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Abstract. Breast cancer is most frequently diagnosed among 
women aged 65‑74 years and the prevalence of comor‑
bidities in elderly patients with breast cancer is 32.2%. In 
addition, polypharmacy is quite common in these patients. 
Understanding the interaction between breast cancer treat‑
ment modalities and comorbidities is important, particularly 
in elderly patients, as comorbidities affect the choice of 
appropriate treatment and are independent risk factors for 
survival. A total of three oral cyclin‑dependent kinase 4 and 6 
inhibitors (CDK4/6i), palbociclib, ribociclib and abemaciclib, 
notably prolonged progression‑free survival when combined 
with endocrine therapy (ET), compared with ET alone in 
patients with advanced breast cancer (ABC). The present 
review article therefore addressed the safety, tolerability and 
toxicity of CDK4/6i treatment in ABC management, compiled 
real‑world data on how multiple clinical and pharmacological 
features may affect the choice of these drugs and provided 
practical recommendations for clinical approaches. Before 
starting treatment with CDK4/6i drugs, all ongoing medical 
conditions should be inventorized and re‑graded, and exami‑
nation should be performed for any additional disease that the 
patient may not be aware of. It is also important to obtain a 
detailed history of concomitant drugs, including prescription 
and over‑the‑counter drugs, vitamins, supplements and herbal 

products. In addition, patients should be advised to consult 
their oncologist before starting any new medication.
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1. Introduction

Breast cancer is the most common cancer in women, accounting 
for ~30% of all new cancer cases, ~6% of whom presented 
with distant metastases in the US in 2020 (1). Female breast 
cancer is most frequently diagnosed among women aged 
65‑74 years (median, 62 years) (1) and the prevalence of comor‑
bidities in patients with breast cancer is 32.2% in the elderly 
(aged >66 years) (2). According to these statistics, polypharmacy 
is also common in patients with breast cancer. A retsrospective 
study from Turkiye reported that the frequency of polypharmacy 
was 50% (n=126) in the non‑elderly and 74% (n=74) in the 
elderly breast cancer patients (3). Therefore, it is important to pay 
attention to concomitant diseases and polypharmacy during the 
selection and management of breast cancer treatment, particularly 
in elderly patients, to prevent or minimize adverse outcomes. 
Furthermore, it may be possible to improve response and overall 
survival (OS) rates and maintain the quality of life of patients.

Cyclin‑dependent kinase 4 and 6 inhibitors (CDK4/6i) are 
recommended in combination with endocrine therapy (ET) 
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in patients with advanced breast cancer (ABC). This is based 
on phase 3 randomized breast cancer trials that have reported 
notably longer progression‑free survival (PFS) compared 
with ET alone (4). According to an updated analysis of trials, 
treatment with CDK4/6i plus endocrine therapy resulted in 
~33	months	of	median	PFS	when	used	as	a	first‑line	treatment	
and it also provided an advantage as a second‑line treatment, 
where this combination has improved survival for patients who 
have progressed on prior endocrine therapy alone (5‑13). Three 
oral CDK4/6i agents, palbociclib, ribociclib and abemaciclib, 
are approved in combination with non‑steroidal aromatase 
inhibitors	as	a	first‑line	therapy	for	postmenopausal	women	
with breast cancer (14‑16). In OS analyses, ribociclib + an AI 
demonstrated	a	significant	OS	benefit	compared	with	that	of	
the placebo + AI [median, 63.9 vs. 51.4 months; hazard ratio 
(HR), 0.76; 95% CI, 0.63‑0.93; P=0.004] (5). Palbociclib met 
its primary endpoint of improving PFS in the PALOMA‑2 
study and the palbociclib + AI group had a notably longer OS 
compared with that of the placebo + AI group, but the results 
were	not	statistically	significant	(median,	53.9	vs.	51.2	months;	
HR, 0.956; 95% CI, 0.777‑1.177; P=0.3378) (17). Results from 
studies evaluated the real‑world effectiveness of these drugs 
as a first‑line treatment reported that the median OS was 
significantly longer for patients treated with Palbociclib + 
AI compared with that of AI recipients (median, 49.1 vs. 
43.2 months; HR, 0.76 95% CI, 0.65‑0.87; P<0.0001) (18). In 
final	analysis,	the	median	OS	was	longer	for	the	abemaciclib	+	
AI compared with that of the placebo + AI group (66.8 vs. 
53.7 months; (HR, 0.804; 95% CI, 0.637‑1.015; P=0.0664), 
but the results were not statistically significant (19,20). 
Furthermore,	CDK4/6i	are	a	preferred	regimen	in	the	first‑	or	
second‑line treatment with endocrine therapy in patients with 
hormone receptor‑positive (HR+), human epidermal growth 
factor receptor 2‑negative (HER2‑) ABC (5‑19).

There is controversy on choosing which CDK4/6i to 
be	selected	for	which	patient	profile,	as	there	are	no	direct	
comparisons between the agents, with certain differences 
in the study populations enrolled in the phase 3 randomized 
studies	(16).	Therefore,	 the	choice	of	patient‑specific	treat‑
ments is driven by factors such as endocrine sensitivity, tumor 
burden, tolerability and the adverse event (AE) profile of 
CDK4/6i (14‑16). Previous meta‑analyses suggest that many 
pharmacological variables, such as concomitant medications 
related to comorbidities, should also be considered when 
choosing CDKis for treatment (21).

Understanding the interaction between breast cancer 
treatment modalities and comorbidities is important, particu‑
larly in elderly patients, as comorbidities affect the choice 
of appropriate treatment and are independent risk factors 
for survival (22). Of note, the comorbidity burden is a key 
component of the diagnosis and treatment process, as well as 
post‑cancer care in clinical practice, which is different from 
clinical trial periods (22). Analyses of pooled study results 
of	CDK4/6is	have	demonstrated	a	similar	efficacy	in	older	
women compared with their younger counterparts, although 
there were more serious AEs and treatment discontinua‑
tions in older patients (23). The aging process alone causes 
damage and disorders in many organs and systems, which may 
increase the risk of AEs. Furthermore, most of these patients 
experience varying degrees of AEs during their treatment due 

to comorbid conditions and drug‑drug interactions (23). The 
present review article discusses the safety, tolerability and 
toxicity of CDK4/6i treatment in ABC management, compiles 
real‑world data on how multiple clinical and pharmacological 
features may affect the choice of these drugs and provides 
practical recommendations for clinical approaches.

2. Methodology

During the inception of the present review, which also includes 
expert opinions, a literature search was performed based on 
the determination of three main objectives: i) To understand 
the	differences	in	tolerability	profile	of	CDK4/6i	drugs	based	
on their clinical study results and pharmacological properties; 
ii) to evaluate the potential effects of comorbidities on treat‑
ment outcomes in patients with ABC; and iii) to review the 
current guidelines and other relevant literature that may guide 
the selection of the appropriate drug for the patient and the 
treatment management, as well as possible side effects in all 
these cases.

The main literature search was performed in the English 
language by searching the MEDLINE® (via the PubMed interface; 
https://pubmed.ncbi.nlm.nih.gov/), Web of Science (https://www.
webofscience.com/wos/woscc/basic‑search), Google Scholar 
(https://scholar.google.com/) and EMBASE (https://www.
embase.com) databases for the 2010‑2023 period to use the 
most recent data. Literature dating back to previous periods was 
reviewed only for the purpose of evaluating the historical evolu‑
tion of epidemiological data and relevant treatments. ‘CDK4/6 
inhibitors and metastatic breast cancer’, ‘CDK4/6 inhibitors and 
adverse events’, ‘comorbidities and breast cancer’ and ‘CDK4/6 
inhibitors and drug interactions’ were used as terms for the 
main literature search. The inclusion criteria were peer‑reviewed 
articles, original study articles, reviews and meta‑analysis articles 
that were published between 2010 and 2023. Articles or case 
reports that were written in languages other than English were 
excluded. In addition, articles that were not directly related to 
toxicities and AEs associated with CDK4/6i used for ABC treat‑
ment were not included. The citations of references were reviewed 
manually. Relevant articles and the most recent related guidelines 
were also reviewed and suitable articles were determined.

A total of 5 academic oncologists (MT, DC, TK, SS and 
GB) and 1 pharmacologist (AK), with >20 years experience 
in the treatment of breast cancer reviewed the publications 
retrieved	from	the	literature	search	and	identified	and	evalu‑
ated those that would provide insight in relation to the subject 
matter and the aim of the present review. They subsequently 
developed recommendations based on the differentiating 
pharmacological and clinical features of CDK4/6i drugs that 
may affect the clinical status of patients with ABC.

3. Pharmacological properties, toxicity profile and drug‑ 
drug interactions of CDK4/6i treatments

The different pharmacological properties of CDK4/6i are 
thought	to	contribute	to	the	different	toxicity	profiles	reported	
for these agents. The CDK4‑cyclin D1 complex is essential 
for the maintenance of breast cancer growth. Conversely, the 
CDK6/cyclin D3 complex is particularly relevant for the matu‑
ration of hematopoietic stem cells in the bone marrow (24). 
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Palbociclib, ribociclib and abemaciclib inhibit CDK4/6 selec‑
tively	and	reversibly	but	exhibit	different	affinities	towards	
CDK4 or CDK6. Abemaciclib is the most potent inhibitor of 
CDK4 and apart from CDK4 and CDK6, abemaciclib also has 
mild activity against CDK9, CDK1 and CDK7 (19). CDK9 is 
an enzyme involved in the regulation of a broad spectrum of 
transcriptional events, as well as embryogenesis and the cell 
proliferation process. The activity against CDK9 may partly 
explain the clinical efficacy of abemaciclib monotherapy 
demonstrated in the MONARCH‑1 and NEXT MONARCH 
trials (25,26). However, there is no clear comparative data on 
whether	these	features	affect	efficacy	or	side	effects.

Abemaciclib has the shortest half‑life among these three 
agents. It is administered at a dose of 200 mg every 12 h 
and given continuously without an off‑treatment period (25). 
By contrast, palbociclib and ribociclib are administered for 
21 days at standard doses of 125 mg once daily and 600 mg 
once daily, respectively, followed by 7 days off treatment to 
reduce the risk of neutropenia.

Ribociclib does not interact with food. Absorption of 
palbociclib capsules and abemaciclib increases with the 
consumption of high‑fat foods, whilst the absorption of 
palbociclib capsules decreases with fasting (21). However, 
palbociclib tablets do not interact with food and abemaciclib 
interacts only in its prodrug form. As abemaciclib and its 
active metabolites are most highly bound to plasma proteins, 
interactions with other drugs that are highly bound to plasma 
proteins may be important (21).

Palbociclib and abemaciclib easily penetrate the 
blood‑brain barrier due to their lipophilic properties. However, 
when compared with palbociclib and ribociclib, only abemaci‑
clib may reach and maintain a therapeutic concentration at 
lower doses. Intracranial activity of abemaciclib was also 
shown in preclinical studies (21,27‑29).

In patients with liver failure, it is recommended to reduce 
palbociclib and abemaciclib to half the dose in Child‑Pugh C 
and reduce ribociclib to 400 mg in Child‑Pugh B and C (21,30). 
In kidney failure, if creatinine clearance (Crcl) is >15 ml/min, 
no dose change is required for any of the 3 agents. However, 
there	is	insufficient	data	for	palbociclib	and	abemaciclib	in	
patients	with	Crcl	≤15	ml/min	or	dialysis	patients.	For	ribo‑
ciclib, the European Medicines Agency and the US Food 
and Drug Administration (FDA) recommend 200 mg/day in 
patients with Crcl <15 ml/min (31‑33).

None of these drugs have been recommended for pregnant 
women and breastfeeding mothers (21,32,34). For the elderly, 
no difference has been found in terms of pharmacological 
efficacy	or	side	effects	(21).	However,	a	study	reported	that	the	
incidence of grade 3‑4 side effects with the use of CDK4/6i 
was notably higher in patients >75 years of age than in those 
<75	years	of	age	(88.8	vs.	73.4%).	Whilst	there	is	no	specific	
recommendation to start treatment with a lower dose at the 
outset for patients >75 years of age, more dose reductions have 
been	reported	in	patients	aged	≥75	years	(35).	Furthermore,	
although	studies	have	reported	that	dose	modifications	did	not	
affect	treatment	efficacy,	there	has	not	been	a	subgroup	anal‑
ysis	specifically	demonstrating	how	efficacy	is	affected	when	
the dose is reduced in those aged >75 years, to the best of our 
knowledge (5‑19). It is recommended to adjust the treatment 
dose by reducing the dose of the drugs according to the degree 

of the side effect, regardless of age. Detailed pharmacological 
properties of CDK 4/6i are summarized in Table I.

The most common side effects of CDK4/6i are summarized 
in Table II from phase 3 studies of the drugs. The most common 
adverse reactions usually occur in the hematologic system 
and	the	gastrointestinal	tract.	However,	the	toxicity	profiles	
of these three drugs exhibit certain differences. In general, 
palbociclib and ribociclib have marked bone marrow toxicity. 
Abemaciclib has a lower rate of grade 3‑4 neutropenia than the 
other two CDK4/6is. The rate of neutropenia for palbociclib is 
highest when used with both letrozole and fulvestrant (grade 
3‑4 neutropenia rate: Palbociclib, 62‑66%; ribociclib, 54‑59%; 
abemaciclib, 21‑26%) (5‑19,36). The reported rate of all‑grade 
thrombocytopenia is higher for abemaciclib, followed by 
palbociclib, although there is little difference in terms of grade 
3‑4 AEs (all‑grade thrombocytopenia incidence: Palbociclib, 
15‑19%; ribociclib, 6‑8.5%; abemaciclib, 15‑36%) (5‑19,36). 
Furthermore, ribociclib has lower anemia rates (5‑19,35) 
and the rate of febrile neutropenia is low (<2%) for all three 
drugs (36). Gastrointestinal side effects are more prevalent 
with abemaciclib and in general, loss of taste, abdominal pain 
and especially diarrhea have been reported more frequently 
for abemaciclib. However, phase 3 studies have reported the 
highest rate of hepatotoxicity along with nausea‑vomiting, 
constipation and elevated transaminase levels for riboci‑
clib (5‑7). The lowest rates of nausea and vomiting have been 
reported for palbociclib (<2%). Considering cardiovascular 
adverse effects, corrected QT (QTc) prolongation has been 
most frequently reported with ribociclib (3.6‑6.2%) (5,6). It 
has also been reported that the rate of patients with throm‑
boembolic events is higher with abemaciclib (5%), whilst 
the incidence of hypertension (HT) is more common with 
ribociclib (5‑19). Furthermore, as abemaciclib inhibits renal 
transporters that mediate tubular secretion of creatinine, 
serum creatinine elevation has been reported as 10‑20% for 
abemaciclib. However, no data on creatinine elevation appear 
to be available for the other two agents (5‑19,37). The lowest 
rate of arthralgia has been reported for abemaciclib. The rates 
of fatigue and alopecia are similar for all three agents. The 
lowest infection rate has been reported in the group of patients 
receiving abemaciclib (5‑19).

All three agents are primarily metabolized in the liver by 
cytochrome P450 (CYP)3A (36). Ribociclib also reversibly 
inhibits CYP1A2 and CYP2E1. Abemaciclib and its major 
active metabolites have been reported to downregulate CYP 
mRNAs, including CYP1A2, CYP2B6, CYP2C8, CYP2C9, 
CYP2D6 and CYP3A4. Furthermore, ~26% of palbociclib 
is metabolized by sulfotransferase family 2A member 1 (21). 
However, studies on these enzymes and metabolism of 
CDK4/6i	are	not	clear,	as	genetic	variations	may	influence	the	
metabolism and response to CDK4/6i (38). Therefore, more 
studies are needed in this area (39). However, the present study 
aimed to guide clinicians in the selection of CDK4/6i, consid‑
ering the effects of advanced age, comorbidities, concomitant 
medications and side effects. Therefore, only the CYP3A 
enzyme is discussed, as it has been reported to be the most 
influential	in	the	hepatic	elimination	of	CDK4/6i	in	terms	of	
pharmacodynamic and pharmacokinetic properties.

Drugs or conditions that induce or inhibit the CYP3A 
enzymes may alter the biotransformation and as a result the 
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elimination of CDK4/6i drugs (21). Induction of the CYP3A 
enzymes has been reported to result in decreased concen‑
trations of CDK4/6i and consequently a lower efficacy of 

these drugs. However, inhibition of the CYP3A enzymes 
has been reported to decrease the metabolism of the drugs, 
resulting in an increase in their plasma concentration. In this 

Table I. Pharmacological properties of cyclin‑dependent kinase 4/6 inhibitors (21,29‑34).

Item Palbociclib Ribociclib Abemaciclib

Inhibitory effect on CDK4 = CDK6 CDK4 > CDK6 CDK4 >> CDK6; low potency
kinases   against CDK1, CDK7 and CDK9
Absolute oral  46 NR 45
bioavailability, %   
Time to maximum 7 5 8
concentration, h   
Half‑life, h 25.9 32.6 8.0
Metabolism CYP3A and SULT2A1 CYP3A4 CYP3A4
Major elimination 74 69 71
route, % in feces   
Food interaction   
  Fasting Increased absorption in NA NA
 capsule form; not affected   
 in tablet form  
  High‑fat meal Decreased absorption in NA Decreased absorption
 capsule form; not affected   
 in tablet form  
BBB penetration Low  Not penetrated High 
Pro‑drug No No Yes: N‑desethylabemaciclib (M2), 
   hydroxyabemaciclib (M20) and
   hydroxy‑N‑desethylabemaciclib
   (M18)
Binding protein, % 85 70 96‑98
Recommended dosage 125 mg/daily on days 1‑21 600 mg/daily on days 1‑21 200 mg twice daily in 
 Q28 with food Q28 monotherapy; 150 mg twice daily 
   in combination with endocrine 
   therapy
Dose adjustment   
  Hepatic failure Child‑Pugh A or B: No Child‑Pugh A:  No Child‑Pugh A or B: No 
	 modifications;	Child‑Pugh	 modifications;	Child‑Pugh	B	 modifications;	Child‑Pugh	C:	
 C: 75 mg/day starting dose or C: 400 mg/day starting dose 150 mg/day starting dose
  Renal failure Crcl >15 ml/min:  Crcl >15 ml/min: No dosage  Crcl >15 ml/min: No dosage 
	 No	dosage	adjustment;		 adjustment;	Severe:	lower		 adjustment;	Crcl	≤15	ml/min:
	 Crcl	≤15	ml/min:		 starting	dose	to	400	mg/day		 NR;	ESRD:	NR
 NR; ESRD: NR (EMA) or 200 mg/day starting  
  dose (FDA)a 
  ESRD: NR 
Important drug CYP3A4 inducers;  CYP3A4 inducers; CYP3A4 CYP3A4 inducers; CYP3A4
interactions CYP3A4 inhibitors inhibitors inhibitors
Use during pregnancy NR  NR NR
and breastfeeding   
Use in elderly No differences in safety No differences in safety No differences in safety and
	 and	efficacy	 and	efficacy	 efficacy

aOnly studied healthy subjects and noncancer subjects with severe renal impairment. CDK, cyclin‑dependent kinase; NR, not recommended; 
CYP, cytochrome P450; SULT2A1, sulfotransferase family 2A member 1; BBB, blood‑brain barrier; Crcl, creatinine clearance; EMA, European 
Medicines Agency; ESRD, end‑stage renal disease; FDA, Food Standards Agency; NA, not affected; Q28, every 28 days.
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case, side effects and toxicity may be experienced. Table III 
lists commonly used drugs and drug groups that may inhibit 
or induce the CYP3A enzyme at moderate and strong levels. 
Concomitant use of CDK4/6i with a strong CYP3A inducer is 
not recommended. For the use of moderate CYP3A inducers, it 
is	recommended	to	monitor	drug	efficacy	and	disease	control	
adequately, and concomitant use of CDK4/6i with strong 
CYP3A inhibitors is not recommended (21,30,40). However, if 
it is required, the dose of CDK4/6i should be reduced, as indi‑
cated in Table IV. For abemaciclib, the dose can be reduced 
to 50 mg twice daily if adverse effects occur with the admin‑
istration of 100 mg twice daily (21). For the use of moderate 
CYP3A inhibitors, it is recommended to monitor the patient 
in terms of adverse effects and to reduce the dose if neces‑
sary (21,30,40). Table III also lists frequently used drugs that 
may	alter	the	efficacy	of	CDK4/6i	when	used	concomitantly.

As the metabolism of these drugs slows down in the liver, 
blood levels of the drugs may increase, leading to toxicity. In 
this case, strict monitoring and, if necessary, reduction of the 
dose of concomitantly used drugs is recommended (21,30,40). 
Finally, drugs that induce QTc prolongation, another condi‑
tion to be considered in the use of concomitant drugs, are 
listed by common disease groups in Table IV. These drugs 
are particularly important for patients using ribociclib, as 
their concomitant use with ribociclib may cause prolon‑
gation of the QT interval and torsade de pointes, which 
may be fatal. Therefore, their use with ribociclib is not 
recommended (21,30,40).

4. Prevalence of comorbid conditions in patients with 
breast cancer and their impact on CDK4/6i treatment 
outcomes

In a comorbidity analyses study that included a cohort of 
patients diagnosed with cancer between 1992 and 2005 who 
resided in 11 Surveillance, Epidemiology and End Results 
(SEER) areas (Comorbidity Prevalence Among Older Cancer 
Patients), the prevalence of comorbidities was 32.2% in 
patients with breast cancer (2). The study also demonstrated 
that the incidence of mortality due to comorbid diseases 
increased in parallel to stage, comorbid status and age; and 
severe comorbidity level was prognostic in all stages and 
ages. The mortality rate from metastatic breast cancer in 
those aged 75‑84 years was similar between patients without 
comorbid diseases and those with mild or severe comorbid 
disease. However, mortality rates from other causes tended 
to increase in parallel with comorbid disease levels (without 
comorbid disease, 8.7%; with mild or severe comorbid disease, 
13.3 and 21.7%, respectively) (2). According to this report, 
the most common comorbidities were diabetes mellitus (DM; 
14.5%), chronic obstructive pulmonary disease (COPD; 9.5%), 
congestive heart failure (6.9%), cerebrovascular disease 
(4.6%), peripheral vascular disease (2.7%) and rheumatologic 
disease (2.2%; Table IV) (2). Another retrospective study 
that reviewed the SEER data of ~64,000 patients with breast 
cancer reported the negative effect of comorbidities on OS in 
elderly women. Each of the 13 comorbid conditions assessed 
were associated with decreased OS and increased mortality. 
Comorbid	diseases	were	classified	according	to	their	mortality	
rate. The study further reported that even if the tumor was 

diagnosed at an early stage, the survival outcomes in patients 
with comorbidities were similar to those of patients with a 
higher tumor stage without any comorbidities (41).

In another study, the effect of comorbidities on health‑related 
quality of life was assessed in patients with breast cancer. 
Comorbidities	were	assessed	using	self‑reports	and	verified	by	
medical record review and the Charlson Comorbidity Index. 
Quality of life was evaluated using the Short‑Form Health 
Survey. Whilst 73.8% of these patients were reported to have 
≥1	comorbidity	and	54.7%	had	2‑4,	only	7.4%	had	5‑8	comor‑
bidities. The most common comorbidities were (HT) (32.8%), 
arthritis (32.8%), thyroid problems (22.4%), hypercholesterol‑
emia (12.7%) and DM (12.0%). In addition, certain individual 
comorbidities (namely, HT, arthritis and DM) negatively 
impacted certain quality of life domains, including physical 
functioning, general health, bodily pain and vitality (42). Thus, 
the study reported that comorbid conditions adversely affected 
not only the prognosis but also the quality of life in patients 
with breast cancer.

Complications due to surgery, radiotherapy and chemo‑
therapy also cause an increase in comorbidities, regardless 
of age (2). Local therapies such as breast cancer surgery and 
radiotherapy may cause persistent pain in the breast area, 
arm and shoulder, lymphedema and restrictions of arm and 
shoulder movement. Chemotherapy and endocrine treatment 
may cause infertility and premature menopause, sexual 
dysfunction, cognitive problems, fatigue and osteoporosis. 
Awareness of cardiotoxicity, renal failure, hepatic toxicity, 
infection, bone marrow suppression, endocrine dysfunctions, 
thromboembolism, major depression and other psychological 
symptoms is necessary, since chemotherapeutic agents can 
damage different organs and systems (43,44). Results from a 
Canadian study demonstrated that patients with breast cancer 
had a higher risk of developing new comorbidities than those 
without cancer. The study evaluated the risk of developing 
seven comorbidities of interest followed up from the index date 
(2005‑2009) to December 31, 2013. The risks of developing 
ischemic heart disease, heart failure, depression, DM, osteo‑
porosis and hypothyroidism were higher in patients with breast 
cancer compared with those with no history of cancer (45). 
Another study compared the comorbidity scores of 26,213 
long‑term survivors of breast, colorectal and prostate cancer 
with a matched control population. The cohort consisted 
of patients with a mean age of 66.9, 74.1 and 76.1 years for 
patients with breast, colorectal and prostate cancer, respec‑
tively.	A	high	proportion	of	the	population	had	≥1	comorbid	
disease and had experienced >5 years of follow‑up post‑cancer 
diagnosis. The study also reported an increased rate of heart 
failure and a notably increased incidence of osteoporosis 
compared with that of the control, highlighting the risk of 
developing new comorbid conditions related to late effects of 
treatment among breast cancer survivors. After accounting 
for matched groups and additional covariates, an increased 
rate of coronary artery disease and a marginal increase in 
the risk of hypothyroidism in survivors of breast cancer was 
reported (46). In summary, these comorbid conditions may 
develop as treatment complications in all age populations, but 
the risk is higher in advanced age.

The strongest prognostic factors predicting relapse or 
mortality due to breast cancer are patient age, comorbidity, 
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tumor size, tumor grade, number of involved axillary lymph 
nodes and possibly HER2 tumor status according to the 
National Comprehensive Cancer Network guidelines (16). Age 
and	comorbid	conditions	do	not	only	have	prognostic	signifi‑
cance in breast cancer but are also important in the choice 
of treatment. Guidelines recommend that the physician's 
decision‑making process should take concomitant diseases, 
life expectancy and quality of life into account before initi‑
ating the treatment (16,47). However, patients with breast 
cancer aged 65 years or above, or patients with comorbidities 
are less frequently involved in the studies and relevant insight 
is frequently obtained from the retrospective analyses (48). 
The same applies to research on CDK4/6i; therefore, there 
are	no	definite	and	sufficient	recommendations	for	comorbid	
conditions when evaluating CDK4/6i treatment options in the 
current guidelines. Real‑world evidence studies may provide 
certain information on patient populations underrepresented 
in clinical studies.

5. Treatment management and practical approaches for 
choosing appropriate CDK4/6i treatments

To reduce the side effects of CDK4/6i treatment, it is neces‑
sary to choose the right drug for the right patient, follow the 
patient appropriately while using the drug and use the right 
approach in case of toxicity. The most important side effects 
are neutropenia, diarrhea, QTc prolongation and elevated 
levels	of	liver	enzymes.	Specific	monitoring	procedures	have	
been established for the use of CDK4/6i drugs in clinical prac‑
tice. These procedures include a regular complete blood count 
for palbociclib, ribociclib and abemaciclib, a regular check of 
liver function tests (LFTs) for ribociclib and abemaciclib and 
a regular check of electrocardiogram (ECG) along with QTc 
interval monitoring for ribociclib (49,50). The recommended 
adverse effect monitoring times for patients using CDK4/6i are 
listed in Table V.

In the aging process, physiological reserve of multiple 
systems decreases due to comorbidities, drug interactions and 
conditions caused by cancer itself (51). However, data evalu‑
ating the pharmacokinetics and safety of CDK4/6i drugs in 
older adults are lacking. Of particular importance, decreased 
bone marrow reserve seen in elderly patients may increase the 
risk of myelosuppression, which is a common‑class side effect 
of these drugs (40). Neutropenia is most frequently seen with 
palbociclib, followed by ribociclib. Therefore, caution should 
be exercised when using palbociclib and ribociclib. However, 
the rate of febrile neutropenia is relatively low (<2%) for all 
three drugs (50). Furthermore, a few points should be noted 
regarding CDK4/6‑induced neutropenia: Although neutro‑
penia is a common side effect of chemotherapeutic agents, 
neutropenia associated with CDK4/6i arises from the produc‑
tion of neutrophil precursors in the bone marrow through cell 
cycle arrest without apoptosis and continued proliferation 
following	drug	discontinuation.	Therefore,	it	is	sufficient	to	
interrupt the drug in the case of bone marrow suppression. 
There is no need to use granulocyte‑colony stimulating factor 
in the event of neutropenia and resolution of grade 3‑4 neutro‑
penia occurs ~7 days after discontinuation of the drug (49,50). 
Neutropenia is proportional to exposure and generally reduces 
with subsequent cycles, indicating no cumulative toxicity or 
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need to reduce the dose when restarting if indicated (36,49,50). 
In addition, it has been reported that dose reduction was 
not associated with decreased efficacy for palbociclib and 
ribociclib (50). The management of hematologic AEs is 
summarized in Table VI.

Prolonged QT syndrome is a heart rhythm condition that 
can potentially cause rapid, chaotic heartbeats and riboci‑
clib prolongs the QT interval in a concentration‑dependent 
manner. When initiating treatment with ribociclib, patients 
at risk of QT prolongation or those with QT prolongation 
before or during cancer therapy should be assessed (52,53). 
The prolongation of the QTc interval with aging needs to be 
considered, as it may possibly increase the risk of cardiac AEs 
in elderly patients receiving ribociclib; therefore, it should 
not be used in the case of risk (40). Electrolyte changes and 
drug‑drug interactions may also cause QTc prolongation. 
The combination of ribociclib with tamoxifen has been found 
to prolong QTc more compared with the combination with 
nonsteroidal aromatase inhibitors (16 vs. 7%) (53). The FDA 
has not approved the ribociclib and tamoxifen combination 
due to concerns about QTc prolongation. In routine practice, 
patients eligible for ribociclib therapy should be monitored 
for their cardiac status and concomitant drugs that poten‑
tially prolong QTc (54‑56). At the beginning of the treatment, 
patients should be checked with an ECG. Subsequent 
follow‑ups are summarized in Table V and the treatment 
management is summarized in Table VI.

Gastrointestinal adverse effects are generally seen 
with	abemaciclib.	Diarrhea	may	cause	fluid	and	electrolyte	
imbalance. Therefore, diarrhea should be carefully monitored. 
Blood tests can be helpful in detecting changes in electrolyte 
levels. Abemaciclib may cause a progressive decrease in 
glomerular	filtration	rate	and	renal	blood	flow	may	potentially	
increase the severity of dehydration in older patients with 
diarrhea or nausea (40,57). Antidiarrheal medications such 
as loperamide and diphenoxylate/atropine should be used 
proactively as soon as diarrhea begins in order to prevent 
complications. Nausea and vomiting should be treated with 
antiemetics such as metoclopramide and serotonin 5‑HT3 
antagonists if necessary (50,56).

Liver metabolism decreases with aging (40). Furthermore, 
hepatic metabolism may be affected by several pharmaco‑
logical agents that are commonly used for comorbidities. This 
may result in increased drug exposure and adverse effects, 
or	increased	drug	metabolism	and	decreased	drug	efficacy.	
In addition, the presence of hepatic metastases is another 

factor affecting drug metabolism. Early monitoring of LFTs 
is required when initiating CDK4/6i therapy to identify 
asymptomatic elevations in liver enzymes and to differentiate 
CDK4/6i toxicity from other causes, such as hepatic progres‑
sion. As LFT abnormalities are more common with ribociclib 
and abemaciclib than with palbociclib, there are specific 
recommendations	for	monitoring	and	dose	modifications	for	
ribociclib and abemaciclib, as demonstrated in Tables V and 
VI (50‑56). If a total bilirubin increase is accompanied by an 
elevation in aspartate aminotransferase or alanine transaminase 
in the absence of cholestasis, ribociclib should be discontinued 
irrespective of the baseline grade (56). Hypoalbuminemia due 
to cachexia or hepatic failure may also affect the serum plasma 
level of the active metabolite of abemaciclib by altering serum 
albumin levels (21).

An increase in serum creatinine was reported in 78.4% of 
patients receiving abemaciclib with fulvestrant or an aroma‑
tase inhibitor in phase 3 studies. However, grade 3‑4 increases 
were reported to be very low (1.9%). This indicated there was 
an inhibition of renal transporters involved in tubular secre‑
tion. In general, the increase in creatinine was reported to 
occur	during	the	first	month	of	treatment	and	remained	stably	
high. After the end of treatment, the creatinine level returned 
to the baseline value (56).

Aging and concomitant conditions as well as the cancer 
itself are highly thrombogenic conditions. Venous thrombo‑
embolic events (VTE), including deep vein thrombosis and 
pulmonary embolism, are serious AEs. VTE has rarely been 
reported with CDK4/6i, with the incidence of VTE reported 
to be 5% in the MONARCH3 and MONARCH2 studies, 
2% in the PALOMA‑3 study and in only 2 cases in the 
MONALEESA‑2 study. Therefore, patients should be moni‑
tored for signs and symptoms of thrombosis and pulmonary 
embolism while on abemaciclib (53,56,57). Direct oral anti‑
coagulants (DOACs) are increasingly being used in cancer 
patients. Considering that these drugs undergo liver metabo‑
lism, the simultaneous administration of CDK4/6 inhibitors 
(CDK4/6‑I) and DOACs needs to be thoroughly discussed, 
particularly in the absence of data regarding potential phar‑
macological interactions. Additional information on this 
crucial topic is strongly needed. Therefore, caution should 
be taken when using direct acting oral anticoagulants, 
as concurrent use with CDK4/6i may increase the risk of 
bleeding (26). 

The rate of HT development in patients receiving ribociclib 
and letrozole combination was reported to be 9.9% (all grades) 

Table V. Requirements for monitoring adverse events during treatment with cyclin‑dependent kinase 4/6 inhibitors (50,53‑56).

 Complete blood count monitoring Liver function monitoring ECG and QTc monitoring
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Drug Cycle 1 Cycle 2 Other cycles Cycle 1 Cycle 2 Other cycles Cycle 1 Cycle 2 Other cycles

Palbociclib D1, D15 D1, D15 D1 NR NR NR NR NR NR
Ribociclib D1, D14 D1, D14 D1 D1, D14 D1, D14 D1 D14 D1 D1
Abemaciclib D1, D14 D1, D14 D1 D1, D14 D1, D14 D1 NR NR NR

ECG, electrocardiogram; QTc, corrected QT; NR, not recommended; D, day.
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in the MONALEESA‑2 study and 6% in the PALOMA‑3 
study. No relevant data were reported in studies on abemaci‑
clib (5,9,10,13). In a pooled analysis of data from three 
randomized controlled trials on the combination of CDK4/6i 
and AI by the FDA (n=1,827), the incidence of grade 3‑4 HT 
with combination therapy was 7.7% in postmenopausal elderly 
patients (36).

A study evaluating the pulmonary toxicity of CDK4/6i by 
analyzing the publicly available FDA Adverse Event Reporting 
System recommended that the rate of CDK4/6i and interstitial 
lung disease should not be underestimated, and oncologists 
should be cautious in this regard. The study underscored 
that patients who were administered abemaciclib reported 
more interstitial lung disease than those receiving ribociclib 
and Palbociclib (58). Dose reduction and/or discontinuation 
of therapy was rarely required in the MONARCH 2 and 3 
studies; however, 1/4 patients were treated with steroids and/or 
antibiotics (58).

Oncologists should take caution whilst using CDKi in 
patients with several common comorbidities. While there 
was	no	specific	recommendation	for	CDK4/6i	in	the	litera‑
ture for patients with type 2 DM, it is important to know 
drug‑drug interactions related to CDK4/6i in patients with 
DM and psychiatric disease. In patients administered dipep‑
tidyl peptidase 4 inhibitors and repaglinide, blood glucose 
imbalances may occur when used with CDK4/6i (21,30,40). 
Simvastatin and atorvastatin, which are commonly used for 
the treatment of HL, may interact with CDK4/6i and toxicity 
of antihyperlipidemics may be observed (21,30,40). Caution 
should also be exercised when using ribociclib in patients 

with uncontrolled malignant HT. The administration of 
angiotensin‑converting enzyme inhibitors for patients 
receiving CDK4/6i treatment appears more appropriate 
in terms of drug‑drug interactions (21,30). Bone and joint 
pain resulting either from bone metastases or benign causes 
such as degenerative disease are common in the elderly 
population, which frequently requires utilization of pain 
killers (40). Concomitant use of methadone and fentanyl 
with CDK4/6i may increase serum concentrations of these 
opioids by causing changes in drug metabolism. In addition, 
concomitant use also poses a risk in terms of QTc prolonga‑
tion (21,30).

Neuropsychiatric problems, such as insomnia and depres‑
sion, are also common in elderly patients (22). In patients using 
CDK4/6i drugs, it would be appropriate to choose antidepres‑
sants such as duloxetine, desvenlafaxine and anxiolytics, such 
as lorazepam, lormetazepam or clotiazepam, as their interac‑
tions are low (21,30). It is not recommended to use CDK4/6i in 
combination with carbamazepine, phenobarbital or phenytoin 
in patients with neurological diseases (21,30). Furthermore, 
certain migraine treatment drugs may cause QTc prolongation. 
Therefore, caution should be exercised during the treatment of 
migraines (21,30). 

In general, the most common comorbid diseases seen 
with breast cancer are DM, HT, heart diseases, COPD, 
osteoporosis, arthritis, cardiovascular disease, depression and 
hypothyroidism. In light of the available evidence and the 
current clinical guidelines, recommendations for drug selec‑
tion based on the patient and CDK4/6i drug characteristics are 
summarized in Table VII.

Table VII. Cyclin‑dependent kinase 4/6 inhibitor recommendations based on the individual condition of patients (16,21,30, 
36,40,53‑58).

Comorbidities Palbociclib Ribociclib Abemaciclib

Cardiac comorbidities +++ + ++
Susceptibility to infection and myelosuppression + + +++
Gastrointestinal disease +++ +++ +
Renal impairment +++ +++ +
Pulmonary disease +++ +++ ++
Hepatobiliary comorbidities   
  Without hypoalbuminemia +++ + ++
  With hypoalbuminemia +++ ++ +
Cachexia +++ +++ +
Uncontrolled hypertension ++ + +++
Thromboembolic events ++ +++ +
Arthritis ++ ++ +++
Metastatic sites   
Hepatic metastasis   
  Without hypoalbuminemia +++ + ++
  With hypoalbuminemia +++ ++ +
Brain metastasis ++ ++ +++
Concomitant medication +++ + ++

+++, strong recommendation; ++, moderate recommendation; +, low recommendation.
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6. Discussion

Recent studies on CDK4/6 inhibitors have significantly 
altered the treatment landscape for HR+ HER2‑ advanced 
breast cancer, positioning these drugs ahead of traditional 
chemotherapy and hormone therapy alone in clinical practice. 
Among them, abemaciclib has recently been approved in 
patients with high‑risk early breast cancer to be used until 
completion of 2 years of treatment or until disease recur‑
rence or unacceptable toxicity (15). HR+ breast cancer makes 
accounts for 2/3 of all breast cancers. Most of the patients 
with HR+ HER2‑ ABC will be administered CDK4/6i drugs 
during their clinical course. Individualizing cancer therapy 
is a complex process requiring the complete evaluation of 
patient‑ and drug‑related factors to prolong survival, minimize 
toxicity and maintain quality of life in ABC (19). It is therefore 
important to have foresight regarding how to choose between 
palbociclib, ribociclib and abemaciclib, which are all effec‑
tive and tolerable in patients with breast cancer. For instance, 
the pooled retrospective subgroup analysis of the registration 
studies that led to approval of the use of these three CDK4/6i 
drugs	for	older	and	younger	patients	confirmed	the	PFS	benefit	
of CDK4/6i + ET therapy in all patients regardless of age 
across trial populations. Therefore, there is no data to support 
withholding CDK4/6i + ET therapy based on age (35). Pooled 
data from randomized studies demonstrated that older patients 
(>75 years) experienced higher toxicity rates, more dose 
modifications	and	a	greater	dose	reduction	in	quality‑of‑life	
measures	compared	with	 the	baseline	(35).	These	findings	
are supported by real‑world clinical outcome and toxicity 
data from patients with ABC treated with CDK4/6i drugs, as 
characteristics	of	unselected	real‑life	patients	may	not	fulfill	
the eligibility criteria of prospective randomized clinical 
studies (59,60).

Most patients with breast cancer and advanced age have 
high rates of comorbidities and concomitant drug use at the 
onset of oncologic treatment or during treatment. Common 
comorbidities in patients with breast cancer have been reported 
to be similar to those in patients without breast cancer in accor‑
dance with the age population (2,22). Elderly patients may 
not be aware of all comorbid diseases due to socioeconomic 
conditions and cognitive function. Whilst planning treatment, 
it is necessary for the physician to evaluate the patient holisti‑
cally before deciding on the choice of treatment. Furthermore, 
certain anticancer treatments, such as chemotherapy and 
radiotherapy, may worsen or cause an increased number of 
comorbidities.

Before starting treatment with CDK4/6i drugs, all concom‑
itant diseases should be accounted for and re‑graded, and a 
full examination should be performed to identify any addi‑
tional disease that the patient may not be aware of. It is also 
important to obtain a detailed history of ongoing concomitant 
medications, including prescription and over‑the‑counter 
drugs, vitamins, supplements and herbal products. In addition, 
patients should be advised to consult their oncologist before 
starting any new medication.

The present review highlighted the importance of patient‑ 
and drug‑related risks of CDK4/6i treatments in patients 
with ABC. Awareness of potential risks helps to reduce the 
complications associated with comorbidities, the prevalence of 

drug‑drug interactions, alleviate drug toxicities and contribute 
to the effective management of patients with ABC.
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