but ultimately
experience relapse may be an explanation for these disparate find-
ings.17,18 These findings also underscore the importance of extent and
biology of the primary tumor in dictating the ultimate outcome.
Gonzalez-Angulo et al,8 who examined risk factors for recurrence in
patients with a pCR, found that premenopausal patients with locally
advanced disease and patients who had identification of 10 or fewer
axillary lymph nodes (ALNs) in axillary dissection specimens were at
highest risk for development of distant metastasis.

Table 4. Outcomes Based on the CPS and CPS!EG Scoring Systems

Scoring System

DMFS (%) DSS (%)

5-Year Rate 95% CI 5-Year Rate 95% CI

CPS total score
0 97 93 to 99 99 96 to 100
1 87 82 to 91 93 89 to 96
2 72 66 to 77 83 78 to 88
3 62 53 to 70 76 68 to 83
4 46 26 to 64 48 27 to 67

CPS!EG total score
0 98 88 to 100 100
1 94 88 to 97 98 94 to 100
2 87 82 to 91 96 91 to 98
3 79 72 to 84 88 83 to 92
4 63 54 to 70 72 64 to 79
5 43 29 to 56 57 42 to 70
6 22 3 to 51 22 3 to 51

Abbreviations: CPS, Clinical-Pathologic Scoring System; CPS!EG, Clinical-
Pathologic Scoring System incorporating estrogen receptor–negative disease
and nuclear grade 3 tumor pathology; DMFS, distant metastasis-free survival;
DSS, disease-specific survival.
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Fig 2. (A) Disease-specific survival for patients based on the Clinical-Pathologic
Scoring System (CPS) score. (B) Disease-specific survival for patients based on
the CPS incorporating estrogen receptor–negative disease and nuclear grade 3
tumor pathology (CPS!EG) score.
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Combined Use of Clinical and Pathologic Staging Variables to 
Define Outcomes for Breast Cancer Patients Treated With
Neoadjuvant Therapy

Jacqueline S. Jeruss, JCO 2008

DFS based on CPS + EG score
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IDFS in patients with 1-3 LN and RS ≤ 25 (all patients) 
RxPONDER Trial

Kalinsky K, N Engl J Med 2021

Genomic Signatures



Definition of high risk is critical in the success of escalation
clinical trials

Risk factors of recurrence

Standard 
Clinical & 
Pathologic
al features

Response to 
neoadjuvant
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Gene 
Expression
Signatures



Outline

• Natural history of ER+ HER2- EBC
• Risk factors of recurrence
• Strategies to improve outcome in high-risk ER+ EBC
• Prolongation of ET
• Incorporation of other drugs to Anthras-Taxane based CT (ie, capecitabine)
• m-TOR inhibitors
• CDK 4/6 inhibitors



NataLEE
n: 5000

PALLAS
n: 5760

MonarchE
n: 5637

ET +/-Ribociclib

ET +/-Palbociclib

ET +/-Abemaciclib

PenelopeB
n: 1250 ET +/-Palbociclib

iCDK 4/6 Adjuvant Trials



Palbociclib with adjuvant endocrine 
therapy in EBC (PALLAS) 

Mayer E. ESMO 2020

Target  HR: 0.75;  5,600 patients provides 85% power, with a 1-sided α=0.025
First IA (197 event) Second IA (313 event)  Final A 469 event



• The majority had higher stage disease and had 
received prior chemotherapy.

• 58·7% had high clinical risk disease, described 
as: 
• >4 nodes involved (>N2), or 
• 1-3 nodes with either T3/T4 and/or grade 3 

disease.

Variable Palbociclib
+ ET (N=2,883) ET (N=2,877)

Age (y) – median (range) 52 (25 – 90) 52 (22 – 85)
Stage 

IIA 504 (17·5%) 509 (17·7%)
IIB 968 (33·6%) 951 (33·1%)
III 1402 (48·6%) 1408 (48·9%)

T-Stage
T0/T1/Tis/TX 557 (19·3%) 500 (17·4%)
T2 1603 (55·6%) 1636 (56·9%)
T3/T4 722 (25·0%) 741 (25·8%)

N-Stage
N0 367 (12·7%) 383 (13·3%)
N1 1427 (49·5%) 1415 (49·2%)
N2 703 (24·4%) 709 (24·6%)
N3 385 (13·4%) 370 (12·9%)

Histologic Grade
G1 300 (10·4%) 313 (10·9%)
G2 1622 (56·3%) 1658 (57·6%)
G3 836 (29·0%) 767 (26·7%)

Prior Chemotherapy 2384 (82·7%) 2370 (82·4%)
Initial Adjuvant Endocrine Therapy

Aromatase inhibitor 1954 (67·8%) 1918 (66·7%)
Tamoxifen 923 (32·0%) 949 (33·0%)

Concurrent Adjuvant LHRH Agonist 532 (18·5%) 604 (21.1%)

PALLAS: patients characteristic 

Mayer E. ESMO 2020



PALLAS: safety and tolerability

Mayer E. ESMO 202042.2% had discontinue prematurely (due AE 64.2%)

Adverse Events, incidence > 15% 
Adverse Event Palbociclib + ET (N=2,840) ET (N=2,903)

All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4
Any adverse event 2822 (99·4%) 1897 (66·8%) 159 (5·6%) 2571 (88·6%) 400 (13·8%) 24 (0·8%)

Neutropenia 2354 (82·9%) 1620 (57·0%) 122 (4·3%) 139 (4·8%) 11 (0·4%) 0

Leukopenia 1550 (54·6%) 843 (29·7%) 14 (0·5%) 213 (7·3%) 3 (0·1%) 0

Fatigue 1150 (40·5%) 60 (2·1%) 0 546 (18·8%) 10 (0·3%) 0

Arthralgia 992 (34·9%) 30 (1·1%) 0 1207 (41·6%) 31 (1·1%) 0

Upper respiratory 
tract infection

805 (28·3%) 32 (1·1%) 0 453 (15·6%) 3 (0·1%) 0

Hot flush 693 (24·4%) 7 (0·2%) 0 838 (28·9%) 7 (0·2%) 0

Anaemia 664 (23·4%) 13 (0·5%) 0 157 (5·4%) 4 (0·1%) 0

Thrombocytopenia 609 (21·4%) 25 (0·9%) 1 (0·0%) 49 (1·7%) 1 (0·0%) 0

Nausea 543 (19·1%) 8 (0·3%) 0 240 (8·3%) 4 (0·1%) 0

Alopecia 496 (17·5%) 0 0 144 (5·0%) 0 0

Diarrhoea 468 (16·5%) 21 (0·7%) 0 145 (5·0%) 5 (0·2%) 0

Headache 435 (15·3%) 7 (0·2%) 0 322 (11·1%) 7 (0·2%) 0



PALLAS: Primary Endpoint iDFS

Mayer E. ESMO 2020



PALLAS: Conclusions

Mayer E. ESMO 2020

• The addition of palbociclib to adjuvant ET did not 
prolong iDFS compared to ET alone in patients with 
stage II-III HR+/HER2-



Palbociclib and adjuvant ET for high-risk HR+/HER2- EBC 
after neoadjuvant Chemo (PENELOPE-B) 

Loibls S. SABCS 2020

N=1250
§ HR+/HER2- breast cancer
§ no pCR after NACT 
§ CPS-EG score ≥3 or ≥2 with ypN+ 

Primary Endpoint: iDFS

Palbociclib
125 mg once daily p.o.
d1-21, q28d for 13 cycles

Placebo
d1-21, q28d for 13 cycles

Neoadjuvant
Chemotherapy

Surgery +/-
Radiotherapy

R 
1:1

Stratification factors
§ Nodal status: ypN 0-1 vs ypN2-3
§ Age: ≤50 vs >50 yrs
§ Ki-67: >15% vs ≤ 15%
§ Region: Asian vs non Asian
§ CPS-EG Score: ≥3 vs 2 and ypN+

Target  HR: 0.685; 85% power, with a 2-sided α=0.05
First IA (290 event) Second IA (194 event)  Final level 0.0463



Penelope-B: Mainline characteristics
Parameter Category Palbociclib (N=631)

N (%*)
Placebo (N=619)

N (%*)
Overall (N=1250)

N (%*)

Age median (range) 49 (22.76) 48 (19.79) 49 (19.79)
Age, years ≤50 353 (55.9) 348 (56.2) 701 (56.1)
Histological lymph node status at 
surgery

ypN 0-1 310 (49.1) 310 (50.1) 620 (49.6)

ypN 2-3 321 (50.9) 309 (49.9) 630 (50.4)
Ki-67%, central pathology >15% 161 (25.5) 158 (25.5) 319 (25.5)
CPS-EG score 2 and ypN+ 253 (40.1) 255 (41.2) 508 (40.6)

≥3 378 (59.9) 364 (58.8) 742 (59.4)
Tumor stage at surgery ypT0-1 238 (37.7) 208 (33.7) 446 (35.7)

ypT2-3 368 (58.3) 389 (62.9) 757 (60.6)

ypT4 25 ( 4.0) 21 ( 3.4) 46 ( 3.7)
Histological type lobular 58 (9.2) 52 (8.5) 110 (8.8)
Grading G3 294 (46.7) 297 (48.1) 591 (47.4)
Ovarian ablation 108 (17.1) 113 (18.3) 221 (17.7)
Endocrine therapy Tamoxifen overall 314 (49.8) 308 (49.8) 622 (49.8)

Loibls S. SABCS 2020



Penelope-B: Primary Endpoint iDFS

2yr 84.0%

2yr 88.3%

4yr 72.4%

4yr 73.0%
3yr 81.2%

3yr 77.7%

Palbociclib + ET
(N=631)

Placebo + ET
(N=619)

# iDFS Events 152 156

stratified HR=0.93 (95% CI, 0.74–1.17) p=0.525

Median Follow-Up 
42.8  Months
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Penelope-B: Conclusion

Loibls S. SABCS 2020

• The addition of palbocicilib to adjuvant ET did not improve 
iDFS compared to ET alone in patients HR+, HER2- EBC at 
high-risk of relapse after NACT



Abemaciclib with adjuvant ET for HR+/HER2-
Node+, high-risk EBC (monarchE) 

Johnston S. ESMO 2020

Primary Objective: Invasive disease-free survival (STEEP criteria)
Key Secondary Objectives: Distant relapse-free survival, Overall 
survival, Safety, Patient reported outcomes, and Pharmacokinetics

HR+, HER2-, high risk early 
breast cancer

High risk defined as:
• ≥4 positive axillary lymph nodes (ALN) 

OR
• 1-3 ALN and at least 1 of the below:

o Tumor size ≥5 cm
o Histologic grade 3
o Centrally tested Ki67 ≥20%

Other criteria: 
• Women or men 
• Pre-/ postmenopausal
• With or without prior 

adjuvant/neoadjuvant chemotherapy
• No distant metastases

Abemaciclib (150mg twice daily for up to 2 
yearsb) 

+ Standard of Care Endocrine Therapy
(5 to 10 years as clinically indicated)

Standard of Care Endocrine Therapyb
(5 to 10 years as clinically indicated)Stratified for:

• Prior chemotherapy
• Menopausal status
• Region

N = 5637a

R 
1:1

Endocrine therapy of physician’s choice

Target  HR: 0.73; 85% power, with a 2-sided α=0.05; 390 events for primary analysis
First IA (323 iDFS, positive study if p<0.264)



monarchE: Patients Characteristics 

Johnston S. ESMO 2020
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FIG 2. Invasive disease-free survival (IDFS). (A) Kaplan-Meier curves of IDFS and IDFS zoomed in to better visualize separation of
the curves in the intent-to-treat population. (B) IDFS of patient subgroups. Hazard ratios (HRs) are stratified in overall population and
unstratified in subgroups for abemaciclib plus endocrine therapy (ET) versus ET alone. HR estimates for IDFS are indicated by
diamonds, and 95% CIs are indicated by the crossing horizontal lines. (a) Curves should not be interpreted beyond 24 months
because of the limited follow-up. (b) If a subgroup consists of, 5% of randomly assigned patients, analysis within that subgroup was
omitted. (c) The width of CIs in subgroups has not been adjusted for multiplicity; thus, the subgroup results are exploratory in nature.
ECOG PS, Eastern Cooperative Oncology Group performance status.
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monarch-E: Primary Endpoint iDFS

Two-year IDFS rates were 92.2% (abemaciclib + ET arm) and 88.7% (ET arm): 3.5 absolute difference

92.2%
88.7%

Johnston S, JCO 2020
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monarchE: Distant Relapse-Free Survival

Two-year DRFS rates were 93.6% (abemaciclib + ET arm) and 90.3% (ET arm): 3.3% absolute
difference DRFS benefit consistent accros all prespecified subgroups

Johnston S, JCO 2020

93.6%
90.3%



Abbreviations: VTE = venous thromboembolic event; PE = pulmonary 
embolism; ILD = Interstitial lung disease

Median duration of abemaciclib: 23.7 months
Other events of interest, 
any grade

Abemaciclib + ET
N = 2791, %

ET Alone
N = 2800, %

VTE 2.5 0.6
PE 1.0 0.1

ILD 3.2 1.3

monarchE: Treatment Emergent Adverse Events

O’Shaughnessy J. ESMO 202116% treatment discontinuation



§ Abemaciclib + adjuvant ET  demonstrated clinically 
meaningful improvement in IDFS & DRFS in HR+/HER2- eBC

An additional analysis was conducted in response to regulators, with a data cut-off 
date on April 1, 2021, at which point most patients had discontinued or completed
the study treatment period.

monarchE: Conclusions



ESO-ESMO criteria (recurrence within 2 years of beginning
adjuvant ET).20 Early recurrences represent the rapid
outgrowth of endocrine-resistant subclinical disease that
persist despite optimal systemic adjuvant treatment. The
high rate of invasive recurrence in the ET alone arm of

monarchE (16.6% after 3 years) demonstrates that the
trial enrolled a high-risk population, that could be placed
in perspective by considering the outcomes from the
patient population in Plan B that would have met
enrollment criteria for monarchE (17.5% risk at 5 years).
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Figure 1. Invasive disease-free survival (IDFS) in the intent-to-treat (ITT) population at additional follow-up 1 (AFU1).
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; ET, endocrine therapy; HR, hazard ratio.
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30.4% reduction in the risk of developing an IDFS event.
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DRFS Benefit Maintained with 27m Follow-up
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31.3% reduction in the risk of developing a DRFS event.
The absolute difference in DRFS rates between arms was 4.2% at 3 years.



ESO-ESMO criteria (recurrence within 2 years of beginning
adjuvant ET).20 Early recurrences represent the rapid
outgrowth of endocrine-resistant subclinical disease that
persist despite optimal systemic adjuvant treatment. The
high rate of invasive recurrence in the ET alone arm of

monarchE (16.6% after 3 years) demonstrates that the
trial enrolled a high-risk population, that could be placed
in perspective by considering the outcomes from the
patient population in Plan B that would have met
enrollment criteria for monarchE (17.5% risk at 5 years).
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Figure 1. Invasive disease-free survival (IDFS) in the intent-to-treat (ITT) population at additional follow-up 1 (AFU1).
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; ET, endocrine therapy; HR, hazard ratio.
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monarchE Study Design

HR+, HER2-,  Node+ 
high risk early breast 

cancer

Cohort 1: Inclusion based on 
clinicopathological risk factors:
• ≥4 ALN OR 
• 1-3 ALN and at least 1 of the 

below:
- Histologic Grade 3
- Tumor size ≥5 cm

Cohort 2: Inclusion based on 
Ki-67:

• 1-3 ALN and 
• Centrally tested Ki-67 ≥20%d

• No Grade 3 and tumor size 
not ≥5 cm

ITT includes 
both C1 and C2

IDFS Ki 67 ≥20%

IDFS Ki 67 ≥20%

IDFS 

IDFS Ki 67 ≥20%

IDFS Ki 67<20%
Primary
Objective

Secondary
Objectives

Exploratory
Objectives
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Collectively, these data suggest that 2 years of abemaci-
clib treatment provide a meaningful benefit for this patient
population. A 2-year abemaciclib treatment duration was
selected to manage patients through their period of highest
relapse-risk while simultaneously balancing the risk poten-
tial for side-effects.21 Further follow-up is needed to
determine the impact of adjuvant abemaciclib on later
recurrences.

OS data remained immature and follow-up for survival
outcomes is ongoing. Given the substantial reduction in the
risk of developing invasive disease as well as distant
recurrence and the maintenance of the treatment benefit
over time, it is anticipated that the robust treatment benefit
will translate to survival benefit.

Two phase III studies investigating palbociclib, another
CDK4 and 6 inhibitor, in patients with HRþ, HER2" EBC

have recently reported no improvement in IDFS with the
addition of adjuvant palbociclib to ET.22,23 PALLAS enrolled
5760 patients with stage II-III disease and Penelope-B
enrolled 1250 patients with residual disease after neo-
adjuvant chemotherapy and a clinical pathological staging-
estrogen receptor grading score of #3, or score ¼ 2 and
tumor involvement in lymph nodes. The reasons for the
differences in outcomes between these studies and mon-
archE are unclear. While the studies enrolled patients with
different risks of recurrence, there was no numerical benefit
in the subgroup of high-risk patients (58.7%) in PALLAS
defined as having #4 positive nodes or 1-3 positive nodes
with either T3/T4 and/or grade 3 disease. The treatment
durations with the CDK4 and 6 inhibitors also differed be-
tween Penelope-B (1 year) and monarchE and PALLAS (2
years). In Penelope-B, the observed numerical difference
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Figure 2. Invasive disease-free survival (IDFS) in (A) ITT Ki-67-high and (B) cohort 1 Ki-67-high populations at additional follow-up 1 (AFU1).
CI, confidence interval; ET, endocrine therapy; HR, hazard ratio.
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IDFS in ITT Ki-67-high and 
cohort 1 Ki-67-high populations

Collectively, these data suggest that 2 years of abemaci-
clib treatment provide a meaningful benefit for this patient
population. A 2-year abemaciclib treatment duration was
selected to manage patients through their period of highest
relapse-risk while simultaneously balancing the risk poten-
tial for side-effects.21 Further follow-up is needed to
determine the impact of adjuvant abemaciclib on later
recurrences.

OS data remained immature and follow-up for survival
outcomes is ongoing. Given the substantial reduction in the
risk of developing invasive disease as well as distant
recurrence and the maintenance of the treatment benefit
over time, it is anticipated that the robust treatment benefit
will translate to survival benefit.

Two phase III studies investigating palbociclib, another
CDK4 and 6 inhibitor, in patients with HRþ, HER2" EBC

have recently reported no improvement in IDFS with the
addition of adjuvant palbociclib to ET.22,23 PALLAS enrolled
5760 patients with stage II-III disease and Penelope-B
enrolled 1250 patients with residual disease after neo-
adjuvant chemotherapy and a clinical pathological staging-
estrogen receptor grading score of #3, or score ¼ 2 and
tumor involvement in lymph nodes. The reasons for the
differences in outcomes between these studies and mon-
archE are unclear. While the studies enrolled patients with
different risks of recurrence, there was no numerical benefit
in the subgroup of high-risk patients (58.7%) in PALLAS
defined as having #4 positive nodes or 1-3 positive nodes
with either T3/T4 and/or grade 3 disease. The treatment
durations with the CDK4 and 6 inhibitors also differed be-
tween Penelope-B (1 year) and monarchE and PALLAS (2
years). In Penelope-B, the observed numerical difference
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Figure 2. Invasive disease-free survival (IDFS) in (A) ITT Ki-67-high and (B) cohort 1 Ki-67-high populations at additional follow-up 1 (AFU1).
CI, confidence interval; ET, endocrine therapy; HR, hazard ratio.
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favoring the palbociclib arm in the IDFS rates (4.3% and
3.5% at 2 and 3 years, respectively) was not sustained over
time and the study did not show a statistically significant
benefit. It remains unknown if the early separation of the
IDFS KM curves reflected a transient treatment effect from
palbociclib that diminished over time or could be attributed
to statistical variability related to a small number of events
at the earlier timepoints. In monarchE, the treatment
benefit of abemaciclib þ ET was statistically significant and
clinically meaningful. This benefit was maintained over time
and extended beyond the 2-year study treatment period.

Another potential explanation for the discordant out-
comes to date for monarchE, PALLAS, and Penelope-B are the
differences between drugs. Whereas abemaciclib is admin-
istered continuously daily, palbociclib is administered daily
for 3 weeks followed by 1-week rest. In preclinical studies,
abemaciclib has shown a tolerability profile that allows for a
continuous dosing required for sustainable G1/S arrest and
inhibition of tumor growth.24,25 In addition, continuous in-
hibition of CDK4 and 6 by abemaciclib led to cell senescence
and apoptosis to a greater extent than was seen with pal-
bociclib.25,26 It can be speculated that the differences in
mechanism of action and the continuous versus intermittent
dosing schedules may be more important in eradicating
micrometastatic cells in an adjuvant setting, as opposed to
established macrometastatic disease where both abemaci-
clib and palbociclib have shown relatively similar anticancer
activity in regard to progression-free survival. Differences,

however, in OS benefit between abemaciclib and palbociclib
have also been observed in the metastatic setting in combi-
nation with fulvestrant in patients who progressed after prior
ET.Whereas palbociclib in combinationwith fulvestrant failed
to show significant OS differences in the ITT population,27

abemaciclib plus fulvestrant demonstrated a statistically
significant OS benefit in the ITT population.28

The use of Ki-67 in clinical practice is historically
challenging due to the high inter-observer variability and
the lack of a standard threshold for determining high
versus low values.29 In monarchE, Ki-67 was measured at
a central laboratory using a validated assay that was
shown to be highly reproducible across different pathol-
ogists and laboratories using an automated staining
protocol with a standardized scoring method.17 This is
the first phase III registration trial that has prospectively
analyzed the utility of a prespecified, centrally confirmed
Ki-67 threshold of "20% using a standardized assay and
methodology. Abemaciclib þ ET significantly improved
IDFS in patients with Ki-67-high tumors in the ITT and
cohort 1 populations. Within cohort 1, the benefit of
abemaciclib was consistently observed regardless of Ki-67
index, suggesting Ki-67 is not predictive of abemaciclib
treatment benefit. Because patients in cohort 1 with Ki-
67-high tumors had a greater risk of recurrence than
those with Ki-67-low tumors, we concluded that Ki-67
index was prognostic of recurrence. Overall, these data
support use of Ki-67 "20% together with high-risk
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disease and is clinically relevant with recurrence (local or
metastatic), signaling a change in disease status with
resultingmorbidity andmortality. Although still considered a
long-term outcome measure, IDFS also has the benefit of
earlier assessment than survival and thus can decrease the
time of trials and required sample size. However, when
assessing end points earlier than survival, particularly in a
curative setting such as adjuvant breast cancer, FDA always
examines the survival data to confirm there is not a detri-
mental effect. In this case, although immature, the OSHR in
the ITT population favored the control arm, despite the
statistical improvement in IDFS and thus did not support a
broad approval. Consistent IDFS results were observed
across exploratory subgroups such as . 3 pALN, grade 3
histology, and tumor size. 5 cm, regardless of Ki-67 score.

In both the final IDFS analysis and the OS IA1, the remaining
subgroups in the statistical hierarchy, Ki-67 score $ 20%
from cohorts 1 and 2 and Ki-67 score$ 20% from cohort 1,

each demonstrated a statistically significant IDFS, which are
deepening with time and OS HRs that numerically favored
the abemaciclib plus ET arm with HR , 1 (see Table 3 for
results from the OS IA1 time point). However, cohort 2’s
enrollment began approximately 11 months after cohort 1,
and patients had to have known Ki-67 score to be randomly
assigned. When evaluating cohort 2 alone, which repre-
sented a limited sample size (n 5 517 or 9% of total pa-
tients), an exploratory ad hoc analysis of IDFS revealed a
small number of events, making it difficult to interpret the
IDFS HR, which also had a wide CI. Thus, the statistically
significant IDFS improvement in the Ki-67 $ 20% pop-
ulation seen in cohorts 1 and 2 combined was driven by the
patients in cohort 1. Considering that patients treated with
abemaciclib plus ET experienced more toxicities than pa-
tients who were treated with ET alone, this added toxicity
was not deemed justified for patients in cohort 2 on the basis
of the current data available for evaluation. Testing of IDFS in

TABLE 2. Summary of Demographic and Disease Characteristics for monarchE (ITT and cohort 1 Ki-67 $ 20% population) (continued)

Characteristic

ITT FDA-Approved Population: Cohort 1 Ki-67 ‡ 20%

Abemaciclib 1 ET (n 5 2,808) ET (n 5 2,829) Abemaciclib 1 ET (n 5 1,017) ET (n 5 986)

Histopathologic grade, No. (%)

G1—favorable 209 (7.4) 216 (7.6) 37 (3.6) 28 (2.8)

G2—moderately favorable 1,377 (49.0) 1,395 (49.3) 357 (35.1) 338 (34.3)

G3—unfavorable 1,086 (38.7) 1,064 (37.6) 583 (57.3) 579 (58.7)

Gx—grade cannot be assessed 126 (4.5) 141 (5.0) 40 (3.9) 38 (3.9)

Missing 10 (0.4) 13 (0.5) 0 (0.0) 3 (0.3)

Progesterone receptor status, No. (%)

Negative 298 (10.6) 295 (10.4) 136 (13.4) 128 (13.0)

Positive 2,426 (86.4) 2,456 (86.8) 851 (83.7) 825 (83.7)

Unknown 23 (0.8) 21 (0.7) 7 (0.7) 5 (0.5)

Missing 61 (2.2) 57 (2.0) 23 (2.3) 28 (2.8)

NOTE. Data cutoff: July 8, 2020.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ET, endocrine therapy; FDA, US Food and Drug Administration; ITT,

intent-to-treat.

TABLE 3. Efficacy Results in monarchE at the Time of OS Interim Analysis 1a (ITT population, Ki-67 $ 20% populations)

Efficacy Parameter

ITT Ki-67 ‡ 20% (cohort 1 1 2)
FDA-Approved Population:
Ki-67 ‡ 20% (cohort 1)

Abemaciclib 1 ET
(n 5 2,808)

ET
(n 5 2,829)

Abemaciclib 1 ET
(n 5 1,262)

ET
(n 5 1,236)

Abemaciclib 1 ET
(n 5 1,017)

ET
(n 5 986)

IDFS events, No. (%) 232 (8) 333 (12) 118 (9) 172 (14) 104 (10) 158 (16)

HR (95% CI) 0.696 (0.588 to 0.823) 0.663 (0.524 to 0.839) 0.626 (0.488 to 0.803)

P , .0001b .0006b .0002b

OS events, No. (%) 96 (3) 90 (3) 48 (4) 55 (4) 42 (4) 53 (5)

HR (95% CI) 1.091 (0.818 to 1.455) 0.851 (0.577 to 1.255) 0.767 (0.511 to 1.152)

Abbreviations: ET, endocrine therapy; FDA, US Food and Drug Administration; HR, hazard ratio; IDFS, invasive disease-free survival; ITT, intent-to-treat;
OS, overall survival.

aData cut off: April 1, 2021.
bNominal P value.
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The immature OS analysis showed a nonsignificant HR > 
1 showing a potential detriment with abemaciclib plus 
ET in the ITT population. 

The point estimate numerically favors the abemaciclib plus ET 
arm (HR 0.767; 95% CI, 0.511 to 1.512) and do not indicate a 
detrimental effect of treatment with adjuvant abemaciclib
plus ET. 

OS Interim Analysis (ITT population, Ki67 ≥20% populations)

Royce M, J Clin Oncol 2022



On October 12,2021, the Food and Drug Administration approved abemaciclib

(Verzenio,Eli Lilly and Company)with endocrine therapy (tamoxifen or an aromatase

inhibitor) for adjuvant treatment of adult patients with hormone receptor (HR)-

positive, human epidermal growth factor receptor 2 (HER2)-negative, node-

positive, early breast cancer at high risk of recurrence and a Ki-67 score

≥20%, as determined by an FDA approved test. This is the first CDK 4/6 inhibitor

approved for adjuvant treatment of breast cancer.

FDA also approved the Ki-67 IHC MIB-1 pharmDx (Dako Omnis) assay,

submitted by Agilent, Inc., as a companion diagnostic for selecting patients for this

indication.



monarchE: Conclusions

•Abemaciclib + adjuvant ET  demonstrated clinically 
meaningful improvement in IDFS & DRFS in HR+/HER2-
eBC

•Benefit is maintaned beyond 2-year treatment period

•Safety was consistent with profile of abemaciclib

•Ki-67 index was prognostic



Why PALLAS and monarchE were different?

• Different Risk of Recurrence
• Different Discontinuation rate
• Different mechanism of action
• Kinase inhibitory activity
• Effect on cell-cycle
• Schedule



PALLAS MONARCH-E

T≥3 25% 21.6%

≥ 4  nodes 37.8% 59.9%

Grade 3 29% 38.7%

Ki 67 ≥ 20 N/A 44.9%

Articles
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clinicopathological subgroups, including a high-clinical-
risk cohort, did not identify a subpopulation of patients 
benefiting from adjuvant palbociclib. In addition to the 
continued long-term follow-up that is essential to examine 
long-term outcomes in patients with hormone-receptor-
positive luminal breast cancer, an ongoing translational 
science programme will explore patient subgroups to 
identify tumour biology features that might predict benefit 
from adjuvant palbociclib therapy.

There are several potential explanations for the observed 
lack of benefit of palbociclib in the PALLAS trial. One 
consideration is whether the drug duration or exposure, 
or both, were adequate. A substantial proportion of 
patients in the palbociclib plus endocrine therapy group 
stopped palbociclib before 2 years, and lack of adequate 
exposure to palbociclib might have prevented an accurate 
evaluation of drug benefit. Much of the early 
discontinuation was protocol-mandated and related to 
neutropenia. Early discontinuation persisted despite 
active outreach efforts to reduce non-protocol-mandated 
discontinuations. As it is not known which combination 

of treatment duration and dose intensity best comprises 
adequate CDK4/6 inhibitor exposure in the early breast 
cancer setting, additional ongoing exploratory analyses 
will fully characterise the impact of early discontinuation 
and variable exposure of palbociclib on efficacy outcomes. 
Additionally, analysis of patient-reported outcomes and 
adherence questionnaires will offer insight into the 
experience of receiving adjuvant palbociclib and impact 
on adherence to oral therapies.

An additional explanation for the results of the PALLAS 
trial relates to the tumour type under study. Hormone-
receptor-positive breast cancer is a heterogeneous 
disease, comprising both indolent luminal A-like cancers 
(which might be more hormone driven and have greater 
sensitivity to endocrine therapies) and proliferative 
luminal B-like cancers (which have a higher risk of early 
recurrence, primary endocrine resistance, and potentially 
greater sensitivity to chemotherapy-like therapies).23 It is 
not well established whether palbociclib provides greater 
benefit to one biological subgroup versus another, 
although no indication of preferential benefit by sub-

Hazard ratio
(95% CI)

pinteractionPalbociclib plus endocrine
therapy group

Events n/N 3-year invasive
disease-free
survival (95% CI)

Stage
IIA
IIB or III
T stage
T0, T1, Tis, or TX
T2
T3 or T4
N Stage
N0
N1
N2 or N3
Histological grade 
G1 or G2
G3
GX
Adjuvant or neoadjuvant chemotherapy
No
Yes
Age group, years
≤50
>50
Clinical risk
High
Low
All patients

 
 21/504
 149/2370

 26/557
 84/1603
 60/722

 14/367
 53/1427
 103/1088

 86/1922
 73/836
 11/122

 18/498
 152/2384

 79/1309
 91/1573

 131/1710
 29/1172
 170/2883

 
 25/509
 156/2359

 22/500
 101/1636
 58/741

 23/383
 53/1415
 105/1079

 100/1971
 71/767
 9/139

 27/507
 154/2370

 73/1304
 154/1370

 136/1672
 45/1205
 181/2877

0·99

0·60

0·50

0·56

0·36

0·29

0·87

 
 94·7 (91·4–96·7)
 85·6 (81·4–89·0)

 92·8 (88·9–95·4)
 90·0 (86·4–92·7)
 79·8 (69·8–86·8)

 95·5 (92·3–97·4)
 93·7 (91·4–95·5)
 75·0 (65·9–82·0)

 91·0 (87·9–93·3)
 83·2 (76·2–88·4)
 76·5 (42·5–92·0)

 94·9 (91·4–97·0)
 85·9 (81·7–89·1)

 85·9 (79·8–90·2)
 89·7 (86·5–92·2)

 81·9 (76·1–86·4)
 95·0 (92·8–96·5)
 88·2 (85·2–90·6)

Endocrine therapy
alone group

Events n/N 3-year invasive
disease-free
survival (95% CI)

1·00·50·25 2·0 4·0

Favours endocrine
therapy

Favours palbociclib
plus endocrine therapy

 
 0·91 (0·51–1·63)
 0·92 (0·73–1·15)

 1·10 (0·62–1·94)
 0·84 (0·63–1·12)
 1·01 (0·70–1·44)

 0·65 (0·33–1·26)
 1·02 (0·70–1·50)
 0·89 (0·68–1·17)

 0·88 (0·66–1·18)
 0·89 (0·65–1·24)
 1·43 (0·59–3·44)
 
 0·71 (0·39–1·28)
 0·96 (0·77–1·20)

 1·06 (0·77–1·45)
 0·84 (0·64–1·11)

 0·89 (0·70–1·13)
 0·93 (0·61–1·43)
 0·93 (0·75–1·14)

 
 92·9 (88·9–95·5)
 86·6 (82·7–89·6)

 93·3 (89·3–95·8)
 89·0 (85·5–91·7)
 82·4 (73·6–88·5)

 89·4 (83·0–93·5)
 93·4 (90·2–95·6)
 79·3 (71·7–85·1)

 90·6 (87·5–93·0)
 82·8 (76·7–87·5)
 89·6 (78·6–95·1)
 
 91·7 (86·7–94·8)
 87·4 (84·0–90·1)

 88·6 (86·7–94·8)
 87·4 (84·0–90·1)

 83·6 (78·7–87·7)
 93·1 (89·8–95·3)
 88·5 (85·8–90·7)

Figure 3: Subgroup analyses of invasive disease-free survival
High clinical risk disease includes: more than four nodes involved (>N2), or one to three nodes with either T3 or T4 or grade 3 disease, or both.
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Different Risks of Recurrence

58.7% had high clinical risk disease
in PALLAS trial: 

• >4 nodes involved (>N2) or

• 1-3 nodes with either T3-T4 and/or
G3 disease



The protocol guidance for management of neutropenia was
designed to be conservative in the adjuvant survivorship
setting. It is possible this conservative trial guidance, or fear
of infectious complications in the curative setting, may have
increased the rate of early discontinuation for toxicity, es-
pecially in regions less familiar with palbociclib manage-
ment. However, in contrast to chemotherapy, the immune
system remains intact with palbociclib-associated neu-
tropenia, demonstrated in the metastatic trials where very
few serious infections were observed despite at least 50% of
patients experiencing grade 3/4 neutropenia.3,4 It has also
been demonstrated that dose reductions do not appear to
lead to decreased efficacy from palbociclib,10 and neu-
tropenia may even be a pharmacodynamic marker of
treatment efficacy.11 This information provides reassurance
to patients and providers regarding the safety of palbociclib
despite observed rates of neutropenia.

It is important to put the rates of discontinuation observed in
PALLAS into the context of oral medications used in the
adjuvant breast cancer setting. Despite the remarkable
benefits gained from the use of adjuvant ET, it is well

established that rates of adherence to ET decline over the
years of administration, highlighting the challenge for
cancer survivors to take long-term well-tolerated oral
medications.12,13 Of note, rates of discontinuation of ad-
juvant ET in PALLAS were low and not affected by exposure
to or discontinuation of palbociclib.

Multiple adjuvant experiences have demonstrated the
challenge for higher-risk patients to receive extended
courses of novel agents in the adjuvant setting. The UNI-
RAD trial found that the addition of a planned 2 years of the
mTOR inhibitor everolimus did not improve iDFS in patients
with HR1, HER2– breast cancer receiving ongoing adju-
vant ET.14 In this trial, 53.4% of patients were unable to
complete the planned therapy, with 35.3% stopping for
toxicity. In ECOG 5103, a study evaluating adjuvant che-
motherapy with or without bevacizumab for HER2– breast
cancer, 71% of patients were unable to complete a planned
1 year of maintenance bevacizumab.15 The International
Breast Cancer Study Group Trial 22-00 studied the addition
of 1 year of maintenance adjuvant metronomic oral cy-
clophosphamide and methotrexate in HR1 disease.
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FIG 5. Per-protocol analysis of iDFS in palbociclib 1 ET versus ET alone in adherent patients (ie, without
non–protocol-defined discontinuation). Naive analysis is a simple, unadjusted comparison between arms;
IPTW analysis is a comparison between arms after balancing groups on baseline characteristics (see
Statistical Analysis). ET, endocrine therapy; iDFS, invasive disease-free survival; IPTW, inverse probability
treatment weighted; Palbo, palbociclib. The results of the PALLAS trial of the CDK4/6 inhibitor palbociclib as
adjuvant therapy for HR1, HER2– breast cancer cannot be explained by inadequate exposure to palbociclib;
neither longer duration of palbociclib therapy nor greater drug exposure intensity predicted improved clinical
outcomes. The development of novel agents in the adjuvant oncology setting can be challenging, and
highlights the need for effective interventions to help improve persistence with oral cancer therapies.
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iDFS in palbociclib + ET versus ET alone in adherent patients

Mayer EL, J Clin Oncol 2022; Harbeck N, Ann Oncol 2021

Different Discontinuation Rate

PALLAS Trial
42.2% treatment discontinuation

Monarch-E
16% treatment discontinuation
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treatment with abemaciclib as single agent, with a 
measured reduction in tumor volume (regression) at the 
highest dose (75 mg/kg) (Figure 7A–7C). Notably, the 
analysis of the tumors isolated from mice treated for 5 
days showed that the inhibition of tumor growth correlated 
with inhibition of phospho-(Ser780/807/811)-Rb as well 
as the inhibition of cell cycle progression as indicated by 
the inhibition of the expression of Topo IIα and phospho-
(Ser10)-H3 observed on Western blots (Figure 7D). The 

lack of inhibition of either phosphorylation of serine 2 on 
the C-terminal domain (pCTD) repeat on RNA polymerase 
II or MCL1 expression, indicated that CDK9 was not 
inhibited at any dose of abemaciclib (Figure 7D), thereby 
providing additional evidence for antitumor activity 
through inhibition of CDK4 and CDK6. 

This specificity of abemaciclib for CDK4 and 
CDK6 is further supported by mRNA expression studies 
which showed that treatment with abemaciclib resulted 

Figure 5: Cell number, senescence and DNA fragmentation in MCF7 cells treated with abemaciclib, palbociclib, or 
ribociclib. (A–C) MCF7 cells were treated with DMSO, 0.125 µM or 0.5 µM of the CDK4 and CDK6 inhibitors abemaciclib (A), 
palbociclib (B), or ribociclib (C). The viable cell number was determined by PI staining, the % of β-gal positive cells was determined using 
an antibody to β-gal, and the % of Tunel positive cells was determined by the incorporation of labelled dUTP. The data are plotted as the 
mean (+/- SD) of 2 experiments for CDK4 and CDK6 inhibitor treatment, and the mean of 6 experiments (+/- SD) for untreated samples. 
The duration of treatment is plotted along the x-axis in doubling times (DT) for MCF7 cells. 
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Fragmentation of DNA ends and sencescene assesed using TUNEL staining

Ribociclib Palbociclib Abemaciclib

Different mechanisms of action

• Abemaciclib studies report high IC50s: 2 nM for CDK4 and 10 nM for CDK6. 

• Continuous inhibition yields cell arrest

• Induction of senescence and apoptosis
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

placebo–fulvestrant group (hazard ratio, 1.07; 
95% CI, 0.61 to 1.86; P = 0.25 for interaction) 
(Fig. 1B, and Fig. S3B in the Supplementary Ap-
pendix).

An exploratory subgroup analysis evaluated 
overall survival according to ESR1 and PIK3CA 
mutation status, as assessed in baseline circulat-
ing tumor DNA. The median overall survival was 
longer with palbociclib–fulvestrant than with 
placebo–fulvestrant among patients with base-

line ESR1 mutations than among those without 
such mutations (absolute difference, 11.0 months 
among patients with ESR1 mutations and 4.7 
months among those without such mutations; 
P = 0.60 for interaction) (Fig. 1B). The absolute 
between-group differences in overall survival were 
similar among patients with baseline PIK3CA 
mutations and those without such mutations 
(6.4 months and 5.8 months, respectively; P = 0.64 
for interaction) (Fig. 1B).

Figure 2. Overall Survival According to Patients’ Sensitivity to Previous Endocrine Therapy.

Tick marks indicate censored data.
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Of the 461 patients who received any postdiscontinua-
tion therapy, the first subsequent therapy was chemo-
therapy for 209 patients (45.3%), single-agent ET for 119
patients (25.8%), and an everolimus-based therapy for
80 patients (17.4%). Median duration of chemotherapy was
4.4 months and 4.6 months in the abemaciclib arm and pla-
cebo arm, respectively. Median duration of single-agent ET
was 5.3 months in the abemaciclib arm and 4.8 months in
the placebo arm, and median duration of everolimus-based
therapy was 4.5 months and 8.8 months in the abemaciclib
arm and placebo arm, respectively. Overall, the duration of
these classes of postdiscontinuation therapy was similar
across arms with the exception that abemaciclib may have
affected the duration of everolimus-based postdiscontinua-
tion treatment options. However, because of the small
sample size of the everolimus-based therapy group, further
follow-up study is warranted.

Other Exploratory End Points
Consistent with the primary analysis,1 the updated PFS from
this interim analysis was significantly improved by the addi-

tion of abemaciclib to fulvestrant (HR, 0.536; 95% CI, 0.445-
0.645) (eFigure 2A in Supplement 2). Median PFS was 16.9
months in the abemaciclib arm and 9.3 months in the pla-
cebo arm. The 3-year PFS rate was 29.9% in the abemaciclib
arm vs 10.1% in the placebo arm.

Time to second disease progression, TTC, and CFS
were all statistically significantly prolonged with the
addition of abemaciclib to fulvestrant. Median PFS2 was
23.1 months in the abemaciclib-treated arm vs 20.6 months
in the placebo arm (HR, 0.675; 95% CI, 0.558-0.816) (eFig-
ure 3 in Supplement 2). Median TTC (censoring patients
who died prior to receiving chemotherapy) was 50.2
months in the abemaciclib arm vs 22.1 months in the pla-
cebo arm (HR, 0.625; 95% CI, 0.501-0.779) (eFigure 4A in
Supplement 2). In the abemaciclib arm, 70 patients (15.7%)
vs 41 patients (18.4%) in the placebo arm died prior to
receiving any chemotherapy. Chemotherapy-free survival
(including both chemotherapy and death as events) was
25.5 months in the abemaciclib arm vs 18.2 months in the
placebo arm (HR, 0.638; 95% CI, 0.527-0.773) (eFigure 4B in
Supplement 2).

Figure 5. Kaplan-Meier Curves of Overall Survival by Resistance to Endocrine Therapy
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A, The median overall survival (mOS)
in patients with primary endocrine
therapy resistance was 38.7 months
vs 31.5 months in the abemaciclib arm
vs placebo arm. B, In patients with
secondary endocrine therapy
resistance, mOS was 48.8 months vs
40.7 months in the abemaciclib vs
placebo arms. HR indicates
hazard ratio.
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Different mechanisms of action



Unanswered questions about iCDKs in EBC

• Who needs adjuvant iCDK 4/6 therapy?
• Better biomarkers apart from stage

• What is the long-term impact from the adjuvant use of iCDK4/6?
• Abemaciclib prevents early recurrences (Endocrine resistant disease)
• Effect in late recurrences (endocrine sensitive) and OS is unknown
• Longer follow-up is needed

• What is the optimal duration of adjuvant iCDKs?
• Is there any benefit in intermediate risk tumors?
• Role of iCDKs in neoadjuvant setting
• Compliance and safety in real world practice


