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Abstract:More than two-thirds of patients with breast cancer present with hormone receptor (HR)-positive, human epidermal growth
factor receptor-2 (HER2)-negative disease at their initial diagnosis. HR-positive breast cancer’s growth depends on Cyclin D1, a direct
transcriptional target of estrogen receptors (ER). The recent introduction of cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors
(palbociclib, ribociclib, and abemaciclib) has revolutionized the treatment of metastatic HR-positive, HER2-negative breast cancer in
both endocrine-sensitive and endocrine-resistant settings and in both pre-and post-menopausal women. Multiple large randomized
clinical trials had demonstrated improvement in progression-free survival (PFS) and, more recently, in overall survival (OS). Adjuvant
endocrine therapy (ET) significantly reduces the risk of recurrence and death among patients with HR-positive early-stage breast
cancer (EBC). However, up to 20% of these patients will experience local, regional or distal recurrences in the first ten years. Such
resistance to ET motivated researchers to try CDK4/6 inhibitors in EBC, both in adjuvant and neoadjuvant settings. While many
clinical trials are still ongoing, at least one study and two meta-analyses had shown beneficial results, based on which the US Food and
Drug Administration had recently approved the use of one of these agents, abemaciclib, in combination with ET for the adjuvant
therapy of patients with high-risk EBC. In this paper, we review the recently published and ongoing landmark clinical trials attempting
to expand the use of CDK4/6 inhibitors, in combination with ET, in the adjuvant setting of EBC.
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Introduction
Globally, breast cancer is the most commonly diagnosed cancer among females.1–3 Despite successful efforts in early
detection and the recent advances in therapeutic interventions, it remains a leading cause of cancer-related mortality in
females.4 In 2020, an estimated 2.26 million new breast cancer cases were diagnosed, with over 675,000 related deaths
worldwide.4

Seventy percent of all breast cancer patients present with hormone receptor (HR)-positive, human epidermal growth
factor receptor-2 (HER2)-negative disease at their initial diagnosis.5–7 The HR-positive breast cancer growth depends on
Cyclin D1, a direct transcriptional target of estrogen receptors (ER).8 Cyclin D1 activates Cyclin-Dependent Kinase
(CDK) 4/6, resulting in G1-S phase transition and entry to the cell cycle.9,10 Resistance to ET is associated with
continued dependence on Cyclin D1 and CDK 4/6.11

CDK4/6 inhibitors (palbociclib, ribociclib, and abemaciclib) have revolutionized the treatment of metastatic HR-
positive, HER2-negative breast cancer, in both endocrine sensitive12–15 and endocrine-resistant settings,16–20 with nearly
doubling of progression-free survival (PFS). Recently published data have shown significant improvement in overall
survival (OS), too.21,22 Such dramatic improvements in treatment outcomes were seen in both premenopausal,23,24 and
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post-menopausal settings, and they appear to be independent of the ET partner.25 More recent studies have shown that the
benefit of CDK4/6 inhibitors may extend to include patients with HER2-positive disease as well.26,27

Although adjuvant ET significantly reduces the risk of recurrence and death among patients with HR-positive early-
stage breast cancer (EBC), some patients may experience recurrence; either locally or as metastatic disease.28 These
concerns encourage clinicians and scientists to search for ways to improve treatment outcomes in the adjuvant setting,
especially in high-risk patients.

This paper reviews the recently published and ongoing clinical trials attempting to introduce CDK4/6 inhibitors in
treating HR-positive, HER2-negative EBC in the adjuvant setting.

CDK4/6 in Advanced Breast Cancer
The very first CDK4/6 inhibitor, palbociclib, was granted accelerated approval in 2015 for women with untreated
metastatic hormone receptor positive, HER2 negative breast cancer, based on the results of a randomized Phase 2 study
conducted in front line setting (PALOMA-1 trial).29

Palbociclib, ribociclib, and abemaciclib, the three available CDK4/6 inhibitors, were tried initially as a second
line,16,17,30 then in the upfront treatment of metastatic breast cancer (mBC).13,23,30,31 Recently, the US Food and Drug
Administration (FDA) performed a pooled analysis of seven phase-3 clinical trials that enrolled a total of 4200 patients
using CDK4/6 inhibitors in the first-line setting with aromatase inhibitors (AI) or with fulvestrant in any setting. Among
participants who received the CDK4/6 inhibitors in the frontline setting combined with an AI, median PFS improved by
13.1 months (HR, 0.55).32 The difference in median PFS was 7.4 months (HR, 0.56) for those who received a CDK4/6
inhibitor with fulvestrant, irrespective of the line of therapy. A PFS benefit is consistent irrespective of progesterone
receptor (PR) status, the disease-free interval from adjuvant therapy (either more or less than 12 months), de novo
metastatic disease, lobular histology, or bone-only metastases.32

Adverse Event Profile of CDK4/6 Inhibitors
Since the introduction of CDK4/6 inhibitors, clinicians have had to deal with many predictable adverse events (AEs);
none impacted the wider adoption of these agents, even in heavily pretreated patients.

A recently published systematic review and meta-analysis of randomized controlled trials with 3685 patients
addressed common AEs.33 This review showed a higher incidence of hematological toxicity (neutropenia, leukopenia,
thrombocytopenia, and anemia), along with fatigue, diarrhea, nausea, and transaminitis, Table 1.

Table 1 Common Adverse Events*

Adverse Events Risk Ratio (RR) 95% Confidence Interval (CI) P-value

Leukopenia 29.33 14.80–58.14 <0.00001

Neutropenia 28.86 15.01–55.48 <0.00001

Febrile neutropenia 4.31 1.33–13.99 0.01

Thrombocytopenia 2.84 1.47–5.47 0.002

Anemia 2.58 1.56–4.26 0.0002

Fatigue 8.39 4.27–16.47 0.00001

Diarrhea 3.99 1.05–15.10 0.04

Increased ALT 4.14 2.46–6.95 0.00001

Increased AST 2.58 1.02–6.57 0.05

Note: *Common adverse events are as per results in a meta-analysis by Yang et al.33

Abbreviations: ALT, alanine aminotransferase; AST, aspartate transaminase.
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Neutropenia is a class side effect of CDK4/6 inhibitors, and grade 3–4 neutropenia were very common in the
PALOMA, MONALEESA, and MONARCH clinical trials, with an incidence of 65% in palbociclib, 58% with ribociclib
and lowest with abemaciclib (22–27%). However, the rate of febrile neutropenia did not exceed 2% with any of the three
agents, which is extremely low when compared with chemotherapy.34,35 The huge difference between chemotherapy and
CDK4/6 inhibitors-associated neutropenia can be attributed to the difference in their mechanisms of action; CDK4/6
inhibitors induce cell cycle arrest without DNA damage or apoptosis of proliferating neutrophil precursor cells, as in
chemotherapy, making neutrophil count recovery much quicker with CDK4/6 inhibitors, compared to chemotherapy.36

For the same reason, neutropenia with CDK4/6 inhibitors is managed by dose interruption and reduction, with no role for
granulocyte colony-stimulating factor (G-CSF).

Diarrhea may occur with all three CDK4/6 inhibitors, but more frequently with abemaciclib, which is considered the
most potent CDK4/6 inhibitor and is approximately five times more potent against CDK4 than CDK6, which may also
explain the less hematological toxicity exerted by abemaciclib.37 In the MONARCH-2 trial, 13.4% of the patients on
abemaciclib had Grade-3 diarrhea, which can be managed by increasing fluid intake and antimotility agents.18

Prolongation of the QTc interval, seen mainly with ribociclib, may lead to a type of ventricular tachycardia, known as
torsades de pointes, resulting in ventricular fibrillation.38 In randomized ribociclib trials, QTc interval prolongation
experienced by patients was reversible and managed by dose interruption and reduction, without any clinical conse-
quences. Treatment with ribociclib is recommended only in patients with QTc < 450 msec. The use of ribociclib in
patients at high risk for developing QTc prolongation and uncontrolled cardiac diseases must be avoided. Additionally,
the concomitant use of ribociclib with medications known to prolong the QTc interval is strongly discouraged.39

Stomatitis, though not frequently encountered, it can be disturbing. In one meta-analysis study that involved a total of
2980 patients enrolled in 6 studies, the pooled relative risk (RR) of any-grade stomatitis was 2.02 (95% CI: 1.65–2.48).
Higher RRs were observed among patients receiving letrozole (8.50, 95% CI: 2.22–32.57) or palbociclib-containing
regimens (2.44, 95% CI: 1.88–3.18).40

CDK4/6 Inhibitors in Adjuvant Setting
The efficacy of CDK4/6 inhibitors in the adjuvant setting had been tested in 5 major clinical trials; 3 were recently
published, one ribociclib trial (EarlEE-2) was held,41 while the fifth (NATALEE) remains ongoing.42

These trials evaluated the efficacy of CDK4/6 inhibitors in an almost similar setup, assessing the improvement in
invasive disease-free survival (iDFS) in both pre- and post-menopausal women. However, the duration of therapy varied;
ribociclib was given for 3 years in NATALEE,42 abemaciclib for 2 years in monarchE,43 palbociclib for 2 years in
PALLAS, and 1 year in PENELOPE-B, Table 2.44,45

Palbociclib Adjuvant Clinical Trials
Palbociclib had been tested in two clinical trials in two different settings. The first, the PALLAS trial, used palbociclib as
an addition to the routinely used ET in regular adjuvant settings, while in the other trial, the PENELOPE-B, palbociclib
was given following neoadjuvant chemotherapy and surgery to minimize the chance of recurrence in patients with
residual disease.

The PALLAS was a Phase III open-label clinical trial designed to evaluate the potential efficacy of the CDK4/6
inhibitor, palbociclib, in the adjuvant setting of EBC. In this study, 5761 patients with HR-positive, HER2-negative stage
II–III breast cancer were randomized, within one year from the diagnosis, and within 6 months of receiving adjuvant ET,
to palbociclib 125 mg daily, 3 weeks on/1 week off for two years, in combination with adjuvant ET versus ET alone. The
primary endpoint was iDFS in an intention to treat (ITT) analysis. After a median follow-up of 31 months, iDFS was not
improved by adding palbociclib. The 4-year iDFS was 84.2% for palbociclib-containing arm versus 84.5% for ET alone
arm (HR, 0.96, 95% confidence interval (CI) 0.81–1.14; P=0.65), crossing a pre-specified futility boundary.

The distant relapse-free survival (dRFS) was not different, either; 86.2% in patients who received ET plus palbociclib
and 87.8% in patients treated with ET alone (HR, 1.05 (95% CI, 0.87 to 1.28). No specific subgroup seemed to benefit
from the addition of palbociclib to ET.44 At an earlier interim analysis, the independent data monitoring committee
recommended discontinuing palbociclib in patients still receiving it. The AEs within the palbociclib arm were a major
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issue, with two-thirds of patients developing grade-3 or 4 AEs. Compared to less than 10% in the control arm, early
discontinuation of palbociclib was encountered in 44.9% of patients; majority were because of AEs.44,45

The PENELOPE-B trial was a double-blinded, randomized, phase-3 trial in which 1250 patients with HR-positive,
HER2-negative early breast cancer with a residual invasive disease after taxanes-based neoadjuvant chemotherapy, and at
high-risk of relapse were randomized to 1 year of palbociclib 125 mg daily, 3 weeks on/1 week off, plus standard ET
versus standard ET with placebo for 1 year.

After a median follow-up of 42.8 months, the longest follow-up among all reported adjuvant and neoadjuvant CDK4/6
inhibitors trials, the palbociclib did not result in any improvement in iDFS over the placebo arm (HR, 0.93; 95%CI, 0.74–1.17;
P=0.525), a finding that was consistent among all subgroups. One of the interesting observations in this trial was the early
separation of iDFS curves at the 2 years and 3 years’ time points. Palbociclib seemed to add some benefit; however, these
benefits disappeared by longer follow up, and the curves converged again. Similarly, the OS, one of the secondary endpoints,
was not different between the two groups (HR, 0.87; 95% CI 0.61–1.22; P =0.420). There was no difference between both
arms in the incidence of grade 3 or 4 non-hematological AEs; 19.9% versus 19.0%. In other serious AEs, 8 fatal cases were
reported; 6 in the control arm and 2 in the experimental arm. As with other CDK4/6 inhibitors trials, palbociclib showed

Table 2 Summary of Adjuvant Clinical Trials

PALLAS 44,45 PENELOPE-B 46 monarchE 43,49 NATALEE 42

CDK4/6 inhibitor Palbociclib
125 mg daily

3 weeks on/1 week

off

Palbociclib
125 mg daily

3 weeks on/1 week off

Abemaciclib
150 mg daily

continuous

Ribociclib
400 mg daily

3 weeks on/1

week off

Number of patients 5761 1250 5637 4000 (estimated)

Study design Phase 3

Randomized
Open label

Phase 3

Randomized
Placebo controlled

Phase 3

Randomized
Open label

Phase 3

Randomized
Open label

Patients’ characteristics Stage II–III High risk after neoadjuvant chemotherapy High risk* Stage II–III

Duration of CDK4/6

treatment

2 years 1 year 2 years 3 years

Median Follow Up (Months) 31 42.8 19 -

Primary endpoint iDFS iDFS iDFS iDFS

Secondary endpoint DRFS, LRRFS, OS,
safety

IDFS by molecular subtype, DRFS, OS,
safety, PK and QoL

DRFS, OS, PK PROs,
safety

RFS, DDFS, OS,
PROs, PK

Dose Reduction (%)
Discontinuation rate (%)

Discontinuation due SAEs

55.2%
44.9%

27.1%

47.6%
20.0%

5%

42.7%
27.7%

17.2%

-

iDFS CDK4/6

arm

84.2% 81.2% 92.3% -

Control 84.5% 77.7%9 89.3% -

HR HR = 0.96, 95% CI,
0.81–1.14

P= 0.65

HR=0.93, 95% CI, 0.74–1.17
P= 0.525

HR= 0.713, 95% CI,
0.583–0.871

P= 0.0009

-

Notes: *The trial had 2 cohorts; cohort 1 included patients with ≥ 4 lymph nodes, or those with 1–3 lymph nodes and either tumor size ≥ 5 cm, or grade-3. The second
cohort included patients with 1–3 lymph nodes, grade 1–2, and tumor size < 5 cm, but with Ki-67 ≥ 20%.
Abbreviations: CDK4/6i, cyclin-dependent kinases 4 or 6 inhibitors; CI, confidence interval; DRFS, distant relapse-free survival; HR, hazard ratio; iDFS, invasive disease-
free survival; LRRFS, loco-regional recurrences-free survival; OS, overall survival; PK, pharmacokinetics; PROs, patients reported outcomes; QoL, quality of life; SAEs,
serious adverse events.
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a lower incidence of menopausal symptoms, namely hot flushes and arthralgia, than ET alone. Only 20% discontinued
palbociclib prematurely and did not complete the 13 cycles of treatment, while 42% did not complete 2 years of adjuvant
palbociclib in the PALLAS trial.46

Abemaciclib Adjuvant Clinical Trials
Abemaciclib was also tried in the adjuvant therapy of patients with EBC. ThemonarchE trial was an open-label, Phase 3 study, in
which 5637 patients with HR-positive, HER2-negative high-risk, and EBCwere enrolled after they received the standard lines of
treatment as indicated. Patients were randomized to receive abemaciclib 150mg twice daily for 2 years plus standard adjuvant ET,
or ETalone. The trial had 2 cohorts; cohort 1 included patients with 4 or more lymph nodes, or those with 1–3 lymph nodes and
either tumor size ≥ 5 cm, or grade-3. The second cohort included patientswith 1–3 lymph nodes, grade 1–2, and tumor size < 5 cm,
but with Ki-67 ≥ 20%. The eligibility criteria came from the phase-3 GEICAM/ 990647 and GEICAM 2003–10 trials,48 which
showed that patients with these features had the highest risk of early recurrence with adjuvant chemotherapy andAI. The primary
endpoint was iDFS, and the secondary endpoints were dRFS, OS, and safety. Adding abemaciclib to standard ET resulted in
significant improvement in iDFS (HR, 0.713; 95% CI 0.583–0.871; P=0.0009), with 2-year iDFS absolute difference 3.0%
(92.3% and 89.3%). The abemaciclib-containing arm also showed superior dRFSwith 3.0% absolute increment at 2 years; 93.8%
vs 90.8% compared to ET alone. Higher rates of gastrointestinal and hematological AEs were encountered in the abemaciclib-
containing arm, with dose reduction required in 41.2%, and 463 patients (16.6%) discontinued abemaciclib because of AEs.43

Additional follow-up analysis from monarchE was presented at the 2021 European Society of Medical Oncology
(ESMO) annual meeting and was published recently. With a median follow-up of 27 months, and 90% of patients were
off treatment, both iDFS (HR, 0.70, 95% CI 0.59–0.82; P<0.0001) and dRFS (HR, 0.69, 95% CI 0.57–0.83; P < 0.0001)
benefits were maintained. Additionally, the absolute improvements in 3-year iDFS and dRFS rates were 5.4% and 4.2%,
respectively. Abemaciclib benefit was observed regardless of the Ki-67 index.49 These results suggest that Ki-67 ≥ 20%
could be utilized, together with other features such as nodal involvement, tumor size, and grade, to identify HR-positive,
HER2-negative, EBC patients at higher risk of recurrence.

Ribociclib Adjuvant Clinical Trials
The ribociclib trial (NATALEE, NCT03701334) is a phase 3 multi-Center, randomized, open-label trial, using a lower
dose of ribociclib (400 mg daily, 3 weeks on/1 week off), but for a longer duration (3 years). An estimated 4000 patients,
both pre- and post-menopausal women and men aged ≥ 18 years, will be enrolled. Eligibility criteria include patients with
anatomic stage III or stage II (with N1 or N0, with grade 2–3 and/or Ki67 ≥ 20%). The primary endpoint is iDFS while
secondary endpoints include recurrence-free survival, dDFS, OS, patient-reported outcomes, and pharmacokinetics.42

Discussion
More than 80% of breast cancers are diagnosed with an early-stage disease, and most of these tumors are HR-positive
and HER2-negative. So, the current treatment options under discussion involve most breast cancer patients.

Recent advances in adjuvant ET, including the use of AI; alone or in sequential following tamoxifen,28 extending the
duration of ET beyond the 5 years,50–52 and ovarian function suppression,53,54 had clearly improved treatment outcomes
of patients with EBC. However, despite these measures, around 20% of treated patients will have a recurrence, mostly in
the form of an incurable metastatic disease.55 CDK4/6 inhibitors have changed the landscape of ET in patients with
metastatic breast cancer. The clinical efficacy of the CDK4/6 inhibitors in the metastatic setting was almost the same, and
the decision to use one drug or another depends largely on the toxicity profile, dosing schedule, physicians’ preference, or
availability. However, as we illustrated, things might not be the same in EBC. The difference and the discordant results
between the PALLAS and monarchE trials were surprising but can be explained. First, the monarchE trial used, in
addition to the anatomic stage, biological characteristics of the tumor to define and enroll biologically higher-risk
patients, including those with 4 or more lymph nodes or a mix of high anatomic and biologic risk (1–3 positive lymph
nodes with grade-3 tumors, or with centrally assessed Ki-67 immunohistochemistry staining in ≥ 20% of tumor cells).
Only 11.5% of patients in the monarchE trial were with stage IIa, while the majority (74.1%) had a stage-III disease,
compared to 17.5% and 48.6%, respectively, in the PALLAS trial, Figure 1. Second, the treatment discontinuation rate
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was significantly higher in the PALLAS trial (44.9%) than in the monarchE trial (27.7%), and so was the dose reduction,
Table 2. Third, though both the PALLAS and monarchE trials had almost the same number of study participants and the
exact duration of treatment (2 years), follow-up was longer in the PALLAS trial, compared with monarchE; 23.7 months
versus 19 months, respectively. More follow-up is needed to see if the benefit of abemaciclib will persist.

The PENELOPE-B trial, which also tested palbociclib in the adjuvant setting, was negative, but it had two major
differences; palbociclib was given for one year only, and eligibility criteria defined high-risk patients as those who had
residual disease after standard neoadjuvant chemotherapy and had to have other high-risk clinical and pathologic
features. This trial had the longest follow up ever for trials using CDK4/6 inhibitors in the adjuvant setting (42.8
months), and its negative results turn the focus again toward monarchE, whether the positive finding will vanish with
longer follow up, as seen in the two palbociclib trials, or there may be something special in abemaciclib; being a more
potent inhibitor, its continuous administration without a week off, or its known unique single-agent efficacy.19 However,
looking at the Kaplan-Meier curves, it is interesting to note the early separation of curves such that, at the 2-year and
3-year time points, palbociclib seems to add some benefit similar to what has been seen in the monarchE trial. However,
this apparent early separation of the curves disappeared with longer follow-up.

The fourth adjuvant trial, the NATALEE trial, tested ribociclib for a longer duration (3 years), but the patient enrolled
in this trial, based on eligibility criteria, were considered intermediate risk compared to both the PALLAS and monarchE
trials. Hopefully, the trial result will give us a clear idea of whether there is a difference between the 3 CDK4/6 inhibitors
and whether the longer duration of treatment is beneficial.

To further address the role of CDK4/6 inhibitors in the adjuvant setting of HR-positive, HER2-negative early breast
cancer, a recently published systematic review and meta-analysis included the three published studies that enrolled
12,647 patients, showed that the addition of CDK4/6 inhibitors to ET resulted in a trend for a benefit in iDFS (HR, 0.85,
95% CI 0.71–1.01; P=0.071). However, the analysis showed no significant improvement in dRFS (HR, 0.83, 95% CI
0.58–1.19; P=0.311). As expected, discontinuation of treatment and the risk of all-grade toxicities were significantly
higher in the combination arm (OR 22.11, 95% CI 9.45–51.69, P < 0.001) and (OR 9.36, 95% CI 3.46–25.33, P < 0.001),
respectively.56

Another, more recently-published meta-analysis of the three published trials by Gao et al showed that the combination
of CDK4/6 inhibitors and ET in the adjuvant setting prolonged iDFS in patients with HR-positive, HER2-negative early
breast cancer (HR 0.87, 95% CI, 0.76=0.98, P=0.03). The advantage was more evident in patients with N2/N3 nodal
status (HR 0.83, 95% CI 0.71–0.97, P=0.02), while menopausal status and prior adjuvant or neoadjuvant chemotherapy
had no impact on treatment outcomes. Additionally, rates of grade 3/4 AEs were significantly higher with the

Figure 1 The PALLAS versus the MonarachE trial. More patients in the MonarachE trial had higher risk features including Stage-III, Grade-III and positive lymph nodes.
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combination therapy (RR 4.14, 95% CI 3.33–5.15, p<0.00001) with significantly higher treatment discontinuation rate
due to AEs (RR 19.16, 95% CI 9.27–39.61, p < 0.00001).57

Based on the above data, the US FDA granted, in October 2021, the first approval for a CDK4/6 inhibitor
(abemaciclib) in combination with ET for the adjuvant treatment of HR-positive, HER2-negative EBC. The approval,
however, was restricted for patients at higher risk for recurrence; those with node-positive and those with a Ki-67
score ≥ 20%.58

Conclusions
CDK4/6 inhibitors have revolutionized the treatment of HR-positive, HER-negative metastatic breast cancer. However,
their introduction for EBC in combination with ET in the adjuvant setting was not as smooth, as clinical trials reached
conflicting results. At least one CDK4/6 inhibitor, abemaciclib, was recently approved by the US FDA for higher-risk
patients. Further studies examining inherited differences among available CDK4/6 inhibitors, longer follow-up, and
selecting higher risk patients based on anatomical and biological criteria may clarify their potential benefit.
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