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Effects of the Moderate CYP3A4 Inhibitor 
Erythromycin on the Pharmacokinetics of 
Palbociclib: A Randomized Crossover Trial in 
Patients With Breast Cancer
Laura Molenaar-Kuijsten1,†, C. Louwrens Braal2,†, Stefanie L. Groenland3,†, Niels de Vries1, Hilde Rosing1,   
Jos H. Beijnen1,4, Stijn L.W. Koolen2,5, Annelie J.E. Vulink6, Marloes G.J. van Dongen3, Ron H.J. Mathijssen2, 
Alwin D.R. Huitema1,7,8, Neeltje Steeghs3,* and On behalf of the Dutch Pharmacology Oncology Group (DPOG)

Palbociclib is an oral inhibitor of cyclin-dependent kinases 4 and 6 used in the treatment of locally advanced and 
metastatic breast cancer, and is extensively metabolized by cytochrome P450 enzyme 3A4 (CYP3A4). A pharmacokinetic/
pharmacodynamic relationship between palbociclib exposure and neutropenia is well known. This study aimed to 
investigate the effects of the moderate CYP3A4 inhibitor erythromycin on the pharmacokinetics of palbociclib. We 
performed a randomized crossover trial comparing the pharmacokinetics of palbociclib monotherapy 125 mg once daily 
(q.d.) with palbociclib 125 mg q.d. plus oral erythromycin 500 mg three times daily for seven days. Pharmacokinetic 
sampling was performed at steady-state for both dosing schedules. Eleven evaluable patients have been enrolled. For 
palbociclib monotherapy, geometric mean area under the plasma concentration-time curve from zero to infinity (AUC0–24h), 
maximum plasma concentration (Cmax), and minimum plasma concentration (Cmin) were 1.46 × 103 ng•h/mL (coefficient 
of variation (CV) 45.0%), 80.5 ng/mL (CV 48.5%), and 48.4 ng/mL (CV 38.8%), respectively, compared with 2.09 × 
103 ng•h/mL (CV 49.3%, P = 0.000977), 115 ng/mL (CV 53.7%, P = 0.00562), and 70.7 ng/mL (CV 47.5%, P = 0.000488) 
when palbociclib was administered concomitantly with erythromycin. Geometric mean ratios (90% confidence intervals) 
of AUC0–24h, Cmax, and Cmin for palbociclib plus erythromycin vs. palbociclib monotherapy were 1.43 (1.24–1.66), 1.43 
(1.20–1.69), and 1.46 (1.30–1.63). Minor differences in adverse events were observed, and only one grade ≥ 3 toxicity 
was observed in this short period of time. To conclude, concomitant intake of palbociclib with the moderate CYP3A4 
inhibitor erythromycin resulted in an increase in palbociclib AUC0–24h and Cmax of both 43%. Therefore, a dose reduction of 
palbociclib to 75 mg q.d. is rational, when palbociclib and moderate CYP3A4 inhibitors are used concomitantly.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Exposure to palbociclib is increased when combined with a strong 
cytochrome P450 enzyme 3A4 (CYP3A4) inhibitor. No clinical trial 
with moderate CYP3A4 inhibitors was performed so far, while these 
moderate inhibitors are more frequently used in clinical practice. A 
higher palbociclib exposure is related to an increased risk of toxicity.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This study aimed to investigate the effects of the moderate 
CYP3A4 inhibitor erythromycin on the pharmacokinetics of 
palbociclib.

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
 Palbociclib exposure was increased by more than 40% when 
administered concomitantly with erythromycin in this clinical 
trial.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 In case concomitant administration of palbociclib with a 
moderate CYP3A4 inhibitor is necessary, it is rational to reduce 
the palbociclib dose by 40%, i.e., to 75 mg q.d.
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INTRODUCTION
Palbociclib is an orally administered inhibitor of cyclin-dependent 
kinases 4 and 6, and is currently approved in combination with 
an aromatase inhibitor or fulvestrant for the treatment of hor-
mone receptor-positive, human epidermal growth factor recep-
tor 2 (HER2)–negative, locally advanced or metastatic breast 
cancer.1–3 In the pivotal PALOMA2 (a study of palbociclib (PD 
0332991) combined with letrozole vs. letrozole for first-line 
treatment of postmenopausal women with ER-positive, HER2-
negative advanced breast cancer) study, patients receiving palbo-
ciclib plus letrozole as a first-line treatment had a significantly 
longer median progression-free survival compared with patients 
treated with letrozole alone (24.8  months vs. 14.5  months, haz-
ard ratio 0.58, P  <  0.001).4 Similarly, the addition of palboci-
clib to fulvestrant was superior to fulvestrant alone in second or 
subsequent treatment lines in the PALOMA3 (palbociclib (PD 
0332991) combined with fulvestrant vs. fulvestrant in hormone 
receptor-positive, HER2-negative metastatic breast cancer after 
endocrine failure) study (median progression-free survival 9.2 vs. 
3.8 months, hazard ratio 0.42, P < 0.001).5 The approved dose of 
palbociclib is 125 mg once daily (q.d.) in a 3-weeks-on/1-week-off 
dosing schedule.

As palbociclib is extensively metabolized by cytochrome P450 
enzyme 3A4 (CYP3A4), its exposure can be markedly affected 
by concomitant administration with CYP3A4 modulators.1,3 In 
a previous drug–drug interaction study in 12 healthy male vol-
unteers, coadministration of itraconazole, a strong CYP3A4 in-
hibitor, in a dose of 200 mg for 5 days resulted in an increase in 
the area under the plasma concentration-time curve from zero to 
infinity (AUC0–∞) and maximum plasma concentration (Cmax) of 
87% and 34%, respectively, after a single dose of palbociclib on Day 
5.1,3,6,7 Based on these data, it is recommended in the drug labels 
of both the U.S. Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA) to avoid concomitant use of 
strong CYP3A4 inhibitors, or otherwise to reduce the palbociclib 
dose to 75 mg q.d. instead of the standard dose of 125 mg q.d.1,3

No clinical studies have been performed to study the effects of 
moderate CYP3A4 inhibitors on palbociclib pharmacokinetics. 
Simulations with a physiologically-based pharmacokinetic (PBPK) 
model of palbociclib predicted that concomitant administration of 
palbociclib with moderate CYP3A4 inhibitors diltiazem and ve-
rapamil would lead to an increase in palbociclib AUC and Cmax 
of 38% and 22% for verapamil, and 42% and 23% for diltiazem, 
respectively.7 It has been concluded that the risk of drug–drug 

interactions for palbociclib coadministered with moderate 
CYP3A4 inhibitors is modest and that dose adjustments are thus 
not needed. However, we argue that a 40% increase in exposure 
could be clinically relevant, as higher palbociclib exposure is related 
to an increased risk of toxicity (i.e., neutropenia).8,9 In the pivotal 
studies, 30% to 40% of patients needed a dose reduction due to 
toxicity.4,5,10 Especially in these patients, concomitant administra-
tion with moderate CYP3A4 inhibitors could lead to increased ad-
verse events. Based on these simulations, dose reductions to 75 mg 
q.d. or 100 mg q.d. (60% or 80% of the standard dose) might be a 
strategy to reduce the risk of toxicities, while maintaining adequate 
exposure. The effect of drug–drug interactions via CYP3A4 has 
thus far only been evaluated in single-dose studies in healthy male 
volunteers and PBPK simulations. Therefore, a drug–drug interac-
tion study at steady-state concentration in real-life patients treated 
with palbociclib would provide the most essential and clinically 
relevant information. Moreover, this could serve as a showcase for 
other oral targeted therapies metabolized by CYP3A4 and other 
moderate CYP3A4 inhibitors.

Based on the above, we conducted a randomized pharmacoki-
netic crossover trial to study the effects of the moderate CYP3A4 
inhibitor erythromycin on the pharmacokinetics of palbociclib in 
female breast cancer patients.

METHODS
Study design
We performed a prospective, multi-center, randomized clinical trial with 
a crossover design, according to the guideline of the FDA for drug–drug 
interaction studies.11 Figure 1 provides a schematic overview of the study 
design. Patients were randomized to start with either palbociclib 125 mg 
q.d. combined with erythromycin 500 mg three times daily (t.i.d.) (Arm 
A) or palbociclib monotherapy 125 mg q.d. (Arm B). Pharmacokinetic 
exposure was determined at both dosing schedules. Erythromycin was 
selected as a moderate CYP3A4 inhibitor, because this drug shows few 
side effects compared with other moderate CYP3A4 inhibitors. The se-
lected dose was within the therapeutic range, and the dose was in agree-
ment with other DDI studies where erythromycin was used.12–15 Taking 
into account the duration-dependent inhibition of CYP3A4 by eryth-
romycin and the mean elimination half-life of palbociclib of 29 hours, 
1 week was considered to be sufficient to reach steady-state concentra-
tions.1,15 As erythromycin is inhibiting CYP3A4 irreversibly, it can take 
up to 1 week until CYP3A4 function is returned to baseline function 
after discontinuation of erythromycin.16,17 Therefore, a washout period 
of 1 week followed by 1 week to reach new steady-state concentrations 
has been chosen. The crossover design of the study was chosen to eval-
uate potential effects of this washout on outcome. Erythromycin was 
administered for 7 days on either Day 1–7 or Day 15–21, depending on 

Figure 1  Schematic overview of clinical trial design. Pharmacokinetic sampling was performed at Day 7 and Day 21 of the study. 
R, randomization, q.d., once daily, t.i.d., three times daily.
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randomization. Randomization was performed by block randomization 
in ALEA (FormsVision BV, Abcoude, The Netherlands). The block size 
was four, and blocks were only visible for a system administrator. Patients 
were instructed to take palbociclib at 8:00 a.m., and erythromycin t.i.d. 
at 8:00 a.m., 4:00 p.m., and 12:00 a.m., both palbociclib and erythromy-
cin together with food (diet of own choice of the patient). Patients requir-
ing a dose interruption or dose reduction or who discontinued treatment 
during the study were considered nonevaluable for the pharmacokinetic 
analyses and were replaced. At the end of the trial, palbociclib treatment 
was continued as part of standard care.

Patient population
Patients with histological or cytological proof of cancer with an indica-
tion for treatment with palbociclib (i.e., advanced breast cancer) at the 
standard dose of 125 mg q.d. were eligible for inclusion. Further inclusion 
criteria were aged ≥18  years, World Health Organization performance 
status of 0, 1, or 2, and adequate organ function per judgment of the 
treating physician.

Exclusion criteria were concomitant use of other medication that could 
influence the pharmacokinetics of palbociclib within 14 days or five half-
lives of the drug (whichever was shorter) before start of the study, includ-
ing (but not limited to) CYP3A4 inhibitors or inducers, or a QT duration 
corrected for heart rate (QTc) >450 milliseconds (or >480 milliseconds 
for patients with bundle branch block) because erythromycin may poten-
tially prolong the QTc interval. Therefore, an electrocardiogram was per-
formed at screening.

Pharmacokinetics
At Day 7 and Day 21 of the study, patients were admitted to the hos-
pital and blood samples were collected for pharmacokinetic analyses. 
Timepoints were before dosing (directly before ingestion of palbociclib) 
and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 24 hours post dosing (just before 
ingestion of a new palbociclib dose). At each timepoint, a blood sample 
was collected in a 3-mL K2 EDTA tube and centrifuged directly after 
collection (1,500 g, 5 minutes, 4°C). Plasma was stored at −20◦C until 
analysis. Plasma palbociclib concentrations were quantified using a val-
idated liquid chromatography–tandem mass spectrometry method.18 
This method was validated according to the EMA and FDA guidelines 
on bioanalytical method validation over a linear range of 50–1,000 ng/
mL.19,20

Study end point
The primary objective of this trial was to study the effect of the moderate 
CYP3A4 inhibitor erythromycin on the pharmacokinetics of palboci-
clib, measured as AUC0–24h, Cmax, and minimum plasma concentration 
(Cmin). As a secondary objective, the incidence and severity of adverse 
events (AEs) with and without erythromycin was compared, according 
to Common Terminology Criteria for Adverse Events (CTCAE), version 
5.0.21

Safety assessments
Patients were instructed to use a diary to keep track of AEs. Recording of 
AEs, vital signs, and hematology and blood chemistry assessments were 
performed at Day 7 and Day 21 of the study. The incidence, severity, and 
start and end dates of all AEs were recorded and graded according to the 
CTCAE version 5.0.

Statistics
For the sample size calculation, it was assumed that concomitant admin-
istration with erythromycin would result in a 40% increase in palbociclib 
exposure, based on previous simulations. By assuming an intraindivid-
ual standard deviation of the difference of 50% between the two dos-
ing schedules, 11 evaluable patients had to be included to obtain 80% 

power (one-sided α = 0.05) to detect an increase of ≥40% in exposure. 
Pharmacokinetic parameters were calculated using noncompartmen-
tal analysis. AUC0–24h was calculated using the linear/log trapezoidal 
method. Cmax was defined as the highest measured concentration. Cmin 
was defined as the mean value of the pre-dose and 24  hours post-dose 
concentration. AUC0–24h, Cmax, and Cmin of palbociclib monother-
apy and combined with erythromycin were compared using one-sided 
Wilcoxon signed rank tests because of the small sample size. The relative 
difference was calculated by dividing the value for the treatment with 
palbociclib plus erythromycin by the value for palbociclib monother-
apy. Statistical analyses were performed using R version 3.6.3 (R Project, 
Vienna, Austria), and the geometric mean and confidence intervals were 
calculated using the Gmean function in the DescTools package.22

Ethics approval and consent to participate
The study was approved by the Medical Ethics Committee of The 
Netherlands Cancer Institute, Amsterdam. Participating centers were 
The Netherlands Cancer Institute and the Erasmus Medical Center 
(MC) Cancer Institute. Local approval was obtained in each participat-
ing center. The study was conducted in compliance with Good Clinical 
Practice and the Declaration of Helsinki. All patients provided written 
informed consent prior to inclusion in the trial. This study was regis-
tered in the Netherlands Trial Register (www.trial​regis​ter.nl, NL7549) 
and the EudraCT database (2018-004032-29). The full trial protocol 
can be accessed upon reasonable request by contacting the corresponding 
author.

RESULTS
Patient characteristics
Twelve female patients were enrolled in the study from April 2019 
until May 2021. One patient withdrew informed consent before 
pharmacokinetic (PK) sampling at the second dosing schedule, 
and was excluded. Baseline characteristics of the evaluable patients 
are provided in Table 1. Median age was 59 years, and the median 

Table 1  Baseline characteristics (n = 11)

Characteristic n (%) or median (range)

Gender, female 11 (100%)

Age (years) 59 (36–79)

Tumor type

Breast cancer 11 (100%)

Combination therapy

Fulvestrant 9 (82%)

Anastrozole 1 (9%)

Letrozole 1 (9%)

WHO performance status

0 8 (73%)

1 3 (27%)

Previous lines of systemic treatment 
in metastatic setting (number)

1 (0–6)

Previous systemic treatment

Chemotherapy 11 (100%)

Antihormonal therapy 11 (100%)

Time on palbociclib at study 
inclusion (months)

10.1 (1.2–22.8)

WHO, World Health Organization.
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time on palbociclib treatment before enrollment in the study was 
10.1 months.

Pharmacokinetics
Palbociclib exposure was higher, for all but one patient, when ad-
ministered concomitantly with erythromycin (Figure 2, Figure 3, 
and Table 2) (no differences were observed between arms). For pal-
bociclib monotherapy, geometric mean AUC0–24h, Cmax, and Cmin 
were 1.46 × 103 ng•h/mL (coefficient of variation (CV) 45.0%), 
80.5  ng/mL (CV 48.5%), and 48.4  ng/mL (CV 38.8%), respec-
tively. When palbociclib was administered in combination with 
erythromycin, this resulted in an increase in AUC0–24h, Cmax, and 
Cmin to 2.09 × 103 ng•h/mL (CV 49.3%, P = 0.000977), 115 ng/
mL (CV 53.7%, P  =  0.00562), and 70.7  ng/mL (CV 47.5%, 

P = 0.000488), respectively. Geometric mean ratios (90% confi-
dence intervals) of AUC0–24h, Cmax, and Cmin for palbociclib plus 
erythromycin vs. palbociclib monotherapy were 1.43 (1.24–1.66), 
1.43 (1.20–1.69), and 1.46 (1.30–1.63), respectively. The elimina-
tion half-life of palbociclib was 29.8  hours (CV 42.0%) for pal-
bociclib monotherapy, compared with 42.6 hours (CV 39.4%) for 
palbociclib plus erythromycin (P = 0.00928).

Treatment-related adverse events
An overview of all treatment-related AEs is provided in Table 3. 
Nine patients experienced one or more treatment-related AEs. No 
patients discontinued treatment and none required a dose reduc-
tion. Only one grade 3 toxicity (neutropenia) occurred during the 
treatment with palbociclib plus erythromycin.

Figure 2  Palbociclib plasma concentration-time curves of palbociclib monotherapy or combined with the moderate CYP3A4 inhibitor 
erythromycin. Data are represented as geometric mean + 90% confidence interval. CYP3A4, cytochrome P450 enzyme 3A4.

Figure 3  Plots of palbociclib AUC0–24h, Cmax and Cmin, for palbociclib monotherapy and combined with the moderate CYP3A4 inhibitor 
erythromycin for each individual patient. Wilcoxon signed rank tests were performed to calculate P values (printed above the brackets). 
AUC0–24h was calculated using the linear/log trapezoidal method. Cmax was defined as the highest measured concentration for each 
dosing schedule. Cmin was defined as the median value of the pre-dose and 24 hours post-dose sample. AUC0–24h, area under the plasma 
concentration-time curve from 0 to 24 hours, Cmax, maximum plasma concentration, Cmin, minimum plasma concentration; CYP3A4, 
cytochrome P450 enzyme 3A4.
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DISCUSSION
Here, we reported the results of a prospective randomized cross-
over study assessing the effects of the moderate CYP3A4 in-
hibitor erythromycin on the pharmacokinetics of palbociclib. 
Concomitant administration resulted in a significantly higher 
palbociclib exposure, with increases in AUC0–24h, Cmax, and Cmin 
of 43%, 43%, and 46%, respectively, which is of clinical relevance. 
Minor differences in adverse events were observed, and only one 
grade 3 toxicity was observed, in this short period of time.

The observed effect size in the current study was in line with 
previous simulations for AUC0–24h, but substantially larger for 
Cmax, as earlier simulations with diltiazem and verapamil predicted 
an increase of ± 40% in AUC and ± 23% in Cmax.23 Notably, the ef-
fect on Cmax as found in our study is even higher than the effect on 
Cmax of the strong CYP3A4 inhibitor itraconazole (i.e., 34%).1,6 
Although no full explanation could be found for this discrepancy 
in effect size, this may partly be explained by the applied sampling 
schedule in the drug–drug interaction study with itraconazole (i.e., 
2, 4, 6, 8, 12 hours post dose, instead of each hour up to 12 hours 
post dose in the current study, which may have missed the true 
Cmax).1,6

The fact that a similar increase in AUC0–24h, Cmax, and Cmin was 
observed (Table  2) suggests that the effect of erythromycin is—
for an important part—determined by an increased bioavailabil-
ity (i.e., via inhibition of intestinal CYP3A4). Yet, the elimination 
half-life was also significantly longer for palbociclib plus eryth-
romycin compared with palbociclib monotherapy, which means 
that a lower clearance (i.e., via inhibition of hepatic CYP3A4) 
plays a role as well. The prolonged half-life of palbociclib when 
it is combined with erythromycin may imply that the washout 
period was shorter than five times the half-life. Still, the washout 
period was at least four times the half-life, which allowed for 94% 
of new steady-state. Most importantly, no difference in palbociclib 
PK when given as monotherapy was observed between treatment 
arms, and therefore, it could be concluded that the washout period 
was sufficient. Apart from being a moderate CYP3A4 inhibitor, 
erythromycin also inhibits P-glycoprotein (P-gp).24 Theoretically, 
inhibition of P-gp could also explain the observed increase in bio-
availability, as palbociclib is a substrate of P-gp.25,26 However, a 
previous study in mice demonstrated that P-gp mainly restricted 
the brain penetration of palbociclib, whereas its oral bioavailability 

was only marginally affected.26 Therefore, we expect the effect of 
P-gp inhibition on the palbociclib plasma concentrations in the 
current study to be minimal.

An important advantage of the drug–drug interaction study de-
scribed here is that it was performed in the target population of (fe-
male) breast cancer patients. In the pivotal drug–drug interaction 
study with the strong CYP3A4 inhibitor itraconazole, only male 
healthy volunteers were included.7 The subsequently performed 
PBPK simulations to predict the effect of moderate CYP3A4 in-
hibitors were based on the results found in the male subjects. To 
exclude the possibility of a gender effect, e.g., on CYP3A4 enzyme 
activity, this study was conducted in female patients, which are the 
patients using palbociclib in clinical practice.

Because of pharmacogenetic differences, the exposure to pal-
bociclib could be different between patients. For CYP3A4 the 
polymorphism CYP3A4*22 has been described by Wang et al.27 
In liver samples with a CYP3A4*22 polymorphism ~ 15% of total 
CYP3A4 was nonfunctional, compared with 6% in wild-type liver 
samples. Because, in case of this polymorphism, still the majority of 
CYP3A4 will be functional, the genotype will have little effect on 
the extent of drug inhibition. Therefore, a meaningful comparison 
could be made between palbociclib monotherapy and palbociclib 
plus erythromycin combination therapy, without the need of prior 
pharmacogenetic analyses.

Neutropenia is the most common adverse event during palboci-
clib treatment. Higher palbociclib exposure has been related to an 
increased risk of neutropenia in previous studies.8,9 It is, therefore, 
logical to assume that concomitant administration of palbociclib 
and moderate CYP3A4 inhibitors will result in a higher incidence 
of neutropenia, depending on dose and duration of concomitant 
administration of the inhibitor. The secondary outcome of the 
current study was to compare toxicities between the two dosing 
schedules (i.e., palbociclib monotherapy and palbociclib plus 
erythromycin). However, neutropenia is a cumulative toxicity that 
is most pronounced at the end of each palbociclib cycle. Therefore, 
comparisons of neutropenia between Day 7 and Day 21 of a cycle 
are not meaningful. Instead, comparisons could be made with pre-
vious palbociclib cycles, in which no moderate CYP3A4 inhibitors 
were used. However, only one grade 3 neutropenia was observed in 
our study, probably as a result of the short duration of erythromy-
cin treatment of 7 days. The patient who experienced a grade 3 

Table 2  Pharmacokinetic parameters of palbociclib with and without the moderate CYP3A4 inhibitor erythromycin

PK parameter Palbociclib monotherapy Palbociclib + erythromycin
Geometric mean ratio 

(90% CI) P valuea

AUC0–24h (ng•h/mL)b 1.46 × 103 (45.0%) 2.09 × 103 (49.3%) 1.43 (1.24–1.66) 0.000977

Cmax (ng/mL)c 80.5 (48.5%) 115 (53.7%) 1.43 (1.20–1.69) 0.00562

Cmin (ng/mL)d 48.4 (38.8%) 70.7 (47.5%) 1.46 (1.30–1.63) 0.000488

t1/2 (h) 29.8 (42.0%) 42.6 (39.4%) 1.43 (1.14–1.79) 0.00928

Pharmacokinetic parameters are expressed as geometric mean (CV%).
Administered doses were 125 mg q.d. for palbociclib and 500 mg t.i.d. for erythromycin.
AUC0–24h, area under the plasma concentration-time curve from time zero to 24 hours; CI, confidence interval; Cmax, maximum plasma concentration; Cmin, 
minimum plasma concentration; CV, coefficient of variation; CYP3A4, cytochrome P450 enzyme 3A4; PK, pharmacokinetic; q.d., once daily; t.i.d., three times 
daily; t1/2, elimination half-life.
aWilcoxon signed rank tests were performed to calculate P values. bAUC0–24h was calculated using the linear/log trapezoidal method. cCmax was defined as the 
highest measured concentration for each dosing schedule. dCmin was defined as the median value of the pre-dose and 24 hours post-dose sample.
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neutropenia at the end of the studied period had a grade 2 neutro-
penia at the end of her previous treatment cycles. Because of the 
short duration of concomitant use of a moderate CYP3A4 inhib-
itor, a meaningful comparison of toxicity could not be performed. 
However, as these patients had no indication to use a moderate 
CYP3A4 inhibitor, it was considered unethical to prescribe these 
drugs longer than necessary to reach steady-state concentrations. 
Since an exposure–toxicity relationship for palbociclib has already 
been described, the comparison between palbociclib monotherapy 
and palbociclib plus erythromycin based on PK was considered 
sufficient to give a dose recommendation for the interaction.

As palbociclib exposure increased by more than 40% when 
administered concomitantly with erythromycin, and palbociclib 
pharmacokinetics change in a dose-proportional manner,1,3 it is 
rational to reduce the palbociclib dose by 40%, i.e., to 75 mg q.d., 
in case of concomitant administration with moderate CYP3A4 in-
hibitors, without fear for underdosing. For patients who already 
received prior dose reductions, e.g., due to toxicity, it could be con-
sidered to reduce the dose even further by switching to an every-
other-day dosing schedule (as no smaller capsule size than 75 mg 
is currently available). Adjusting the dosing schedule to 5  days 
on/2 days off every 7 days with no weeks off therapy might also 
be possible, since it has been described that this alternative sched-
ule leads to a better tolerability.28 For strong CYP3A4 inhibitors, 
a dose reduction to 75  mg q.d. was recommended as well, while 

AUC0–∞ was increased by 87% in that case.1,3,6 However, first of 
all that combination should be avoided according to the drug label. 
Secondly, 75 mg capsules are the lowest dose currently available in 
the market.

Next to palbociclib, there are other cyclin-dependent kinases 4 
and 6 (CDK4/6) inhibitors available for the treatment of breast 
cancer.2,29–32 However, these CDK4/6 inhibitors are also sub-
strates of CYP3A4.29,30 Combination with a strong CYP3A4 in-
hibitor increased the AUC of palbociclib by 1.9-fold, compared 
with an increase of 3.2-fold for ribociclib, and 1.7-fold to 2.5-fold 
for abemaciclib plus active metabolites (potency adjusted).1,29–32 
Complicating factors are the autoinhibition of CYP3A4 by riboci-
clib, and the metabolism of abemaciclib to active metabolites.29–32 
Since the effect of CYP3A4 inhibition on ribociclib is much larger 
than on palbociclib, the use of palbociclib is preferred if concomi-
tant administration with a CYP3A4 inhibitor is necessary.1,30 The 
effect of CYP3A4 inhibition on abemaciclib exposure seems com-
parable to the effect on palbociclib, but the effect of a moderate in-
hibitor on palbociclib is now studied in a clinical trial. Therefore, 
we recommend using palbociclib if concomitant administration 
with a CYP3A4 inhibitor is necessary.

To conclude, concomitant intake of palbociclib and the mod-
erate CYP3A4 inhibitor erythromycin results in an increase in 
AUC0–24h and Cmax of palbociclib of both 43%, which is clinically 
relevant. Therefore, in case of concomitant use of palbociclib and 

Table 3  Treatment-related AEs according to CTCAE v5.0

Adverse event

Palbociclib monotherapy Palbociclib plus erythromycin

Any grade (n) Grade ≥ 3 (n) Any grade (n) Grade ≥ 3 (n)

All patients

Diarrhea 0 0 4 0

Nausea 0 0 2 0

Vomiting 0 0 1 0

Neutropenia 3 0 2 1

Total number of patients 
experiencing AEs

4 0 7 1

Patients in Arm A

Diarrhea 0 0 3 0

Nausea 0 0 1 0

Vomiting 0 0 0 0

Neutropenia 3 0 0 0

Total number of patients 
experiencing AEs

3 0 3a 0

Patients in Arm B

Diarrhea 0 0 1 0

Nausea 0 0 1 0

Vomiting 0 0 1 0

Neutropenia 0 0 2 1

Total number of patients 
experiencing AEs

1 0 4b 1

AEs, adverse events; CTCAE, Common Terminology Criteria for Adverse Events; Arm A started with palbociclib combined with erythromycin; Arm B started with 
palbociclib monotherapy.
aOne patient experiencing both diarrhea and nausea; therefore total number of patients is lower than number of adverse events. bOne patient experiencing both 
diarrhea and neutropenia; therefore total number of patients is lower than number of adverse events.
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moderate CYP3A4 inhibitors, it is rational to reduce the palbo-
ciclib dose to 75  mg q.d., without fear of underexposure. This 
is especially relevant for the 30% to 40% of patients who need a 
dose reduction of palbociclib during regular treatment due to tox-
icity.4,5,10 It should be considered to update the drug label of pal-
bociclib to include these findings and recommendations, and add 
moderate CYP3A4 inhibitors to the list of potentially interacting 
drugs for CDK4/6 inhibitors.
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