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Abstract: The development of CDK 4/6 inhibitors has dramatically changed the therapeutic

management of hormone receptor-positive (HR+) and HER2 negative metastatic breast

cancer (MBC). In combination with fulvestrant, palbociclib, ribociclib and abemaciclib

have each been approved for HR+/HER2- MBC following the results of randomized Phase

III studies (PALOMA-3, MONALEESA-3, MONARCH-2) and shown a significant advan-

tage in PFS. Data from clinical trials support the combination with aromatase inhibitors in

the first line setting and with fulvestrant in the second line. Each agent is well tolerated, and

most of the toxicities observed with this class of drugs are generally easily manageable

and free from particular complications. The latest evidence from MONARCH-2

and MONALEESA-3 trials shows benefits in terms of overall survival (OS), suggesting an

option of using fulvestrant in combination with CDK 4/6 inhibitors in the first line setting.

Additional research is needed to determine optimal treatment sequencing, understand the

mechanisms of resistance, and develop novel therapeutic strategies to overcome clinical

resistance and further improve the outcomes of patients with HR+/HER- MBC. Key ques-

tions in the field include the further impact on progression-free survival, overall survival, and

the role of continuing CDK 4/6 blockade beyond progression. The purpose of this review is

to describe the clinical relevance of fulvestrant in combination with CDK 4/6 inhibitors in

HR+/HER2- MBC patients, as well as to discuss the current controversies and evolving

research areas.

Keywords: metastatic breast cancer, cyclin-dependent kinases 4 and 6, fulvestrant, clinical

trials, resistance mechanisms, palbociclib, ribociclib, abemaciclib

Introduction
According to major international guidelines, the treatment of hormone-receptor

positive (HR+), human epidermal growth factor 2 negative (HER2 -) advanced

breast cancer (ABC) is mostly palliative and mainly based on the administration of

endocrine therapy (ET), excluding for those patients with life-threatening presenta-

tion of the disease or with visceral crisis.1 The main goals of endocrine treatment

for advanced diseases are to prolong survival, improve or maintain the quality of

life, and possibly delay the initiation of chemotherapy. The choice is primarily

based on the extent of the disease, previous response to adjuvant endocrine therapy

and patients’ clinical status and preferences.

Fulvestrant is a highly selective estrogen receptor downregulator, which is able to

bind, block, and accelerate estrogen receptor (ER) degradation.2 In postmenopausal
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HR+/HER2- advanced breast cancer patients, the latest evi-

dence has validated the role of fulvestrant monotherapy,

both in completely endocrine-naive patients3,4 and in those

who progressed while receiving, or shortly after the comple-

tion of, endocrine adjuvant therapy.5,6

Nevertheless, the landscape of the treatment of HR

+/HER2- advanced breast cancer is changing rapidly. In

the last few years, increasing understanding of the under-

lying biological mechanisms of endocrine resistance for

metastatic breast cancer (MBC) has prompted several clin-

ical trials of fulvestrant in combination with a targeted

agent, in particular cyclin-dependent kinase 4/6 (CDK4/

6) inhibitors.7

CDK4/6 inhibitors are orally bioavailable drugs, which

have been investigated as anti-cancer agents in the last

decade. These agents directly block the activity of the

cyclin D–CDK4/6 holoenzyme, and act to limit the pro-

liferation of sensitive tumor cells. They specifically pre-

vent cell cycle progression from the G1 to the S phase of

the cell cycle. In sensitive cells, CDK4/6 inhibition nor-

mally induces a phenotype reminiscent of cellular

senescence,8 consistent with the critical role of the retino-

blastoma (RB) tumor suppressor in mediating senescence.9

ER+ breast cancers are the subtype for which CDK4/6

inhibition has the strongest rationale, because they typi-

cally retain RB function at presentation, meaning that the

principal pathway upon which the agents act is intact.10

Additionally, the encoding cyclin D1 (CCND1) is a direct

target gene of the estrogen receptor, and consequently it is

often highly expressed in ER+ breast cancers. In the pre-

clinical setting, when CDK4/6 inhibitors have been added to

standard anti-estrogen therapies a strong synergy has been

reported.9 As a result, extensive randomized clinical trials

have confirmed that the addition of CDK4/6 inhibitors to

hormonal therapy is a valuable clinical approach.11–14

The Food and Drug Administration (FDA) has

approved palbociclib, ribociclib and abemaciclib for HR

+/HER2-metastatic breast cancer in combination with spe-

cific endocrine therapies.

The purpose of this review is to summarize the back-

ground and latest evidence for the use of fulvestrant in

combination with CDK4/6 inhibitors in breast cancer, and

to discuss some of the unanswered and emerging questions

about the use of these agents in clinical practice.

The Backbone: Fulvestrant
Fulvestrant acts through a selective downregulation of the

estrogen receptor, which is competitively bound. The

binding established between fulvestrant and ER inhibits

the dimerization of the estrogen receptor and blocks the

nuclear localization of the receptor itself15,16 as shown in

Figure 1. The binding affinity of fulvestrant is 100 times

greater than that of the other class of endocrine drugs,

which includes tamoxifen.17,18 The binding of fulvestrant

with ER also leads to a rapid degradation of the fulves-

trant-ER complex and makes the receptor unavailable to

estrogens, so the ability of ER to promote gene transcrip-

tion is attenuated.19

Endocrine therapy is known to be successful in treating

most patients with advanced HR +/HER2− breast cancer;

however, in many cases there is a relapse and the disease

becomes refractory to such approaches.20 There are many

reasons for this resistance, but the factors involved include

activation of mutations in the ESR1 gene encoding for ER;

an increase in CDK4/6 activity; and upregulation of sig-

naling pathways, such as phosphoinositide-3-kinase

(PI3K)/AKT/mTOR and activated protein HER2/mito-

genic kinase (MAPK).21–24

Targeting these potential molecular and genomic

alterations involved in endocrine resistance has resulted

in the development of targeted therapies, which have

changed the landscape of HR+/HER2− advanced breast

cancer treatment.

The reccomended dose for Fulvestrant in combination

with CDK 4/6 inhibitors is 500 mg/monthly based on the

results of the Phase 3 clinical trial CONFIRM completed

in 736 postmenopausal women with advanced breast can-

cer who had disease recurrence on or after adjuvant endo-

crine therapy or progression following endocrine therapy

for advanced disease. Overall survival data from the time

of final analysis showed a median time to death of 26.4

months for fulvestrant 500 mg versus 22.3 months for

fulvestrant 250 mg (HR (95% CI) 0.81 (0.69, 0.96),

p-value 0.016).20

CDK 4/6 Inhibitors Plus Fulvestrant:

Different Populations
The increased inhibiting activity of CDK4/6 in HR+ breast

cancer validates a new therapeutic strategy to enhance the

efficacy of fulvestrant therapy and also to potentially

reverse fulvestrant resistance.7 The three selective CDK4/

6 inhibitors recently introduced into clinical practice after

demonstrating their activity in clinical trials in advanced

HR+/HER2- breast cancer are Ribociclib (Kisqali®;

LEE011, Novartis); palbociclib (Ibrance®; PD-0332991;
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Pfizer); and abemaciclib (Verzenios®; LY-2835219; Eli

Lilly) and the Phase III studies leading to FDA drug

approvals for these agents in combination with fulvestrant

are summarized in Table 1.

All these combination studies have shown a significant

improvement in PFS, but the study populations are fairly

different in each of the phase III trials. The PALOMA-3

trial (fulvestrant with palbociclib/placebo) included women

with HR+/HER2- MBC, ones who were pre-menopausal

(goserelin was added for these women) or post-menopausal

and who had relapsed or progressed during prior endocrine

treatment (78% of the entire population). In this trial, there

was no limit to previous endocrine therapies (2nd line or

more)25,26 and 34% of the patients had received prior che-

motherapy for ABC. The addition of palbociclib resulted in

an improvement in PFS from 4.6 months to 11.2 months (HR

0.50; p < 0.0001). Although the results of the analysis of

overall survival did not meet the pre-specified threshold for

statistical significance, the addition of palbociclib to fulves-

trant resulted in an absolute prolongation of overall survival

of 6.9 months among patients with HR+/HER2- advanced

breast cancer, who suffered disease progression after pre-

vious endocrine therapy.27

The MONARCH-2 trial (fulvestrant with abemaciclib/

placebo) included women with HR+/HER2- MBC of any

menopausal status (LHRH agonist added for premenopausal

women) who had progressed during prior endocrine therapy,

but by no more than one line (2nd line),28 and only 38%were

pretreated for advanced disaese. The addition of abemaciclib

resulted in an improvement in PFS from 9.3 to 16.4 months

(HR 0.55; P < 0.001). At the pre-specified interim analysis,

338 deaths (77% of the planned 441 in the final analysis)

were observed in the intent-to-treat population, with

a median OS of 46.7 months for abemaciclib plus fulvestrant

Fulvestrant

F

FF

F

Estrogen

ER degradation

Competitive 
binding to ERα

ER/ligand interaction

ER dimer dissociation

ERE
Estrogen responsive DNA element5’ 3’

No transcription

Figure 1 The molecular mechanism of action for Fulvestrant. Fulvestrant, being a pure steroidal ERα antagonist, inhibits the dimerization of the estrogen receptor and

blocks the nuclear localization of the receptor itself. The binding of fulvestrant with ER also leads to a rapid degradation of the fulvestrant-ER complex and makes the

receptor unavailable to estrogens, so the ability of ER to promote gene transcription is attenuated.
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and 37.3months for placebo plus fulvestrant (HR 0.757; 95%

CI,0.606–0.945; P = 0.01). Improvement in OS was consis-

tent across all stratification factors.29

The MONALEESA-3 trial explored fulvestrant with or

without ribociclib in postmenopausal women and men with

HR+/HER2- MBC who had received 0–1 lines of endocrine

therapy for advanced disease, and thus included both first-

line and second-line patients.30 In particular, in this trial

80% of the patients were not pretreated for ABC. Overall,

the addition of ribociclib resulted in an improvement in PFS

from 12.8 to 20.5 months (HR 0.60; P < 0.001).

MONALEESA-3 demonstrated a statistically significant

OS benefit with ribociclib plus fulvestrant vs placebo plus

fulvestrant, with a 28% reduction in the relative risk of

death (HR: 0.724; 95% CI, 0.568–0.924; P = 0.00455).

OS benefit was consistent across patient subgroups.31

Toxicities and Drug-Drug Interactions
A detailed toxicity assessment was available for each of the

CDK4/6 inhibitors in the pivotal clinical trials, including

PALOMA with palbociclib, MONALEESA with ribociclib,

MONARCH with abemaciclib and in post-marketing

reports.7,12–14,26,28 During the clinical trials adverse events

from the CDK4/6 inhibitors were easily managed through

dose modification and established supportive care measures,

although in general they were well tolerated. There was

some toxicity overlap for each CDK4/6 inhibitor; nonethe-

less, each drug showed certain unique characteristics.

CDK4/6 inhibitors are commonly associated with hema-

tological toxicities, primarily neutropenia. However, such

toxicities are not usually complicated and are manageable

with dose interruption or reduction. It is rare to encounter

serious events, such as febrile neutropenia. Cytopenia is an

on-target effect of CDK4/6 inhibitors due to the role of

CDK6 in the proliferation of hematologic precursors.32

Themain action of CDK4/6 inhibitors that leads to toxicity

is in the form of a cytostatic effect on neutrophil precursors; the

neutropenia induced by the agents can thus be rapidly reversed

by withdrawing the drug. For this reason, myeloid growth

factors (G-CSF) are generally not indicated.33 On the other

hand, chemotherapy usually destroys progenitor cells, result-

ing in a more persistent and severe neutropenia.

Palbociclib and ribociclib are administered in intermit-

tent doses to allow hematologic cells to recover.

Abemaciclib is different because it shows higher selectiv-

ity for CDK. Consequently, lower rates of hematologic

toxicities have been reported, and for this reason it can

be dosed continuously.34

Across the class of CDK4/6 inhibitors, common non-

hematologic toxicities include fatigue, nausea, vomiting,

stomatitis, alopecia, rash, diarrhea, decreased appetite and

infections. For most patients, such effects are mild, and

therapy is not usually affected.

More frequently than other CDK 4/6 inhibitors, ribociclib

may induce hepatotoxicity. Therefore, liver function test (LFT)

surveillance at baseline and throughout therapy is necessary.

The median time to onset of severe hepatotoxicity (Grade ≥ 3)
is 85 days and that to resolution to Grade ≤ 2 is 22 days when

used in combinationwith fulvestrant.30Hepatotoxictymay call

for the dose of ribociclib to be reduced, or indeed, for its

interruption or discontinuation altogether.

Another toxicity typically associated with ribociclib is

the reversible, concentration-dependent prolongation of

the QT interval.30 Nevertheless, no cases of torsades de

pointes have been described in the clinical investigations

of ribociclib. QT interval monitoring should be conducted

upon initiation of and during therapy. Ribociclib is to be

avoided in patients who have QT prolongation or who are

at significant risk of developing it (e.g. those with long QT

syndrome, uncontrolled/significant cardiac disease, elec-

trolyte abnormalities, or are concomitantly taking medica-

tions with QT-prolonging potential). Electrolytes should

also be monitored in these patients.

In the MONARCH trials, abemaciclib showed

increased rates of fatigue and diarrhea, especially during

the first month of therapy, in comparison with the other

two agents in the class perhaps because of its greater

affinity for CDK4.28,29 The median time to diarrhea

onset was approximately 7 days, while the median dura-

tion of Grade 2–3 diarrhea was 6–11 days. Diarrhea may

warrant abemaciclib dose interruption or reduction.

Patients should commence taking antidiarrheals, such as

loperamide, at the onset of loose stools and oral fluid intake

should be increased. Prophylactic loperamide has been

employed in some clinical trials of abemaciclib. In

MONARCH-3, the median time to onset of severe hepatotoxi-

city (Grade≥3)was approximately 60days andmedian time to

resolution to < Grade 3 approximately 14 days; therefore, LFT

monitoring is recommended at baseline and during therapy.

Furthermore, MONARCH-2 and -3 reported a higher

proportion of venous thromboembolic events (VTE) in

patients treated with abemaciclib than those receiving

a placebo (5% vs 0.9% in MONARCH-2, and 5% vs 0.6%

in MONARCH-3). It is essential that patients receiving abe-

maciclib be fully informed regarding the risk and signs/

symptoms of VTE. Treating physicians should monitor
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patients for such signs and symptoms and of pulmonary

embolism and treat them as medically appropriate. An

increased level of serum creatinine (SCr) is common with

abemaciclib, since there are several tubular secretion trans-

porters which become inhibited. Glomerular function

remains unaffected, nor is it reflective of renal damage.33

CDK4/6 inhibitors interact with other drugs primarily

mediated by modification of the cytochrome P450 (CYP)

pathway, since palbociclib, ribociclib and abemaciclib are

all major substrates of the CYP3A4 enzyme. Therefore,

one must avoid concomitant use of potent CYP3A inhibi-

tors/inducers with CDK4/6 inhibitors whenever possible,

and consider alternative therapies.

If it is decided to administer a potent CYP3A inhibitor

in addition to CDK4/6 inhibitors, then the dose must be

reduced. Caution should also be paid to administering

moderate CYP3A inhibitors/inducers and dose modifica-

tions need to be considered. Grapefruit and grapefruit juice

are to be avoided in patients on any CDK4/6 inhibitor

because of the potential for increased drug exposure.

Palbociclib is a weak CYP3A4 inhibitor, whereas riboci-

clib is a moderate one. Therefore, concomitant use of CYP3A

substrates with a narrow therapeutic index (eg, cyclosporine,

everolimus, fentanyl and tacrolimus) should be made cau-

tiously. Dose reductions of the CYP3A substrate may be

warranted. Drugs with QT interval-prolonging potential

(such as amiodarone, haloperidol, methadone, moxifloxacin,

ondansetron and sotalol) are not to be used with ribociclib.

Drug information resources should be studied when assessing

QT prolongation potential with specific drugs and the appro-

priateness of concomitant ribociclib administration.

Abemaciclib inhibits P-glycoprotein (P-gp) and breast

cancer resistance protein (BCRP). Although the clinical

impact of abemaciclib on P-gp or BCRP substrates

remains unknown, caution should be exercised in cases

where sensitive substrates, such as digoxin, are concomi-

tantly administered.

Toxicity profiles may differ between the combinations

of cyclin inhibitors with fulvestrant or with letrozole.

Table 2 summarizes these differences.

Discussion
Fulvestrant in Combination with a CDK

4/6 Inhibitor: Which Line?
Following the approval of CDK4/6 inhibitors with endo-

crine therapy as the treatment of choice for women with

HR+/HER2- MBC, data from clinical trials supports the

combination with aromatase inhibitors as first line and

fulvestrant as second line.

The pivotal phase III trials of CDK 4/6 inhibitors in

combination with aromatase inhibitors were conducted in

the first-line setting. However, the MONALEESA-3 trial is

the first study of a CDK4/6 inhibitor plus fulvestrant in de

novo HR+/HER2– ABC, or following relapse of at least

12 months or more after prior endocrine therapy, with no

subsequent treatment for advanced disease. First- line

patients showed significantly higher benefit compared

to second-line ones, with a median PFS of 33.6 months

in the ribociclib arm, versus 19.2 months in the placebo

arm (HR 95% CI 0.54). In the second-line setting, the

median PFS was 14.6 months in the combination arm,

versus 9.1 months in the placebo arm.31

Moreover, MONALEESA-3 demonstrated a statistically

significant OS benefit with ribociclib plus fulvestrant vs

placebo plus fulvestrant, with a 28% reduction in the rela-

tive risk of death (HR: 0.724; 95% CI, 0.568–0.924;

P = 0.00455). OS benefit was consistent across patient

subgroups.31

Interestingly, the remarkable results of the phase III

FALCON trial for endocrine therapy-naïve HR+ MBC

patients, comparing upfront anastrozole with upfront ful-

vestrant, showed a PFS advantage of fulvestrant (16.6 vs

13.8 months, HR 0.80, P = 0.049), with the most benefit

seen in patients without visceral disease (22.3 vs 13.8

months, HR 0.59).3

Therefore, the FALCON and MONALEESA-3 trial

results are encouraging and fulvestrant plus a CDK 4/6

inhibitor may represent a reasonable option for patients

with de novo HR+/HER2- MBC. In addition, the updated

results of the MONALEESA-2 study, after 26.4 months of

follow-up, showed a benefit from ribociclib plus letrozole

versus placebo plus letrozole, with a 9.3-month improve-

ment in median PFS with the addition of ribociclib.

However, the OS data remained immature at the time of

the secondary interim analysis, and median OS was not

reached in the ribociclib plus letrozole arm compared with

the 33.0 months among patients treated with the placebo

plus letrozole.35

There are differences in study design that may lead to

misinterpretation of the results, especially when direct

comparisons of efficacy outcomes are made across trials.

Fulvestrant could be the preferred endocrine backbone, but

it is currently unclear whether this is the best option for all

patients.
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In clinical trials, the tumor tissue biomarkers associated

with sensitivity and/or resistance to CDK 4/6 inhibitors have

been evaluated. In the PALOMA-3 trial, baseline tumor

ESR1 and PIK3CA mutation rates were lower among long-

term responders in both arms. In addition, ribociclib pro-

longed PFS, irrespective of PIK3CA or TP53 mutation

status.35 Patients with wild-type PIK3CA and TP53 had

a numerically longer PFS versus those harboring altered

PIK3CA or TP53, irrespective of treatment.36 According to

the available evidence, the determination of tumor tissue

biomarkers such as PI3CKA mutations should be considered

before starting treatment with CDK4/6 inhibitors in order to

plan an optimal sequence.

All three phase III global registration trials included

patients progressing within 12 months of completion of adju-

vant endocrine therapy (early relapse) or while on prior

therapy for advanced/metastatic disease (second-line treat-

ment). All the trials demonstrated a PFS advantage for this

population (PALOMA-3median PFS 11.2 vs 4.6 months HR

0.50, 95% CI 0.40–0.62; MONALEESA-3 median PFS 14.6

vs 9.1 months HR 0.571, 95% CI, 0.443–0.737;

MONARCH-2 median PFS 16.9 vs 9.3 months HR, 0.553,

95% CI, 0.449–0.681).

Although the populations included in the MONARCH-2

and MONALEESA-3 trials were different, the exploratory

endpoints for both trials included time to second disease

progression (PFS2) and time to first chemotherapy (TTC).

In the MONARCH-2 trial, 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). Median TTC (cen-

soring patients who died prior to receiving chemotherapy)

was 50.2 months in the abemaciclib arm vs 22.1 months in

the placebo arm (HR, 0.625; 95% CI, 0.501–0.779). In the

MONALEESA-3 trial, median PFS2 was 39.8 months in the

ribociclib arm vs 29.4 months in the placebo arm (HR, 0.670;

95% CI, 0.542–0.830). Median TTC was not reached in the

ribociclib arm vs 29.5 months in the placebo arm (HR, 0.696;

95% CI, 0.551–0.879).

These results suggest that CDK 4/6 inhibitor should be

included in first-line treatment to obtain the greatest ben-

efit and gives rise to the hypothesis that these drugs can

have a carry-over effect.

Is There Overall Survival Improvement

with Fulvestrant and CDK 4/6 Inhibitors?
In HR+/HER2- MBC, it is generally challenging to

demonstrate an overall survival benefit.

New and updated data from the two studies reported at

the European Society for Medical Oncology (ESMO)

meeting in 2019 showed that treatment with a CDK4/6

inhibitor plus fulvestrant improves OS in women with HR

+/HER2- (MONALEESA-3 median OS 40.2 vs 32.5

months, HR 0.730 95% CI, 0.530–1.004; MONARCH-2

median OS 46.7 vs 37.3 months HR 0.757 95% CI,

0.606–0.945). The two studies included different patient

populations, as well as different CDK4/6 inhibitors and

different lines of therapy. MONARCH-2 evaluated abema-

ciclib plus fulvestrant in patients with advanced breast

cancer after failure of endocrine therapy, regardless of

the menopausal status, while MONALEESA-3 investi-

gated ribociclib plus fulvestrant as first- or second-line

only in postmenopausal patients.

The PALOMA-3 trial of fulvestrant with palbociclib/

placebo in the second line and beyond did not demonstrate

an overall OS benefit (34.9 months vs 28 months, HR

0.81, 95% CI 0.64–1.03, P=0.09), but the palbociclib

group was favored with an absolute improvement of 6.9

months.26 This advantage was reported, although 16% of

the patients in the placebo-fulvestrant group received CDK

4/6 inhibitor treatment post-randomization. The patients

with sensitivity to previous endocrine therapy were those

who had a significant OS.27

An explanation for the different results could be related

to the different populations, in particular a greater number

of pretreated patients, and if a previous line of chemother-

apy had been permitted.27

In the MONARCH-2 study, patients receiving abema-

ciclib plus fulvestrant and with primary resistance to endo-

crine therapy showed a better OS in the overall survival

subgroup analysis.31 The separation curves between the

abemaciclib arm and the placebo arm occurred early, in

the first year of treatment. In the PALOMA-3 study with

palbociclib and fulvestrant, the OS data are different27

The mechanism potentially responsible for the effects

on OS in populations with visceral disease and with dis-

ease primarily resistant to endocrine therapy is unknown.

However, the factors that could be involved in the

mechanism include the fact that abemaciclib can be admi-

nistered continuously, and its greater potency for CDK4

over CDK6, as demonstrated in enzymatic tests.28,36

It is recommended that further studies confirm these

observations prospectively.

In MONARCH-2, a total of 17% of patients in the pla-

cebo arm received a CDK4/6 inhibitor as post-

discontinuation therapy. This “crossover” might have
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attenuated an even more significant OS benefit for the abe-

maciclib arm.

These results give the treating physician the full spec-

trum of CDK4/6 inhibitor choices for each individual

patient, although the three CDK4/6 inhibitors have slightly

different management requirements and toxicity profiles.

All three CDK4/6 inhibitors were tested in studies

powered for progression-free survival and not for overall

survival, but taken together the data are strong enough to

support endocrine-based therapy plus a CDK4/6 inhibitor

instead of endocrine therapy alone in the first/second- line

setting of HR+/HER2- MBC.

A meta-analysis would be helpful to assess the OS

question, given the limited power of each individual trial.

Are CDK 4/6 Inhibitors All the Same?
Retrospective comparison of the subgroup analyses

between the different studies with each CDK 4/6 inhibitor

can be difficult, as each study had a different design,

different patient populations, and unintentional patient

biases. However, all three CDK 4/6 inhibitors have

shown benefits in every single clinical subset, from liver

metastases to multiple sites of metastases and to short

disease-free intervals, suggesting that the three agents are

likely have similar efficacy.

Despite comparable results in terms of clinical efficacy,

the three CDK4/6-inhibitors present substantial pharmaco-

logical differences.

Palbociclib and ribociclib inhibit both CDK4 and 6,

and with cumulative dosing lead to neutropenia because

they inhibit CDK6, which can cause some bone marrow

suppression and neutropenia. Abemaciclib is 14 times

more potent against CDK4 than it is against CDK6, and

it results in less neutropenia and bone marrow suppression

(50% lower neutropenia rate compared to palbociclib and

ribociclib) because CDK6 plays a critical role in hemato-

poetic stem cell differentiation.

As a result, abemaciclib administration is continuous.

Concerning target activity, palbociclib and ribociclib are

only able to inhibit CDK4 and CDK6, whereas abemaciclib

has additional activity against CDK9.37,38 This activity

against CDK9 could in part explain the clinical efficacy of

the abemaciclib monotherapy shown in the MONARCH-1

trial34 and the specific gastrointestinal toxicity that is less

pronounced with ribociclib and palbociclib.39

The three CDK4/6 inhibitors, have few, but consistent,

differences in terms of toxicity profile. Palbociclib and

ribociclib have predominantly bone marrow toxicity,

while abemaciclib administration has been correlated

with gastrointestinal symptoms and less pronounced hema-

tologic toxicity.

Another important factor to consider for all three

agents is dose reduction, which in pivotal studies did not

appear to compromise the effectiveness of the treatment.40

Dose reduction is easier with ribociclib, as it is sufficient

to reduce the number of tablets, rather than having to call

back the patient to write a new prescription. In fact, it is

important to consider both the cost and the discomfort

related to multiple hospital visits by patients, as well as

the experience of the doctors. Once all CDK 4/6 inhibitors

are available, it will be increasingly important to conduct

patient-centered decision-making and effective discussion

which takes into account the pros and cons of each agent.

Should CDK 4/6 Inhibitors Be Used

Beyond Progression?
Based on the emerging data from clinical trials, we have

no evidence to support the continuation of a CDK 4/6

inhibitor beyond progression after previous CDK 4/6 ther-

apy. In particular, we have no data on either switching to

another CDK 4/6 inhibitor or switching to another endo-

crine therapy and continuing with the same CDK 4/6

inhibitor. However, the concept of switching is appealing,

particularly if we consider that this approach has demon-

strated activity in other disease settings (for example,

continuation of anti-HER2 therapy in HER2+ MBC);

nevertheless, toxicity and costs need to be considered.

Both MONALEESA-3 and MONARCH-2 trials

showed improvements in PFS2 and time to chemotherapy,

suggesting that the benefit of CDK 4/6 inhibitors may

extend beyond the study treatment.

A number of trials have explored the continued use of

CDK 4/6 inhibitors post-progression.

An international, multicenter, randomized, open-label,

Phase II clinical trial is ongoing to evaluate the efficacy

and safety of continuation of palbociclib in combination

with second-line endocrine therapy in HR+/HER2- ABC

patients who have achieved clinical benefit during first-line

palbociclib-based treatment (PALMIRA) (NCT03809988).

Another trial with a similar design is the MAINTAIN trial

(NCT02632045). This is a randomized trial for patients with

metastatic HR+/HER2- breast cancer who have progressed

on an aromatase inhibitor plus a CDK4/6 inhibitor (either

palbociclib or ribociclib) to either fulvestrant alone or ful-

vestrant with ribociclib. The purpose of the trial is to
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determine whether there is continued benefit for patients to

remain on a CDK4/6 inhibitor at the time of switching anti-

estrogen therapy.

Conclusion
The approval of CDK 4/6 inhibitors has permanently

changed the treatment paradigm of HR +/HER2- meta-

static breast cancer. Palbociclib, ribociclib and abemaciclib

have all been approved in combination with an aromatase

inhibitor or fulvestrant. Each agent is well tolerated and

most of the toxicities observed with this class of drugs are

generally easily manageable and free of particular compli-

cations. These toxicities often disappear with a simple

reduction in dosage.

Fulvestrant, with its unique mechanism of action, has

demonstrated efficacy in treating patients with HR

+/HER2− advanced breast cancer, either given alone or

in combination with targeted therapies. In particular, such

a combination is a valuable therapeutic choice because it

is well-tolerated, also offers significant efficacy, is safe,

and respects the quality of life.

Until the recent emerging evidence, fulvestrant mono-

therapy showed superior efficacy as a first-line treatment

option, especially in endocrine-naïve cases, while combin-

ing fulvestrant with a CDK4/6 inhibitor was the preferred

treatment option in patients with prior exposure to an AI.

Finally, although well-defined indications for fulves-

trant in the therapeutic algorithm of HR+/HER2- ABC

exist, the optimal position has yet to be clearly defined,

and the latest data showing the OS advantage suggest that

fulvestrant in association with a CDK 4/6 inhibitor may be

included in first-line treatment.

With regard to the future, the next-generation selective

oral ER degraders (SERDs) currently in clinical develop-

ment have been shown to be more potent than fulvestrant,

with specific activity in endocrine resistance and ESR1

mutations.41 Furthermore, being orally bioavailable, they

may increase patient convenience. One such example is

elacestrant (RAD1901), which has enhanced the efficacy

of both palbociclib and abemaciclib in vitro.42 Other oral

SERDs that are currently being evaluated in clinical trials

in combination with CDK4/6 inhibitors include LSZ102 in

combination with ribociclib (NCT02734615), and GDC

9545 in combination with palbociclib (NCT03332797).

The next steps consist of identifying biomarkers

beyond the estrogen receptor to predict response; deter-

mining whether to continue CDK4/6 inhibitors after dis-

ease progression; combining these agents with other

therapies; and expanding their use into settings other

than HR+/HER2− advanced breast cancer.43 Currently,

numerous studies are under way with the aim of exploring

CDK 4/6 inhibitors in various disease contexts for breast

cancer, including adjuvant and neoadjuvant settings, and

the combination with other targeted agents and with

immunotherapy in advanced disease, as well as in the post-

progression phase. Moreover, observational real-world

studies will be able to provide new insights into the

implementation of these drugs in clinical practice.
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