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Abstract

Dabrafenib is an oral BRAF kinase inhibitor approved for the treatment of various BRAF V600 mutation–positive solid
tumors. In vitro observations suggesting cytochrome P450 (CYP) 3A induction and organic anion transporting polypep-
tide (OATP) inhibition prompted us to evaluate the effect of dabrafenib 150 mg twice daily on the pharmacokinetics of
midazolam 3 mg (CYP3A substrate) and rosuvastatin 10 mg (OATP1B1/1B3 substrate) in a clinical phase 1, open-label,
fixed-sequence study in patients with BRAF V600 mutation–positive tumors. Repeat dabrafenib dosing resulted in a 2.56-
fold increase in rosuvastatin maximum observed concentration (Cmax), an earlier time to Cmax, but only a 7% increase
in area under the concentration-time curve from time 0 (predose) extrapolated to infinite time. Midazolam Cmax and
AUC extrapolated to infinite time decreased by 47% and 65%, respectively, with little effect on time to Cmax. No new
safety findings were reported. Exposure of drugs that are CYP3A4 substrates is likely to decrease when coadministered
with dabrafenib. Concentrations of medicinal products that are sensitive OATP1B1/1B3 substrates may increase during
the absorption phase.
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Dabrafenib is a potent and selective inhibitor of
BRAF kinase (a member of the RAF kinases), with
a mechanism of action consistent with adenosine
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triphosphate–competitive inhibition. Dabrafenib has
been approved as monotherapy for patients with BRAF
V600 mutation–positive unresectable or metastatic
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melanoma in the United States, Australia, European
Union, Canada, and several other countries. It is also
approved in combinationwith theMEK inhibitor tram-
etinib for patients with BRAF V600 mutation–positive
unresectable or metastatic melanoma, as adjuvant
treatment following melanoma resection, metastatic
non–small cell lung cancer, and locally advanced or
metastatic anaplastic thyroid cancer. The recommended
starting dose for dabrafenib as a single agent and in
combination with trametinib is 150 mg twice daily.

Following a single oral dose of dabrafenib, plasma
concentrations peak approximately 2 hours after
dosing followed by a biexponential decline, with
oral bioavailability near complete (94.5%) relative to
an intravenous microdose and a median terminal-
phase half-life (t1/2) of ≈8 hours.1,2 Dabrafenib is
sequentially metabolized to hydroxy-, carboxy-, and
desmethyl-dabrafenib. Dabrafenib metabolism is me-
diated by cytochrome P450 (CYP) 2C8 and CYP3A4,
whereas both its metabolites hydroxy-dabrafenib
and desmethyl-dabrafenib are CYP3A4 substrates.
Carboxy-dabrafenib is decarboxylated via a nonen-
zymatic process to form desmethyl-dabrafenib and
is excreted in the bile and urine.3,4 Following repeat-
dose administration of dabrafenib 150 mg twice daily,
there is a decrease in exposure, likely due to induction
of dabrafenib’s own metabolism, and steady state is
reached by day 15. Carboxy- and desmethyl-dabrafenib
accumulate with repeat dosing. Hydroxy-dabrafenib
terminal half-life parallels that of parent with a half-
life of 9.7 hours, whereas the carboxy- and desmethyl-
metabolites exhibit longer half-lives (21-22 hours).5,6

In vitro, dabrafenib is known to induce CYP3A4 and
has been shown to be an inhibitor of the organic anion
transporting polypeptide (OATP) 1B1/1B3; however, its
effect after single or repeat dosing on an OATP1B1/1B3
substrate is unknown.4,7,8 In vivo, dabrafenib in-
duces CYP3A4- and CYP2C9-mediated metabolism.
In an early clinical study involving 12 patients given
single-dose midazolam, a CYP3A substrate, maxi-
mum observed concentration (Cmax) and area under
the concentration-time curve (AUC) were decreased
by 61% and 74%, respectively, with coadministration
of repeat-dose dabrafenib 150 mg twice daily using
gelatin capsules. In a separate trial involving 14 patients,
repeat-dose dabrafenib (hydroxypropyl methylcellulose
[HPMC] capsules) decreased the single-dose AUC of S-
warfarin (a substrate for CYP2C9) and of R-warfarin
(a substrate for CYP3A4/CYP1A2) by 37% and 33%,
respectively, with a small increase in Cmax (18%-19%).6

Drugs in the statin class are the recommended sub-
strates for evaluating potential inhibitors and inducers
of OATP1B1/1B3. The involvement of CYP in statin
metabolism varies, with a less significant role in rosuvas-
tatin metabolism. Thus, rosuvastatin was selected as the

OATP1B1/1B3 substrate for this study, while midazo-
lam was selected because it is the preferred substrate to
evaluate potential inhibitors and inducers of CYP3A4
catabolic activity.9–11

Previously, dabrafenib gelatin capsules were used to
evaluate the effect of dabrafenib on midazolam phar-
macokinetics (PK); however, in the current study, we
used the marketed formulation of HPMC capsules.

The purpose of this study was to evaluate the effects
of the approved dose of dabrafenib (150mg twice daily)
on the single-dose PK of rosuvastatin and midazolam
during the initiation of dabrafenib dosing and at steady
state in patients with advanced BRAF V600 mutation–
positive tumors.

Methods
Study Design
This study was conducted at 3 sites in Spain (Hospital
Universitario Fundación Jiménez Díaz, Hospital Gen-
eral Universitario Vall d’Hebron, and Hospital Univer-
sitario Madrid Sanchinarro) between March 3, 2015,
and August 1, 2016. The study protocol was reviewed
and approved by the independent ethics committee or
institutional review board at Fundación Jiménez Díaz
(Madrid, Spain) for all sites. A signed, written informed
consent formwas obtained from each patient before any
study-specific procedures or assessments. This study
was conducted in accordance with the International
Conference on Harmonisation Good Clinical Practice
guidelines, patient privacy requirements, ethical princi-
ples outlined in the Declaration of Helsinki, and appli-
cable local regulations.

This was an open-label, multicenter, fixed-sequence
study conducted in patients with BRAF V600
mutation–positive tumors (NCT02082665). Rosuvas-
tatin (10 mg) and midazolam (3 mg) were administered
as a mini-cocktail, allowing for 2 evaluations at the
same time. The study consisted of 3 periods (Figure 1).
During period 1 (day 1), patients received simultaneous
doses of rosuvastatin 10 mg and midazolam 3 mg.
During period 2 (day 8), patients received simultaneous
doses of dabrafenib 150 mg twice daily, rosuvastatin
10 mg, and midazolam 3 mg (on the same day, patients
were reminded to take the second dose of dabrafenib
in the evening ≈12 hours after the morning dose).
On days 8 to 23, patients continued to self-administer
dabrafenib 150 mg twice daily. During period 3 (day
22), patients received concurrent doses of dabrafenib
150 mg twice daily, rosuvastatin 10 mg, and midazolam
3 mg. On day 23, patients took the final morning
dose of dabrafenib. Doses were administered after
an overnight fast (at least 8 hours), and a meal was
provided 4 hours after dosing. Patients received study
treatment through day 23, unless disease progression,
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Figure 1. Study design. PK, pharmacokinetic.

death, or unacceptable toxicity occurred. No efficacy
assessments were performed.

Patients
Male or female patients aged between 18 and 65 years
with a BRAF V600 mutation–positive tumor and an
Eastern Cooperative Oncology Group performance
status (ECOG PS) of ≤1 at screening were eligible
to be enrolled. Patients were required to have a body
weight of at least 45 kg, body mass index of ≥19 and
<40 kg/m2, and adequate organ function.

Pharmacokinetic Assessments
Serial blood samples for PKanalysis were collected over
32 and 24 hours for rosuvastatin and midazolam anal-
ysis, respectively, on days 1 to 2, 8 to 9, and 22 to 23.
For rosuvastatin and midazolam analyses, the collec-
tion time points were before dosing and at 0.25, 0.5, 1,
1.5, 2, 3, 4, 5, 6, 8, 10, and 24 hours after dosing; ad-
ditionally, samples for rosuvastatin analysis were col-
lected at 26, 28, and 32 hours after dosing. Sparse PK
samples were also collected before dosing and at 1, 2, 8,
and 24 hours after dosing on days 8 to 9 and 22 to 23
for dabrafenib and metabolite analyses.

Analytical Methods
Dabrafenib (and metabolites) were measured using a
validated liquid chromatography with tandem mass
spectrometry (LC-MS/MS) method, with an analytical
range of 1 to 1000 ng/mL.3

Rosuvastatin was extracted from human plasma
by liquid-liquid extraction using ethyl-acetate after

the addition of methanol/water (50:50, v/v) contain-
ing [2H4

13C]-rosuvastatin as internal standards, and
of a solution of 1% (v/v) formic acid in water. After
evaporation, the residue was reconstituted with ace-
tonitrile/water (50:50, v/v). Extracts were then ana-
lyzed by LC-MS/MS using a TurboIonSpray interface
(Sciex, Framingham, Massachusetts) with positive ion
multiple-reaction monitoring. Them/z transitions were
482/258 for rosuvastatin and 487/263 for internal stan-
dard. Chromatographic separation was achieved using
an Acquity ultra-performance liquid chromatography
HSS T3 1.8 μM (50 × 2.1 mm) column (Waters Corpo-
ration, Milford, Massachusetts), with an isocratic elu-
tion (water containing 0.1% v/v formic acid-acetonitrile
57:43) and flow rate of 0.6 mL/min. This method was
validated over the range of 0.2 to 30 ng/mL, and
the lower limit of quantification was 0.2 ng/mL using
150 μL of human plasma. The precision (coefficient of
variation) within and between runs was ≤11.8% and
≤2.4%, respectively.

Midazolam was extracted from human plasma by
protein precipitation using acetonitrile containing
[2H4]-midazolam as an internal standard. Extracts
were analyzed by LC-MS/MS using a TurboIonSpray
interface with positive ion multiple-reaction monitor-
ing. The m/z transitions were 326/291 for midazolam
and 330/295 for internal standard. Chromatographic
separation was achieved using a Waters Acquity
ultra-performance liquid chromatography HSS T3
1.8 μM (50 × 2.1 mm) column, with an isocratic
elution (water containing 10 mM of ammonium
acetate-acetonitrile 52:48) and flow rate of 0.6 mL/min.
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This method was validated over the range of 0.1 to
100 ng/mL, and the lower limit of quantification was
0.1 ng/mL using 50 μL of human plasma. The preci-
sion (coefficient of variation) within and between runs
was ≤4.8% and ≤4.3%, respectively.

Pharmacokinetic and Statistical Analysis
PK parameters—Cmax, time to Cmax (tmax), AUC from
time 0 to time t, AUC from time 0 (predose) extrap-
olated to infinite time (AUC0-∞), and t1/2—for mida-
zolam and rosuvastatin were calculated by standard
noncompartmental analysis with Phoenix WinNonLin
Pro version 6.4 (Certara, Princeton, New Jersey). All
calculations were based on actual sampling times.

For the primary comparison of rosuvastatin and
midazolam PK with dabrafenib (test; day 8 [initial
dosing] or day 22 [steady state]) versus rosuvastatin
and midazolam PK without dabrafenib (reference;
day 1), log-transformed Cmax and AUC0-∞ of rosuvas-
tatin or midazolam were analyzed separately using a
mixed-effects model, with treatment as a fixed effect
and patient as a random effect. Point estimates and
90% confidence intervals (CIs) were constructed for
the difference between the test and reference. The
point estimates and associated 90%CIs were then back-
transformed to provide point estimates and 90%CIs for
the geometric mean ratio (test/reference). For tmax, a
nonparametricmethodwas used to estimate themedian
difference and associated 90%CI between the test and
reference.

Safety
Safety assessments included physical examinations, vi-
tal signs (blood pressure, temperature, and pulse rate),
12-lead electrocardiograms, clinical laboratory tests
(hematology and clinical chemistry), andmonitoring of
adverse events (AEs). AEs and relevant hematology and
clinical chemistry data were graded by the investigator
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.03.

Results
Patient Characteristics
Sixteen patients were enrolled, and the same treatment
sequence (Figure 1) of dabrafenib, rosuvastatin, and
midazolam administration was followed for all patients.
All patients had advanced disease, with colorectal can-
cer (19%), thyroid cancer (19%), non–small cell lung
cancer (13%), and melanoma (13%) being the most
common tumor types. Chemotherapy (63%) and bio-
logic therapy (25%) were the most common prior an-
ticancer therapies. Of the 16 patients, 12 (75%) had an
ECOG PS of 0 at baseline, and 4 (25%) had an ECOG
PS of 1 or 2 (Table 1).

Table 1. Patient Demographics and Disease Characteristics

Characteristic (N = 16)

Age, y 49.5 (29–64)
Sex, n (%)
Female 13 (81)
Male 3 (19)

Height, cm 164.5 (147–175)
Weight, kg 66.2 (52–93)
BMI, kg/m2 24.7 (20–30)
Race, n (%)
White/Caucasian/European 14 (88)
Black/African 1 (6)
Asian—Central/South Asian 1 (6)

Primary tumor type, n (%)
Colon/rectum cancer 3 (19)
Thyroid cancer 3 (19)
Melanoma 2 (13)
NSCLC 2 (13)
Breast cancer 1 (6)
HCL 1 (6)
LCH 1 (6)
Liver cancer 1 (6)
Lung adenocarcinoma 1 (6)
SCLC 1 (6)

Stage at screening, n (%)
I 2 (13)
IV 13 (81)
Missing 1 (6)

Prior anticancer therapy, n (%)
Any therapy 11 (69)
Chemotherapy 10 (63)
Biologic therapy 4 (25)
Hormonal therapy 2 (13)
Immunotherapy 2 (13)
Small-molecule targeted therapy 1 (6)

Time since diagnosis, days 467.5 (21–7226)

BMI, body mass index; HCL, hairy cell leukemia; LCH, Langerhans cell
histiocytosis; NSCLC, non–small cell lung cancer; SCLC, small cell lung
cancer.
Continuous data are presented as median (range).

All 16 patients received study treatments as sched-
uled, with the following exceptions: 1 patient experi-
enced a serious adverse event (SAE) on day 22 and
missed the last 2 scheduled 150-mg dabrafenib doses
(300 mg total); 1 patient skipped the last dose of
midazolam on day 22 because of an SAE related
to midazolam on day 8; and 2 patients took an ex-
tra unscheduled 150-mg dabrafenib dose on days 23
and 24.

Pharmacokinetics
Effect of Dabrafenib on Rosuvastatin. PK parameters

for rosuvastatin were calculated for days 1, 8, and
22 and are summarized descriptively (Table 2). The
mean plasma rosuvastatin concentration-time profiles
after administration of rosuvastatin alone and with
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Table 2. Summary of Derived Plasma PK Parameters for Rosuvastatin and Midazolam

Study Period/PK Day
Treatment

a
AUC0-∞,
ng • h/mL

AUC0-t,
ng • h/mL

Cmax,
(ng/mL) tmax, h t1/2, h

Rosuvastatin
Period 1/PK day 1
Treatment A (N = 16)

n 15 16 16 16 16

Geo-mean (CV%) 58.5 (47) 51.5 (48) 5.1 (53) 4.0 (1.5-6)
b

9.6 (35)
Mean 64.1 56.6 5.7 … 10.2
(SD) (28.1) (25.7) (2.9) … (3.7)

Period 2/PK day 8
Treatment B (N = 16)

n 15 16 16 16 16

Geo-mean (CV%) 71.1 (51) 62.4 (55) 9.8 (63) 3.0 (0.5-4)
b

9 (26)
Mean 79.1 70.7 11.4 … 9.3
(SD) (37.9) (36.5) (6.4) … (2.4)

Period 3/PK day 22
Treatment C (N = 16)

n 14 16 16 16 14

Geo-mean (CV%) 59.6 (65) 62.4 (74) 13 (83) 1.5 (1-4)
b

8.2 (49)
Mean 68.3 74.9 16.2 … 9.2
(SD) (32.6) (46.0) (10.3) … (4.9)

Midazolam
Period 1/PK day 1
Treatment A (N = 16)

n 16 16 16 16 16

Geo-mean (CV%) 58.9 (64) 56.2 (65) 28.4 (45) 0.5 (0.25-0.58)
b

4.4 (45)
Mean 70.1 66.8 30.9 … 4.8
(SD) (49.5) (46.3) (13.0) … (1.9)

Period 2/PK day 8
Treatment B (N = 16)

n 15 16 16 16 16

Geo-mean (CV%) 61.7 (54) 54.9 (62) 28.1 (54) 0.25 (0-1)
b

4.9 (64)
Mean 69.5 63.6 31.5 … 6.3
(SD) (37.2) (37.1) (15.0) … (6.9)

Period 3/PK day 22
Treatment C (N = 16)

n 15 15 15 15 15

Geo-mean (CV%) 20.3 (64) 19.4 (65) 15.1 (72) 0.25 (0.25-0.5)
b

2.9 (63)
Mean 23.6 22.7 18.3 … 3.5
(SD) (13.4) (13.3) (12.6) … (2.4)

AUC,area under the concentration-time curve;AUC0-∞,AUC from time 0 (predose) extrapolated to infinite time;AUC0-t,AUC from time 0 to time t
(last measurable concentration);Cmax,maximum observed concentration;CV,coefficient of variation;geo-mean,geometric mean;PK,pharmacokinetics;
SD, standard deviation; t1/2, terminal phase half-life; tmax, time to Cmax.a
Treatments A, B, and C were as follows:
(A) Single doses of rosuvastatin 10 mg + midazolam 3 mg on PK day 1.
(B) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib 150 mg twice daily at initial dosing on PK day 8.
(C) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib 150 mg twice daily at steady state on PK day 22.
b
Median (minimum-maximum) is presented.

dabrafenib are displayed in Figure 2. An increase of
94% and 22% was observed in the single-dose rosuvas-
tatin Cmax and AUC0-∞, respectively, with dabrafenib
at the initiation of dosing. Repeat dabrafenib dosing
resulted in a 2.56-fold increase in rosuvastatin Cmax

but only a 7% increase in AUC0-∞. The administra-
tion of rosuvastatin with dabrafenib at the initiation of
dabrafenib treatment resulted in an earlier tmax for ro-
suvastatin; this effect was more pronounced when ro-
suvastatin was administered with dabrafenib at steady
state (Table 3).
Effect of Dabrafenib on Midazolam. PK parameters for

midazolamwere calculated for days 1, 8, and 22 and are

summarized descriptively in Table 2. The mean plasma
midazolam concentration-time profiles after admin-
istration of midazolam alone and with dabrafenib
are displayed in Figure 3. Initial administration of
dabrafenib with a single dose of midazolam resulted
in no change in midazolam AUC0-∞ and 1% decrease
in midazolam Cmax relative to midazolam alone. Re-
peat dabrafenib dosing decreased midazolam Cmax and
AUC0-∞ by 47%and 65%, respectively.No effect on tmax

was observed (Table 4).
Dabrafenib and Metabolite Concentrations. Dabrafenib

andmetabolite concentrations were consistent with his-
torical data (data not shown).
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Figure 2. Mean rosuvastatin concentration-time profiles after administration of rosuvastatin alone (PK day 1), coadministration with
dabrafenib at initiation of dosing (PK day 8), and after repeat-dose administration of dabrafenib at steady state (PK day 22). PK,
pharmacokinetic.

Table 3. Statistical Analysis Results of the Effect of Dabrafenib
(Initial Dosing or Steady State) on Rosuvastatin PK Parameters

PK Parameter
a

Treatment
Comparison

b
Ratio or Difference

(90%CI)

AUC0-∞, ng • h/mL B:A 1.22 (1.07 to 1.38)
C:A 1.07 (0.93 to 1.22)

Cmax, ng/mL B:A 1.94 (1.65 to 2.27)
C:A 2.56 (2.18 to 3.01)

tmax, h B−A −1.04 (−1.94 to
−0.49)

C−A −2.25 (−2.79 to
−1.5)

AUC, area under the concentration-time curve; AUC0-∞, AUC from
time 0 (predose) extrapolated to infinite time; CI, confidence inter-
val; Cmax,maximum observed concentration; PK, pharmacokinetics; tmax,
time to Cmax.a
Ratio of Cmax and AUC is the geometric least squares mean of test
versus reference (90%CI); ratio of tmax is the median difference (90%CI).
b
Treatments A, B, and C were as follows:

(A) Single doses of rosuvastatin 10 mg + midazolam 3 mg on PK day 1.
(B) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib
150 mg twice daily at initial dosing on PK day 8.
(C) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib
150 mg twice daily at steady state on PK day 22.

Table 4. Statistical Analysis Results of the Effect of Dabrafenib
(Initial Dosing or Steady State) on Midazolam PK Parameters

PK Parameter
a

Treatment
Comparison

b
Ratio or Difference

(90%CI)

AUC0-∞, ng • h/mL B:A 1.00 (0.78 to 1.29)
C:A 0.35 (0.27 to 0.45)

Cmax, ng/mL B:A 0.99 (0.81 to 1.22)
C:A 0.53 (0.43 to 0.66)

tmax, h B−A −0.12 (−0.13 to 0)
C−A −0.13 (−0.25 to 0)

AUC, area under the concentration-time curve; AUC0-∞, AUC from
time 0 (predose) extrapolated to infinite time; CI, confidence inter-
val; Cmax,maximum observed concentration; PK, pharmacokinetics; tmax,
time to Cmax.a
Ratio of Cmax and AUC is the geometric least squares mean of test
versus reference (90%CI); ratio of tmax is the median difference (90%CI).
b
Treatments A, B, and C were as follows:

(A) Single doses of rosuvastatin 10 mg + midazolam 3 mg on PK day 1.
(B) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib
150 mg twice daily at initial dosing on PK day 8.
(C) Single doses of rosuvastatin 10 mg + midazolam 3 mg + dabrafenib
150 mg twice daily at steady state on PK day 22.
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Figure 3. Mean midazolam concentration-time profiles after administration of midazolam alone (PK day 1), coadministration with
dabrafenib at initiation of dosing (PK day 8), and after repeat-dose administration of dabrafenib at steady state (PK day 22). PK,
pharmacokinetic.

Safety and Tolerability
Twelve of the 16 patients (75%) experienced at least 1
AE. The percentage of patients who reported any AE
was lower during period 1 (31%) and increased with
subsequent treatment in periods 2 (38%) and 3 (63%).
The most common AEs reported in at least 2 patients
during the study were somnolence, pyrexia, headache,
fatigue, hyperkeratosis, nausea, and hypotension.

Most of the reported AEs were of grade ≤2. Four
AEs were of grade ≥3, which included grade 4 hy-
ponatremia, grade 4 presyncope, grade 3 decreased ap-
petite, and grade 3 fatigue. Two patients discontinued
dabrafenib treatment due to AEs; 1 patient had hy-
potension and pyrexia on day 22, while the other had
presyncope following the second dose of midazolam on
day 8. No deaths were reported during the study.

Hematology results reported as AEs included grade
2 anemia and grade 2 neutropenia, reported in 1 pa-
tient each.Anemiawas considered to be related to study
treatment, whereas neutropenia was considered unre-
lated to treatment. Clinical laboratory results reported
as AEs included grade 2 hypocalcemia and an SAE of
grade 4 hyponatremia, both reported in 1 patient; both
events were considered to be not related to study treat-
ment. No patients had liver signal events that suggested

drug-induced liver injury. No treatment-related electro-
cardiographic changes were observed in these patients.

Discussion
This study evaluated the effects of the approved oral
doses of dabrafenib (150 mg twice daily) on the
single-dose PK of rosuvastatin and midazolam during
initiation of dabrafenib dosing and at steady state in
patients with BRAF V600 mutation–positive tumors.
At the time this study was designed, not enough safety
data were available to be able to conduct the study in
healthy volunteers. Since the study was to be conducted
in patients with advanced cancer, a fixed-sequence
design was chosen, so that patients could receive the
potentially active treatment after 1 week (and remain
on treatment throughout the study and then continue
to the rollover study).

All 16 patients who were enrolled in the study re-
ceived the investigational product, completed the study,
and were included in the safety and PK analyses.
Dabrafenib and its metabolites hydroxy-dabrafenib,
carboxy-dabrafenib, and desmethyl-dabrafenib are in-
hibitors of OATP1B1 and OATP1B3 in vitro. In
vitro data also demonstrated that dabrafenib induces
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CYP3A4 and CYP2B6 via activation of the pregnane
X receptor and constitutive androstane receptor, which
also regulates OATP1B1/1B3 expression.12,13

Rosuvastatin is a known OATP1B1 substrate, 90%
of which is excreted unchanged in the feces and the
remaining through the CYP2C9 pathway. It is pos-
sible that repeat dosing of dabrafenib could induce
OATP1B1/1B3 expression, leading to reduced plasma
concentrations of rosuvastatin. In addition to being
an OATP1B1 substrate, rosuvastatin has been iden-
tified as a substrate of the breast cancer resistance
protein (BCRP).14,15 BCRP is an efflux transporter that
facilitates hepatobiliary excretion and decreases intesti-
nal absorption of BCRP substrates.16 Dabrafenib and
desmethyl-dabrafenib are inhibitors of BCRP in vitro.7

Concomitant administration of a single dose of ro-
suvastatin 10 mg with dabrafenib after the initiation
of dosing resulted in a 22% increase in rosuvastatin
AUC0-∞ and a 94% increase in rosuvastatin Cmax com-
pared with the administration of rosuvastatin alone.
The t1/2 was similar between the 2 treatment periods;
however, themedian tmax was earlier (3 vs 4 hours) when
administered with dabrafenib. The increased exposure
is in line with inhibition of hepatic uptake of rosuvas-
tatin through OATP inhibition.17

Gemfibrozil is an OATP1B1 inhibitor, and the in-
teraction between gemfibrozil and rosuvastatin in a
clinical study was similar to the interaction between
rosuvastatin and dabrafenib with regard to Cmax (2.21-
fold) but not AUC (1.9-fold).18 The interaction between
the combination of tipranavir/ritonavir 500 mg/200
mg twice daily for 11 days and rosuvastatin was more
similar to the interaction between dabrafenib and rosu-
vastatin; rosuvastatin Cmax was increased by 2-fold and
AUC only by 26%.16 Similar to dabrafenib, tipranavir
and ritonavir are BCRP inhibitors in vitro,19,20 and
ritonavir is an OATP1B1/1B3 inhibitor.21 The po-
tential mechanism of interaction observed in the
current study may be similar to that proposed with
tipranavir/ritonavir, which is dual inhibition of hepatic
OATP1B1/1B3 uptake and inhibition of BCRP, lead-
ing to decreased hepatobiliary excretion and increased
absorption.16

Clinical drug interaction studies with gemfibrozil
and other 3-hydroxy 3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors have shown increases
in the plasma concentration of other HMG-CoA re-
ductase inhibitors.22–26 However, this effect was ob-
served only to a very minor extent with atorvastatin,
where coadministration with gemfibrozil increased
plasma atorvastatin AUC0-∞ by 24%,27 and with flu-
vastatin, where coadministration with gemfibrozil did
not alter plasma fluvastatin PK.28 Dabrafenib is also
an inducer of CYP3A4 and may reduce the exposure
of many HMG-CoA reductase inhibitors that are me-

tabolized by CYP450 enzymes. Therefore, the net effect
of dabrafenib onOATP1B1/1B3 inhibition and enzyme
induction is unknown.

The same trend was observed for rosuvastatin
PK parameters after dabrafenib administration for
15 days; however, Cmax was further increased (2.6-fold
vs 1.9-fold) and the median tmax was earlier (1.5 versus
3 hours). For AUC, the 90%CI included 1 and was
within the bioequivalence range. It appears that after
repeat dabrafenib dosing, there is further inhibition in-
stead of induction. The lack of observed transporter in-
duction is consistent with data reported from a healthy
volunteer study that showed no significant alteration
in the PK parameters of rosuvastatin after 6 days of
rifampin (inducer) dosing.29 With repeat dabrafenib
dosing, both carboxy- and desmethyl-dabrafenib accu-
mulate, and both these metabolites have been shown
to also inhibit OATP1B1/1B3 in vitro. Desmethyl-
dabrafenib has also been shown to inhibit BCRP. The
further increase observed in rosuvastatin Cmax after
repeat-dose dabrafenib may be due to the increased
metabolite concentrations at steady state. The hypoth-
esis on the mechanism could be explored further by
applying an in silico approach such as physiologically
based PKmodeling. A physiologically based PKmodel
for dabrafenib has been published and verified30; in ad-
dition, a rosuvastatin compound library file is available
in the Simcyp Simulator software (Certara, Princeton,
New Jersey) that could be used for these follow-up
studies.

Midazolam is the preferred substrate for evaluating
potential inhibitors and inducers of CYP3A catabolic
activity. Concomitant administration of a single dose
of midazolam 3 mg with dabrafenib after the initiation
of dosing did not result in any significant changes in
exposure or t1/2. Dabrafenib did not appear to inhibit
CYP3A4-mediated metabolism after initiation of treat-
ment (1-2 days). Coadministration of dabrafenib 150
mg twice daily for 15 days and a single dose of mida-
zolam 3 mg decreased midazolam AUC by 65%. These
results were consistent with previously reported results
from the phase 1 dose-escalating study,31 wherein mi-
dazolam exposure was decreased by 74%. The previous
study used dabrafenib gelatin capsules, whereas the cur-
rent study used the marketed HPMC capsules, which
were shown to have a higher exposure (1.8-fold AUC
HPMC/gelatin).1 The reduction in midazolam expo-
sure and decreased t1/2 are consistent with dabrafenib-
inducing CYP3A4-mediated metabolism after 15 days
of dabrafenib dosing (steady state).

Overall, dabrafenib and metabolite exposures ob-
served on day 1 and at steady state were similar to those
reported previously after administration of dabrafenib
150 mg twice daily after a single dose and at steady
state.6
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Overall, the AEs, SAEs, and laboratory abnormal-
ities reported during this study are consistent with the
safety profile of dabrafenib and the patient population
under study. No unusual or unexpected events were
reported. Grade 4 presyncope was reported in 1 patient;
this, however, was attributed to midazolam dosing.

Additionally, themini-cocktail approach to adminis-
ter midazolam and rosuvastatin significantly decreased
the length of time the patient was required to partic-
ipate in the drug interaction trial. Historical internal
data had shown that the PK of each drug was not af-
fected when administered as part of a 7-probe cocktail
compared with administering each drug alone.

Conclusions
This study, which followed a mini-cocktail approach,
showed that the exposure of drugs that are CYP3A4
substrates is likely to decrease when coadministered
with dabrafenib, and that the concentrations of medic-
inal products that are sensitive OATP1B1/1B3 sub-
strates (eg, atorvastatin) may increase during the ab-
sorption phase.
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