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Mechanisms of Action of CDK4/6 Inhibitors

Reprinted from The Lancet, 395, Spring LM, et al. Cyclin-dependent kinase 4 and 6 inhibitors for hormone receptor-positive breast cancer: past, present, and future. 817–27, 2020, 
with permission from Elsevier.



Cheng L, et al. Cancer Epidemiol Biomarkers Prev. 2012;21:800-809.

Is There a Role for CDK4/6 Inhibition for 
Early-Stage HR+ Disease?
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WSG PlanB Trial in Luminal B Early Breast Cancer 
Tumor Biology and Ki-67 Impact Survival

Nitz U, et al. Breast Cancer Res Treat. 2017;165:573-583.

Luminal A
Luminal B (intermediate proliferation)

Triple Negative
Luminal B (high proliferation)
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1. Denkert C et al. ASCO 2021. Abstract 519.

PENELOPE-B: IDFS by
Intrinsic Molecular Subtyping: LumB with high Ki-67 

LumA 663 604 555 405 176 32 1
LumB 64 53 45 33 19 3 0
NormL 135 125 117 93 45 6 0
BasalL 16 8 7 5 3 0 0
HER2E 28 17 14 6 3 1 0

Time, mo

Gene expression data 
(906 of 1,250 [72%] patients)
• 663 LumA
• 64 LumB
• 135 NormL
• 16 BasalL and 28 HER2E

ID
FS

, %
86.8% (81.1%-92.8%)

81.7% (78.7%-84.8%)

59.0% (47.9%-72.8%)

39.0% (24.0%-63.4%)

37.5% (19.9%-70.6%)



Pagani O, et al. J Clin Oncol. 2020;38:1293-1303.

Prognostic Factors for Premenopausal ER+ Pts: 
SOFT and TEXT Trials: High Ki-67 



monarchE Study Design (NCT03155997)

Cohort 1: High risk based on clinical 
pathological features

• ≥4 ALN OR 
• 1-3 ALN and at least 1 of the below:

- Grade 3 disease
- Tumor size ≥5 cm

Other criteria: 
• Women or men 
• Pre-/ post menopausal
• With or without prior neo- and/or

adjuvant chemotherapy
• No metastatic disease
• Maximum of 16 months from surgery to randomization and 12 weeks 

of ET following the last non-ET

R 1:1
N = 5637a

ITT includes both 
Cohort 1 and Cohort 2

Stratified for:
• Prior chemotherapy
• Menopausal status
• Region

Primary Objective: Invasive Disease-Free Survival (IDFS)
Secondary Objectives: IDFS in high Ki-67 populations, Distant Relapse-Free 
Survival (DRFS), Overall Survival (OS), Safety, PK, Patient Reported 
Outcomes

Cohort 2: High risk based on Ki-67

• 1-3 ALN and
• Ki-67 ≥20%c and
• No Grade 3 and tumor size not ≥5 cm

HR+, HER2-, high-
risk EBC

aRecruitment from July 2017 to August 2019; bEndocrine therapy of physician’s choice [e.g. aromatase inhibitors, tamoxifen, LHRH agonist]; cKi-67 expression centrally assessed in all patients from both cohorts with suitable untreated breast 
tissue using Ki-67 immunohistochemistry Assay by Dako/Agilent
Abbreviations: ALN = positive axillary lymph nodes; CPF = clinicopathological features; HER2 = human epidermal receptor 2; HR = hormone receptor; ITT = intent-to-treat population; N = number of patients in the ITT population; R = 
randomized; SOC = standard of care

On-study treatment period

2 years

Follow-up period
Endocrine Therapy

3-8 years as clinically indicated

Abemaciclib 
(150mg twice daily)

+
Endocrine Therapy (SOC)b

Endocrine Therapy (SOC)b

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Baseline Characteristics of ITT Abemaciclib + ET
N=2808, %

ET Alone
N=2829, %

Age Median (range) 51 (23-89) 51 (22-86)
Age categories <65 years 84.4 85.4
Gender Female 99.3 99.5
Menopausal Status1 Premenopausal 43.5 43.5

Postmenopausal 56.5 56.5
Prior Chemotherapy1 Neoadjuvant 37.0 37.0

Adjuvant 58.5 58.2
None 4.5 4.7

Baseline ECOG PS 0 85.7 83.8
Pathologic Tumor Size <2 cm 27.8 27.1

2 - 5 cm 48.9 50.2
≥5 cm 21.6 21.6

Number of Positive 
Lymph Nodes

1-3 39.8 40.4
≥4 59.9 59.6

Histological Grade Grade 1 7.4 7.6
Grade 2 49.0 49.3
Grade 3 38.7 37.6

Central Ki-67 <20% 33.9 34.4
≥20% 44.9 43.6
Unavailable 21.1 21.8

Note: data generated at Primary Outcome analysis (July 2020); where values do not add up to 100%, remaining data are missing, unavailable, or could not be assessed
1Per Interactive Web Response System (IWRS)
Abbreviations: ECOG PS = Eastern Cooperative Oncology Group Performance Status; ET = Endocrine Therapy

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



IDFS Benefit Maintained with Additional Follow-up in ITT population

30.4% reduction in the risk of developing an IDFS event.
The absolute difference in IDFS rates between arms was 5.4% at 3 years.

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Consistent IDFS Treatment Benefit Observed in Prespecified Subgroups

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Abemaciclib Treatment Effect Over Time

Analysis 
landmark

IDFS DRFS
Events Piecewise HR*

(95% CI**)

Events Piecewise HR*
(95% CI**)Abemaciclib + ET ET Alone Abemaciclib + ET ET Alone

Year 0-1 93 116 0.795 (0.589, 1.033) 67 91 0.732 (0.520, 0.987)

Year 1-2 98 146 0.681 (0.523, 0.869) 85 129 0.675 (0.507, 0.875)

Year 2+ 41 71 0.596 (0.397, 0.855) 39 58 0.692 (0.448, 1.032)

* Piecewise hazard ratio was estimated using piecewise exponential model to assess the yearly treatment effect size
** 95% credible intervals were calculated by equal tails in the posterior samples of Bayesian exponential models

Increasing magnitude of IDFS and DRFS effect size from the first year to the second year,
with maintained treatment benefit beyond the 2-year study treatment period. 

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



IDFS in ITT Ki-67 High (≥ 20%) Population 

33.7% reduction in the risk of developing an IDFS event.
The absolute difference in IDFS rates between arms was 6.0% at 3 years.

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



IDFS in Cohort 1 Ki-67 High (≥ 20%) Population

37.4% reduction in the risk of developing an IDFS event.
The absolute difference in IDFS rates between arms was 7.1% at 3 years.

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Ki-67 as a prognostic marker in Cohort 1

Abemaciclib + ET ET Alone HR (95% CI)

Cohort 1 Ki-67 High, N = 2003
Patients, N 1017 986 0.626

(0.488, 0.803)Events, n 104 158
3-Year Rates 86.1% 79.0%

Cohort 1 Ki-67 Low, N = 1914
Patients, N 946 968 0.704

(0.506, 0.979)Events, n 62 86
3-Year Rates 91.7% 87.2%

As expected, high Ki-67 index was prognostic of worse outcome. 
However, abemaciclib benefit was consistent regardless of Ki-67 index.

Ki-67 is not 
predictive of 
abemaciclib 

benefit

Ki-67 is 
prognostic

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Mature Safety Findings Consistent with Previous Analyses 

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

All patients who received at least one dose of study treatment were included in the safety population

17.4% Abemaciclib discontinuation rate, 
6.5% for toxicity 

Joyce O’Shaughnessy, ESMO Virtual Plenary October 14, 2021



Adjuvant Abemaciclib for High-Risk, HR+/HER2-, 
Early Breast Cancer1,2

On October 12, 2021, the FDA approved 
abemaciclib for adjuvant treatment of adult 
patients with HR+/HER2-, node-positive, 

early breast cancer at high risk of 
recurrence and a Ki-67 score ≥20%, 

as determined by an FDA approved test

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

as a companion diagnostic for selecting 
patients for this indication

1. Harbeck N et al. Ann Oncol. 2021;S0923-7534(21)04494-X. 
2. https://www.fda.gov/drugs/resources-information-approved-drugs/oncology-cancer-hematologic-malignancies-approval-notifications.



• Higher-risk population: In PALLAS, no benefit with palbociclib in patients with N2/N3 disease (HR = 0.89, 95%CI, 
0.68-1.17); however, subset analysis, and need to exert appropriate caution

• Discontinuation: In PALLAS, no significant differences based on dose exposure noted; however, power limited 
by few events

• Differences in drugs: Continuous vs intermittent dosing in EBC vs MBC; spectrum and potency of kinome inhibition

Why Are the Results Different From Other Adjuvant Trials?

1. Loibl S et al. J Clin Oncol. 2021;39:1518-1530. 2. Mayer EL et al. Lancet Oncology. 2021:22:212-222. 3. Harbeck N et al. Ann Oncol. 2021;S0923-7534(21)04494-X. 

PENELOPE-B1 PALLAS2 MONARCH-E3

Sample size 1,250 5,600 5,637

Study population High risk Moderate to high risk High risk 

Study drug (duration) Palbociclib 
(1 year)

Palbociclib 
(2 years) Abemaciclib (2 years)

IDFS results, HR (95%CI) 0.93 (0.76-1.15) 0.93 (0.74-1.17) 0.69 (0.58-0.82)

3-year IDFS (P) 81.2% vs 77.7%
(NS)

88.2% vs 88.5% 
(NS)

88.8% vs 83.4%
(< .0001)

Discontinuation rate, % 17.5 42.2 17.4

Duration of follow-up, mo 42.8 23.7 27.1

Aditya Bardia, MD, Discussion monarchE, ESMO VP, 2021
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Abemaciclib vs Palbociclib: 
Primary Endocrine-Resistant Setting1-4

1. Turner NC et al. N Engl J Med. 2018;379:1926-1936. 2. Sledge GW et al. JAMA Oncol. 2020;6:116-124. 
3. Dicklet MN et al. Clin Cancer Res. 2017;23:5218-5224. 4. Wander SA et al. J Natl Compr Canc Netw. 2021;1-8. 
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Palbociclib + fulvestrant 73 64 53 39 27 19 17 16 3
Placebo + fulvestrant 38 33 28 22 16 11 9 8 2

Abemaciclib + fulvestrant 112 101 92 85 73 63 52 42 20 7 0
Placebo + fulvestrant 60 51 44 38 31 25 17 14 5 1 0

73      20.2 (17.2-26.4)
83      26.2 (17.5-31.8)
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Palbociclib + fulvestrant

Placebo + fulvestrant

Hazard ratio for death, 1.14 (95% Cl, 0.71 – 1.84)
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HR = 0.686 (95% CI, 0.451-1.043)
Placebo + fulvestrant

OS in Primary Endocrine-Resistant MBC

MONARCH 2

PALOMA-3

Clinical Benefit With Abemaciclib Post-Palbociclib

Single-Agent Activity With Abemaciclib
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• Seemingly similar drugs, but there may be differences in different settings
• Deeper understanding of kinome differences might help identify novel targets  
• Hypothesis generating, and ideally, we need a randomized clinical trial to compare the drugs 

(neoadjuvant?)

Abemaciclib vs Palbociclib: Molecular Differences1,2

Chen P et al, Mol Cancer Ther 2016;      Hafner M et al, Cell Chem Bio 2019
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a Premenopausal and male patients will also receive goserelin 3.6 mg/28 d.
1. Slamon et al. J Clin Oncol. 2019;37(suppl 15):TPS597-TPS597.

Ongoing Adjuvant CDK4 and 6 Inhibitor Trial: NATALEE1

Primary objective: IDFS (STEEP criteria)
Key secondary objectives: RFS, distant DFS, OS, 
PROs, PK, and safety

HR+/HER2-, early breast cancer

• Anatomic stage II (either N0 
with grade 2-3 and/or Ki-67 ≥20% 
or N1) or III EBC

Other criteria 
• Women or men 
• Pre-a/post-menopausal
• With or without prior adjuvant/neoadjuvant chemo
• No distant metastases

Ribociclib 400 mg/day 
(3 weeks on/1 week off) for ≥3 years

+ endocrine therapy (letrozole or anastrazole)
continues to 60 months

Endocrine therapy (duration 60 months) 

Estimated 
N = 4,000

R


