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Abstract
The treatment landscape of hormone receptor–positive (HR+), hu-
man epidermal growth factor receptor 2–negative (HER2–) metastatic 
breast cancer has been modernized by the identification of cyclin-
dependent kinase 4 and 6 (CDK4/6) inhibitors. Because the majority 
of HR+ breast cancers will develop resistance to endocrine therapies 
(tamoxifen and aromatase inhibitors), newer treatment options are 
necessary to restore endocrine sensitivity and prolong survival. Ribo-
ciclib and abemaciclib are two of three CDK4/6 inhibitors currently ap-
proved for first- and second-line treatment of HR+/HER2– metastatic 
breast cancer. Data from large, phase III clinical trials have demonstrat-
ed an improvement in both progression-free and overall survival with 
the addition of ribociclib or abemaciclib to endocrine-based therapy, 
establishing a new frontline standard of care. Treatment with ribociclib 
and abemaciclib provide a convenient oral treatment option that is 
both efficacious and well tolerated.

B reast cancer is the most 
commonly diagnosed can-
cer in the United States, 
accounting for 30% of all 

new cancer diagnoses annually. It is 
estimated that 279,100 people were 
diagnosed with breast cancer in 
2020. Although the development of 
newer therapies and better screening 
methods has increased breast cancer 
survival rates, metastatic disease is 

still the second most common cause 
of cancer-related death in women 
(Siegel et al., 2020). Approximately 
75% of breast cancers are considered 
hormone receptor–positive (HR+) 
and express estrogen and/or proges-
terone receptors (Anderson, Chat-
terjee, Ershler, & Brawley, 2002), 
with endocrine therapy serving as 
the mainstay of systemic treatment 
(Ribnikar, Volovat, & Cardoso, 2019). J Adv Pract Oncol 2021;12(1):100–107
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Despite the widespread use of endocrine ther-
apy, a proportion of patients will develop endo-
crine resistance, leading to treatment failure and 
progressive disease. In the past decade, research 
has focused on the development of novel drug tar-
gets that aim to restore or extend endocrine sensi-
tivity (D’Souza, Spicer, & Lu, 2018). The addition 
of the cyclin-dependent kinase 4 and 6 (CDK4/6) 
inhibitors palbociclib (Ibrance), ribociclib (Kisqa-
li), and abemaciclib (Verzenio) to standard endo-
crine therapy has significantly improved progres-
sion-free survival (PFS) as initial and second-line 
therapy in patients with HR+, human epidermal 
growth factor receptor 2–negative (HER2–) meta-
static breast cancer (D’Souza et al., 2018). 

Palbociclib was the first CDK4/6 inhibitor to 
receive U.S. Food & Drug Administration (FDA) 
approval in February 2015; however, this article 
will focus on the newer CDK4/6 inhibitors, ri-
bociclib and abemaciclib, which gained FDA ap-
proval in March 2017 and February 2018, respec-
tively. The purpose of this article is to provide the 
advanced practitioner with the tools necessary 
to manage metastatic HR+, HER2– breast cancer 
patients initiating therapy with ribociclib or abe-
maciclib. The contents of this article will focus on 
the mechanism of action, efficacy and safety data, 
dosing, monitoring, and practical implications of 
these agents. 

PHARMACOLOGY AND  
MECHANISM OF ACTION
The cell cycle is regulated by several proteins, 
including the cyclin-dependent kinase-retino-
blastoma (Rb) signaling pathway. Specifically, 
cyclin D binds to CDK4/6, which results in phos-
phorylation of Rb, leaving the tumor suppressor 
gene inactive. Once inactivated, Rb releases the 
transcription factor E2F, which promotes pro-
gression from the G1 to S phase of the cell cycle, 
allowing for DNA replication and tumor progres-
sion. Furthermore, there is a close link between 
cyclin D (CCND1) and estrogen receptor–medi-
ated transcription. Overexpression of the CCND1 
oncogene, which occurs in as many as 50% of 
breast cancers, leads to cell cycle dysregulation 
and cancer cell survival, and is thought to be a 
mechanism of endocrine resistance (Ribnikar et 
al., 2019). 

Ribociclib is an orally bioavailable, selective 
CDK4/6 inhibitor that has demonstrated efficacy 
in HR+, HER2– metastatic breast cancer when 
used in combination with a nonsteroidal aroma-
tase inhibitor (AI) or fulvestrant. Ribociclib is 
extensively metabolized via hepatic CYP3A4 en-
zymes to the major circulating metabolites M13, 
M4, and M1; however, its clinical activity is pri-
marily attributed to the parent drug, which ac-
counts for 44% of the circulating drug moiety. 
The mean terminal half-life of ribociclib is 30 
to 55 hours, allowing for once daily dosing. It is 
primarily eliminated in the feces (69%); only a 
fourth of ribociclib excretion occurs via renal 
elimination (Novartis Pharmaceuticals Corpora-
tion, 2020).  

Abemaciclib is another oral selective CDK4/6 
inhibitor that has demonstrated clinical activity 
alone and in combination with endocrine thera-
py. Abemaciclib also undergoes extensive hepatic 
metabolism via CYP3A4 to active metabolites M2 
(primary), M20, and M18. Both abemaciclib and its 
active metabolites (M2 and M20) can be detected 
at similar concentrations in the cerebral spinal flu-
id and plasma (unbound). Due to a shorter mean 
terminal half-life compared with that of riboci-
clib (18.3 hours), abemaciclib requires twice daily 
dosing to maintain steady-state concentrations 
(Eli Lilly and Company, 2020). Structural differ-
ences between abemaciclib and the other CDK4/6 
inhibitors account for a higher affinity for CDK4 
compared with CDK6 (Spring, Zangardi, Moy, & 
Bardia, 2017). 

CLINICAL TRIALS
Ribociclib
MONALEESA-2 was a phase III, randomized, 
placebo-controlled trial that evaluated the benefit 
of adding ribociclib (600 mg daily on a 3 weeks on, 
1 week off schedule) to letrozole (2.5 mg daily) as 
frontline therapy in postmenopausal women with 
HR+/HER2– metastatic breast cancer. The pri-
mary endpoint of median duration of PFS was sig-
nificantly longer in the ribociclib/letrozole group 
(n = 334) compared with the letrozole/placebo 
group (n = 334; not reached vs. 14.7 months; 95% 
confidence interval [CI] = 13.0–16.5), confirming 
the superiority of ribociclib/letrozole. Progres-
sion-free survival rates at 12 and 18 months were 
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higher in the ribociclib/letrozole group (72.8% 
and 63%, respectively) compared with the letro-
zole/placebo group (60.9% and 42.2%, respec-
tively). At the time of the interim analysis, overall 
survival (OS) data were not yet mature (Hortoba-
gyi et al., 2016).

MONALEESA-7 was a phase III, randomized, 
placebo-controlled trial that aimed to evaluate the 
benefit of adding ribociclib to endocrine therapy 
and goserelin in treatment-naive premenopausal 
women. Prior to MONALEESA-7, treatment rec-
ommendations for premenopausal women relied 
on data extrapolated from studies in postmeno-
pausal women. Patients (n = 672) were random-
ized in a 1:1 fashion to receive ribociclib (600 mg 
daily on a 3 weeks on, 1 week off schedule) plus 
endocrine therapy vs. endocrine therapy alone 
(placebo group). Selection of endocrine therapy 
was left to the discretion of the investigator and 
included tamoxifen (20 mg daily) or an AI (anas-
trozole 1 mg daily or letrozole 2.5 mg daily). All pa-
tients received ovarian suppression with goserelin 
(3.6 mg administered subcutaneously on day 1 of a 
28-day cycle).

The primary endpoint of median PFS was 23.8
months in the ribociclib group vs. 13 months in the 
placebo group (hazard ratio [HR], 0.55; 95% CI = 
0.44–0.69). Within the ribociclib group, median 
PFS was numerically higher in patients receiving 
an AI compared with those receiving tamoxifen 
(27.5 months and 22.1 months, respectively; Trip-
athy et al., 2018). At the time of the initial publi-
cation, OS data had not matured; however, a pre-
specified interim analysis of OS was planned after 
192 deaths were reported. At 42 months follow-
up, the median OS rate was 70.2% in the ribociclib 
group compared with 46% in the placebo group 
(HR, 0.7; 95% CI = 0.50–0.98). The OS benefit seen 
in the overall population was maintained in the 
prespecified subgroup of patients receiving an AI; 
however, it was not maintained in the tamoxifen 
group (Im et al., 2019). 

Ribociclib was also evaluated in combination 
with fulvestrant in the phase III, randomized, 
placebo-controlled, MONALEESA-3 trial in post-
menopausal women who were either treatment 
naive or had received one prior line of endocrine 
therapy for advanced disease. Of the 726 patients 
enrolled, 484 were randomized to ribociclib (600 

mg daily on a 3 weeks on, 1 week off schedule)/
fulvestrant (500 mg administered intramuscular-
ly on day 1 of a 28-day cycle, with an additional 
dose on day 15 of the first cycle). The other 242 
were randomized to fulvestrant alone. The pri-
mary endpoint of median PFS was significantly 
longer at 20.5 months in the ribociclib/fulvestrant 
group compared with 12.8 months in the fulves-
trant group (HR, 0.59; 95% CI = 0.48–0.732). The 
treatment effects of ribociclib were similar re-
gardless of whether patients were treatment naive 
(HR, 0.577) or had one prior line of therapy (HR, 
0.565; Slamon et al., 2018). In February 2020, a 
protocol-specified second interim analysis of MO-
NALEESA-3 reported a significant OS benefit at 
42 months with ribociclib/fulvestrant compared 
with fulvestrant alone (57.8% vs. 45.9%; HR, 0.72; 
95% CI = 0.57–0.92; Slamon et al., 2020).

Abemaciclib
The single-agent activity of abemaciclib in refrac-
tory HR+/HER2– metastatic breast cancer was es-
tablished in the phase II, single-arm, MONARCH 1  
trial. Of the 132 patients evaluated, the primary 
endpoint of objective response rate (ORR) was 
19.7%. Additionally, 42.4% of patients had a clini-
cal benefit for ≥ 6 months. The median PFS and OS 
rates were 6 months and 17.7 months, respectively 
(Dickler et al., 2017).

Abemaciclib was also studied in combination 
with fulvestrant in patients with HR+/HER2– 
metastatic breast cancer after progression on or 
within 12 months of adjuvant endocrine therapy 
or on initial endocrine therapy for metastatic dis-
ease in the MONARCH 2 phase III trial, which 
evaluated the primary endpoint of PFS. Patients 
were enrolled regardless of menopausal status  
(n = 669) and randomized in a 2:1 fashion to receive 
either abemaciclib plus fulvestrant vs. fulvestrant 
alone. Initially, patients were started on abemaci-
clib 200 mg twice daily; however, safety data indi-
cated the need for a protocol amendment to lower 
the initial/maximum dose of abemaciclib to 150 
mg twice daily. With a median follow-up of 19.5 
months, the addition of abemaciclib to fulvestrant 
resulted in a significantly longer PFS than fulves-
trant alone (16.4 months vs. 9.3 months; HR, 0.553; 
95% CI = 0.449–0.681). Additionally, the ORR 
was 48.1% for patients receiving the abemaciclib/ 
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fulvestrant combination vs. 21.3% for patients re-
ceiving fulvestrant/placebo (Sledge et al., 2017). At 
the time of the initial reporting of the MONARCH 2  
trial, OS data had not matured. In June 2019, at 
the preplanned cutoff for interim OS analysis, the 
combination of abemaciclib/fulvestrant demon-
strated a significant improvement in median OS 
compared with fulvestrant/placebo (46.7 months 
vs. 37.3 months, respectively; HR, 0.757; 95% CI 
= 0.606–0.945). Additionally, the OS benefit was 
consistent regardless of menopause status or pri-
mary vs. secondary endocrine resistance (Sledge 
et al., 2020). 

Lastly, abemaciclib was evaluated in combi-
nation with an AI as initial therapy for metastatic 
breast cancer in postmenopausal women in the 
phase III MONARCH 3 trial. The primary end-
point was PFS. Patients (n = 493) were randomized 
2:1 to receive abemaciclib plus an AI (anastrozole 
or letrozole) or an AI alone. With a median follow-
up of 17.8 months, the addition of abemaciclib to 
an AI significantly prolonged PFS compared with 
AI alone (not reached vs. 14.7 months; HR, 0.54; 
95% CI = 0.41–0.72). Additionally, the PFS benefit 
was consistent in all prespecified subgroups (e.g., 
metastatic site, receipt of prior endocrine thera-
py). Of note, OS was not evaluated in MONARCH 
3 (Goetz et al., 2017). 

ADVERSE EFFECTS
In the three phase III trials with ribociclib, the 
most common adverse events were neutropenia 
(70%–77%), nausea (32%–52%), infection (45%–
52%), fatigue (32%–37%), diarrhea (35%), and al-
opecia (18%–33%). The most common severe ad-
verse events (grade ≥ 3) associated with ribociclib 
were neutropenia (53%–60%), increased alanine 
aminotransferase (ALT; 5%–9%), and increased 
aspartate aminotransferase (AST; 5%–6%). Fe-
brile neutropenia was observed in only 1% to 2% 
of patients receiving ribociclib. The most com-
mon types of infection observed were of the up-
per respiratory tract (11%) and urinary tract (9%), 
and limited to grade 1 to 2 (39%–43%). Addition-
ally, QTc prolongation > 480 and > 500 msec was 
observed in 3% to 7% and 1% to 2% of patients, 
respectively. Dose interruptions and reductions 
occurred in 77% and 38% of patients receiving ri-
bociclib, respectively. Treatment discontinuation 

due to adverse events occurred in 4% of patients 
(Im et al., 2019). 

In the two phase III trials with abemaciclib, 
the most common adverse events observed were 
diarrhea (81%–86%), neutropenia (41%–46%), 
fatigue (40%), infection, nausea (39%–45%), 
vomiting (26%–28%), abdominal pain (29%–
35%), anemia (28%–29%), and loss of appetite 
(25%–27%), the majority of which were grade 
1 to 2. The most common severe adverse events 
(grade ≥ 3) associated with abemaciclib were 
neutropenia (21%–27%) and diarrhea (10%–13%). 
The median onset of diarrhea was 8 days, and the 
median duration was 10.5 days for grade 2 and 8 
days for grade 3. Of note, only 24% to 30% of pa-
tients required dose modifications, and 2% to 3% 
required treatment discontinuation due to diar-
rhea. For the majority of patients, neutropenia 
occurred during the first two cycles, and neutro-
phil counts remained stable thereafter (Goetz et 
al., 2017; Sledge et al., 2017).

ROLE IN THERAPY FOR 
BREAST CANCER
With FDA-approved indications in both the first-
line and second-line settings, treatment with 
CDK4/6 inhibitors (ribociclib and abemaciclib) 
provides an alternative approach to cytotoxic 
therapy for patients with HR+/HER2– metastatic 
breast cancer (National Comprehensive Cancer 
Network, 2020). The OS benefit demonstrated 
in the MONALEESA-7 and MONARCH 3 trials 
in the front-line setting validates the importance 
of using ribociclib and abemaciclib earlier in the 
treatment course (Goetz et al., 2017; Im et al., 
2019). Additionally, PFS rates and duration of re-
sponse are longer compared with those seen with  
endocrine therapy. 

Ribociclib and abemaciclib are both ap-
proved in combination with an AI or fulvestrant 
plus a gonadotropin-releasing hormone receptor 
(GnRH) agonist if premenopausal; however, only 
abemaciclib has approval as single-agent therapy 
(see Figure 1 for role in therapy). To date, there 
are no head-to-head trials comparing the efficacy 
of ribociclib to abemaciclib, and both are consid-
ered standard of care for HR+/HER2– metastatic 
breast cancer (National Comprehensive Cancer 
Network, 2020). Additionally, both ribociclib and 
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abemaciclib appear to be well tolerated, with the 
majority of adverse events being low grade. 

IMPLICATIONS FOR THE  
ADVANCED PRACTITIONER
The incorporation of CDK4/6 inhibitors into the 
treatment landscape of HR+/HER2– breast can-
cer provides a convenient oral treatment option 
that is both effective and well tolerated. Due to 
growing concern about endocrine resistance and 
the widespread use of ribociclib and abemaciclib 
as initial therapy, it is imperative that the oncology 
advanced practitioner be aware of the benefits and 
risks of these agents. 

The recommended starting dose of ribociclib is 
600 mg once daily for 21 days, followed by a 7-day 
rest period. Ribociclib can be taken without re-
gard to meals but is preferably administered in the 
morning. Being a major CYP3A4 substrate and a 
moderate CYP3A4 inhibitor, the potential for drug-
drug interactions is substantial. If coadministration 
with a strong CYP3A4 inhibitor cannot be avoided, 
ribociclib should be dose reduced to 400 mg daily. 
Patients should be advised to avoid consumption 
of grapefruit ( juice) while taking ribociclib due 
to concerns for increased toxicity. Due to the po-

tential for QTc prolongation, all patients should 
undergo ECG monitoring before starting and at 
the beginning of the first 6 cycles of treatment (see 
Table 1 for dosing modifications). No dose adjust-
ment is required for estimated glomerular filtration 
rate (eGFR) ≥ 30 mL/minute; however, the initial 
dose should be reduced to 200 mg daily for eGFR 
< 30 mL/minute. Additionally, patients with Child-
Pugh class B or C hepatic dysfunction should re-
ceive an initial dose of 400 mg daily. 

Overall, ribociclib is well tolerated, and the 
most common adverse events seen in clinical tri-
als were neutropenia, diarrhea, fatigue, nausea/
vomiting, and infection. Additional laboratory 
abnormalities commonly seen were AST/ALT 
and serum creatinine (SCr) elevations. Due to the 
potential for neutropenia early in the treatment 
course, the prescribing information recommends 
monitoring complete blood count (CBC) with dif-
ferential at baseline, every 2 weeks for the first two 
cycles, and monthly for the next 2 months at least 
thereafter (Novartis Pharmaceuticals Corpora-
tion, 2020). 

The recommended starting dose of abemaci-
clib is 150 mg twice daily (in combination with 
an AI) or 200 mg twice daily (as a single agent). 

First linea

Second linea

Third line

Initial 
endocrine-based 

therapy

Ribociclib and 
abemaciclib in 

combination with a 
nonsteroidal AI (i.e., 

anastrozole or letrozole)

Progressive disease 
on prior 

endocrine-based 
therapy

Ribociclib and 
abemaciclib in 

combination with 
fulvestrant

Progressive disease 
on prior 

endocrine-based 
therapy and 

chemotherapy

Abemaciclib 
monotherapy

Figure 1. Role of ribociclib and abemaciclib in HR+/HER2– metastatic breast cancer. 
AI = aromatase inhibitor. 
aGonadotropin-releasing hormone agonist required if premenopausal. 
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Table 1. Dose Modifications and Monitoring Parameters of Ribociclib and Abemaciclib

Dose Level Ribociclib Abemaciclib

Starting dose 600 mg once daily 150 mg twice daily (with ET)
200 mg twice daily (monotherapy)

1st reduction 400 mg once daily 100 mg twice daily (with ET)
150 mg twice daily (monotherapy)

2nd reduction 200 mg once daily 50 mg twice daily (with ET)
100 mg twice daily (monotherapy)

3rd reduction Permanently discontinue Permanently discontinue (with ET)
50 mg twice daily (monotherapy)

Toxicity Ribociclib Abemaciclib

Neutropenia

Grade 1–2 No adjustment necessary

Grade 3 Interrupt treatment until recovery to ≤ grade 2, then resume at same dose 

Grade 3 recurrent or 
neutropenic fever

Interrupt treatment until recovery to ≤ grade 2, then resume at the next lower dose

Grade 4 Interrupt treatment until recovery to < grade 2, then resume at the next lower dose

Interstitial lung disease/pneumonitis

Grade 1 
(asymptomatic)

No interruption or adjustment necessary. 
Initiate appropriate medical management and monitoring as clinically indicated.

Grade 2 
(symptomatic)

Interrupt until recovery to ≤ grade 1 and 
consider resuming at next lower dose (if 
benefit of resuming outweighs risk).
If recurs, permanently discontinue treatment.

If resolution to baseline or grade 1 occurs 
within 7 days, no interruption or adjustment 
necessary.
If persistent or recurrent, interrupt treatment 
until toxicity resolves to baseline or grade 1 
and resume at next lower dose.

Grade 3 (severe 
symptomatic) 
or grade 4 (life-
threatening)

Permanently discontinue treatment.

QT prolongation (only applicable to ribociclib)

QTcF > 480 msec Interrupt treatment until QTcF resolves to < 481 msec, then resume at the next lower dose.
If recurs, interrupt treatment until QTcF resolves to < 481 msec, then resume at next lower dose.

QTcF > 500 msec Interrupt treatment until QTcF resolves to < 481 msec, then resume at next lower dose.
If QTcF > 500 msec OR > 60 msec increase from baseline AND associated with torsades de 
pointes, PVT, unexplained syncope, or signs/symptoms of serious arrhythmia, permanently 
discontinue treatment.

Diarrhea (only applicable to abemaciclib): At the first sign of loose stools, begin management with antidiarrheal agents 
and increase oral fluid intake.

Grade 1 No interruption or adjustment necessary.

Grade 2 If toxicity doesn’t resolve to ≤ grade 1 within 24 hours, interrupt treatment until resolution, then 
resume at same dose.
If recurs after resumption at same dose (despite maximal supportive care), interrupt treatment 
until ≤ grade 1, then resume at next lower dose.

Grade 3/4 or requires 
hospitalization

Interrupt treatment until ≤ grade 1, then resume at next lower dose.

Note. ET = endocrine therapy; PVT = polymorphic ventricular tachycardia; CBC = complete blood count; 
LFTs = liver function tests; ECG = electrocardiogram.

Continued on following page
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Table 1. Dose Modifications and Monitoring Parameters of Ribociclib and Abemaciclib (cont.)

Monitoring 
parameter Ribociclib Abemaciclib

CBC with differential Baseline, every 2 weeks for the first 2 cycles, 
the beginning of each subsequent 4 cycles, 
and as clinically indicated.

Baseline, every 2 weeks for the first 2 months, 
monthly for the next 2 months, then as 
clinically indicated.LFTs

Serum electrolytes Prior to treatment, at the beginning of the first 
6 cycles, and as clinically indicated.

N/A

Pregnancy status Prior to treatment initiation in females of reproductive potential.

ECG Prior to treatment initiation; repeat on day 14 
of cycle 1, at the beginning of cycle 2, and as 
clinically indicated.

N/A

Note. ET = endocrine therapy; PVT = polymorphic ventricular tachycardia; CBC = complete blood count;  
LFTs = liver function tests; ECG = electrocardiogram.

Abemaciclib is also a major CYP3A4 substrate, 
and concomitant use with the strong inhibitor, ke-
toconazole, should be avoided. Concomitant use 
with other strong inhibitors requires dose reduc-
tions at 50 mg increments. No dose adjustments 
are recommended for renal impairment; however, 
abemaciclib has not been studied in eGFR < 30 
mL/minute. Additionally, patients with Child-
Pugh class C hepatic dysfunction should receive 
abemaciclib once daily. 

Overall, abemaciclib is well tolerated and 
the most common adverse effects seen in clini-
cal trials were diarrhea, neutropenia, infection, 
fatigue, nausea/vomiting, and abdominal pain. 
Similarly to ribociclib, AST/ALT and SCr eleva-
tions are common but not typically associated 
with clinical manifestations. Abemaciclib pack-
aging information recommends monitoring CBC 
with differential every 2 weeks for the first two 
cycles and monthly thereafter (see Table 1 for 
dosing modifications). Because grade 3 diarrhea 
was common in the first cycle and associated 
with dehydration and infection, patients should 
be started on an antidiarrheal agent at the first 
sign of toxicity and monitored closely (Eli Lilly 
and Company, 2020).

CONCLUSION
Ribociclib and abemaciclib are the newest 
CDK4/6 inhibitors approved for use in HR+, 
HER2– metastatic breast cancer. Data from the 
MONALEESA and MONARCH trial series dem-
onstrated an improvement in both PFS and OS, 
establishing these agents as standard front-line 

treatment for advanced disease (Im et al., 2019; 
Sledge et al., 2020). Both agents are associated 
with a durable response, with most patients re-
maining on treatment for an average of 2 years. 
The favorable toxicity profile and the ease of oral 
administration help improve quality of life for 
patients living with an incurable disease. Further 
investigation is needed to understand mecha-
nisms of resistance to the CDK pathway and be-
tween tumor and specific genetics to optimize 
treatment outcomes. l

Disclosure
Dr. Byers has participated in advisory boards for 
Heron Therapeutics, Pfizer, Tesaro, and The Del-
ham Group and has received payment from Well-
stat Therapeutics for lectures. 
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