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Abstract

Purpose The objective of this study was to investigate the
drug interaction between dasatinib and the gastric acid sup-
pressants (H2-receptor antagonists (H2RA) famotidine and
nizatidine and the proton pump inhibitor (PPI) lansoprazole
in leukemia Japanese patients.

Methods FEighteen patients treated with dasatinib and
H2RA, PPI or no acid suppressant from whom were
obtained a total of 34 pharmacokinetic profiles were
enrolled in the study. Dasatinib plasma concentrations from
samples obtained just prior to and 1, 2, and 4 h after oral
dasatinib administration were analyzed by high-perfor-
mance liquid chromatography.

Results There were no significant correlations between
the dose-adjusted total area under the observed plasma con-
centration—time curve (AUC, ,) of dasatinib and gender,
age, weight, or body surface area. The only variable factor,
the dasatinib dose-adjusted AUC,,_, for patients adminis-
tered an H2RA or PPI, was significantly lower than for
patients not administered an acid suppressant (median
(quartile 1—quartile 3) values: 1.47 (0.79-2.29) versus 3.51
(2.50-5.45) ng h/mL/mg, respectively, P = 0.0008). More-
over, the plasma concentration 2h (C,,) after dasatinib
administration gave a high correlation with the AUC,_, of
dasatinib (r = 0.9419, P < 0.0001).

Conclusion Clinicians should be aware that administra-
tion of an acid suppressant such as famotidine, nizatidine,
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and lansoprazole can decrease the absorption of dasatinib
from the gastrointestinal tract, thereby resulting in a signifi-
cant decrease in the plasma concentration of dasatinib. The
combination of dasatinib and an acid suppressant requires
careful therapeutic drug monitoring of the dasatinib plasma
concentration to ensure effective patient exposure to the
drug.

Keywords Dasatinib - H2-receptor antagonist - Proton
pump inhibitor - Drug interaction

Introduction

Dasatinib (BMS-354825), a second-generation tyrosine
kinase inhibitor, has shown good efficacy in patients with
chronic myeloid leukemia (CML) or Philadelphia chromo-
some positive acute lymphoid leukemia (Ph + ALL) [1, 2].
Dasatinib is a multiple kinase inhibitor that potently inhibits
Ber-Abl, Src family (Sre, Lck, Yes, Fyn), c-Kit, and platelet-
derived growth factor receptor f kinases [3-5]. Dasatinib
exposure is characterized by large inter- and intra-individual
variability [6]. Variability in dasatinib exposure has been
reported to be due mainly to inter-occasion variability in rela-
tive bioavailability [44% coefficient of variation (CV)] and,
to a lesser extent, inter-patient variability in relative bioavail-
ability (32% CV) and clearance (25% CV) [7]. As drug phar-
macokinetics are generally thought to affect therapeutic
outcome and clinical side effects, it is important that the fac-
tors responsible for these inter- and intra-patient dasatinib
bioavailability differences be elucidated.

One potential cause of variable dasatinib bioavailability
is a change in its adsorption profile. After oral administra-
tion, drugs typically must be dissolved for them to be
absorbed from the gastrointestinal tract. The solubility of
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dasatinib is pH-dependent, and therefore, an alteration of
the pH in the gastrointestinal tract could change dasatinib
exposure [8]. The H2-receptor antagonist (H2RA) famotidine
and the proton pump inhibitor (PPI) omeprazole are known to
decrease the total area under the observed plasma concentra-
tion—time curve (AUC) of dasatinib by 61 and 43% and the
maximum plasma concentration (C,,,,) of dasatinib by 63 and
42%, respectively [8]. Thus, the change of dasatinib pharma-
cokinetics by gastric acid suppressants is consistent with
reduced absorption. Therefore, it has been recommended that
concomitant administration of agents that provide prolonged
acid suppression such as H2RA and PPI with dasatinib not be
practiced. However, drug interactions between dasatinib and
acid suppressants have only been mentioned in pharmaceuti-
cal company information, and reports from clinical practice
have until now not been reported.

The present study investigated the drug interaction
between dasatinib and acid suppressants (H2RA famotidine
and nizatidine, and PPI lansoprazole) in Japanese patients
with CML or Ph + ALL.

Materials and methods
Patients and protocols

Eighteen Japanese patients with CML or Ph + ALL were
selected to participate in this study. The demographic and
clinical characteristics of the patients are listed in Table 1.
The study protocol was approved by the Ethics Committee
of Akita University Hospital, and all recipients gave written
informed consent.

Retrospectively, the 18 patients (34 therapeutic courses)
were divided into two groups: dasatinib therapy together
with either 30 mg of lansoprazole (Takepron®, Takeda
Pharmaceutical Co. Ltd, Osaka, Japan, 5 patients, 12
courses), 20—40 mg/day of famotidine (Gaster®, Astellas
Co. Ltd., Tokyo, Japan, 4 patients, 5 courses) and 300 mg/
day of nizatidine (Acin0n®, Zeria Pharmaceutical Co., Ltd.,
Tokyo, Japan, 3 patients, 4 courses) or no acid suppressant
(6 patients, 14 courses) (Table 1). Dasatinib (Sprycel®;
Bristol-Myers, Tokyo, Japan) was given orally at 20—
100 mg once daily at a designated time (08:00), or 70 mg
twice daily at designated times (08:00 and 20:00). In the
steady-state drug concentration period on days 7, 14, 28,
and 42 after beginning dasatinib therapy, whole blood sam-
ples were collected just prior to and at 1, 2, and 4 h after
oral dasatinib administration.

HPLC system

Plasma concentrations of dasatinib were measured by high-
performance liquid chromatography (HPLC) [9]. Following
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Table 1 Clinical characteristics of patients with dasatinib

Characteristics Frequency
Total number 18

Total course* 34
Sex

Female 10

Male 8
Age (year) 61.6 + 17.8 (22-88)
Body height (cm) 155.8 £ 9.5 (137-169)
Body weight (kg) 53.0 + 12.0 (35.0-78.3)

Body surface area (m?)
Laboratory test values
White blood cell (x 103/mm?)
Red blood cell (x 10%/mm?)
Platelet (x 10%mm?®)
Aspartate transaminase (IU/L)
Alanine transaminase (IU/L)
Serum albumin (g/dL)
Total bilirubin (mg/dL)

Serum creatinine (mg/dL)

1.50 £ 0.17 (1.30-1.89)

7.1+ 14.3 (1.4-87.2)
296 £ 51 (218-406)
131 £+ 63 (25-270)
32.1 & 28.8 (10-131)
50.5 & 51.7 (8-254)
3.9 £ 0.6 (2.8-5.4)
0.5 & 0.3 (0.1-2.0)
0.7 £ 0.2 (0.4-1.4)

Daily dose*
<100 mg 7
=100 mg 24
>100 mg 3
Gastric acid suppressant™®
H2-receptor antagonist 8
Proton pump inhibitor 12

Data presented as number or mean =+ standard deviation (range)

* Data are numbers of course. There are overlapped data in the same
patient

the addition of imatinib (20 ng/methanol 10 pL) as an inter-
nal standard to a 200 pL plasma sample, the plasma sample
was diluted with 800 pL of water and vortexed for 30 s.
This mixture was applied to an Oasis HLB extraction car-
tridge that had been activated previously with methanol and
water (1.0 mL each). The cartridge was then washed with
1.0 mL of water and 1.0 mL of 60% methanol in water and
eluted with 1.0 mL of 100% methanol. Eluates were evapo-
rated to dryness in a vacuum at 40°C using a rotary evapo-
rator (Iwaki, Tokyo, Japan). The resulting residue was then
dissolved in 20 pL. of methanol and vortexed for 30 s;
20 pL of mobile phase was added to the sample, and the
sample was vortexed for another 30 s. A 20 pL aliquot of
the sample was then processed by HPLC. The HPLC sys-
tem was comprised of a PU-2080 plus chromatography
pump (JASCO, Tokyo, Japan) equipped with a CAPCELL
PAK C18 MG II (250 x 4.6 mm L.D., Shiseido, Tokyo,
Japan) HPLC column, a UV-2075 light source, and an
ultraviolet detector (JASCO). The mobile phase was 0.5%
KH,PO, (pH 3.5)-acetonitrile-methanol (55:25:20, v/v/v),
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which was degassed in an ultrasonic bath prior to use. The
flow rate was 0.5 mL/min at ambient temperature, and sam-
ple detection was carried out at 250 nm. The lower limit of
quantification of this assay was 0.5 ng/mL. The between
day and between run coefficients of variation for dasatinib
were less than 18.3 and 15.8%, respectively. The mean
extraction recovery for dasatinib was 94.0% in the concen-
tration range of 0.5-1,000 ng/mL.

Phamacokinetic analysis

Pharmacokinetic analysis of dasatinib was carried out with
a standard non-compartmental method using WinNonlin
(Pharsight Co., CA, version 4.0.1). The total area under the
observed plasma concentration—time curve (AUC) was cal-
culated using the linear trapezoidal rule. The dosage adjust-
ment was calculated by dividing each computational
parameter by the dosage of dasatinib, since its dose-depen-
dent pharmacokinetics increased linearly over the dose
range of 15-240 mg/day [10].

Statistical analysis

The clinical characteristics of patients taking dasatinib were
expressed as a number or mean value =+ standard deviation
(range). The normal distribution of each data type was
assessed based on a histogram. The AUC,_, of dasatinib for
each group was expressed as a median value (quartile 1-
quartile 3). The dasatinib AUC,,_, for two groups was com-
pared using the Mann—Whitney test. The Spearman’s rank
correlation coefficient test or simple linear regression anal-
ysis was applied to assess a correlation between two
groups. A P value less than 0.05 was considered statistically

Fig. 1 Plasma concentration— 500
time profiles of dasatinib for
34 courses from 18 patients
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significant. Statistical analyses were performed using statis-
tics software, IBM SPSS Statistics 19.0 for Windows
(SPSS IBM Japan Inc., Tokyo, Japan).

Results

A total of 34 pharmacokinetic profiles were obtained from
18 patients under conditions of different dosages, different
dasatinib ingestion periods, and the presence of acid sup-
pressant. The plasma concentration—time profiles from 0 to
4 h after administration of dasatinib in the 34 therapeutic
courses are shown in Fig. 1. A histogram of the dose-
adjusted AUC,,_, of dasatinib is shown in Fig. 2. Distribu-
tion of the dose-adjusted AUC,,_, of dasatinib in the 34 pro-
files is remarkably large with up to a 12-fold difference
observed between highest and lowest AUCs. However, the
plasma concentration at 2 h (C,,) after dasatinib adminis-
tration showed a high correlation with the measured AUC,,_
4 of dasatinib (r=0.9419, P <0.0001). The correlation
coefficients (7) between the measured AUC,, , of dasatinib
and the predose, 1 and 4 h plasma concentrations were
—0.0686 (P =0.7935), 0.8694 (P <0.0001) and 0.6972
(P <0.0001), respectively. The correlation between the
measured and predicted AUC,,_, of dasatinib using only the
C,, sampling point in the equation (predicted AUC,_, =
2.508 - C,, + 45.558) is shown in Fig. 3. The coefficient of
determination (r°) between the predicted AUC,, , with the
C,, point and the measured AUC,, was 009114
(P <0.0001).

As shown in Fig. 2, dasatinib had extremely variable
pharmacokinetics; however, there were no significant cor-
relations between the dose-adjusted AUC,_, of dasatinib

Time post dose (h)
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Fig. 2 Histogram of the dose- 10
adjusted area under the plasma
concentration—time curve from 0
to 4 h (AUC,_,) of dasatinib
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Fig. 3 Correlation between the observed area under the concentra-
tion—time curve (AUC,,_4) and the predicted AUC,_, calculated with an
equation involving the concentration 2 h (C,,) after dasatinib adminis-
tration. Predicted AUC_, (ng h/mL) =2.508 - C,, (ng/mL) + 45.558

and gender, age, weight, or body surface area (Table 2). As
the only variable factor, there was a significant difference in
the dose-adjusted AUC,,_, of dasatinib between the groups
administered acid suppressants (H2RA and PPI) and not
given acid suppressants (P = 0.0008) (Fig. 4, Table 2). The
median (quartile 1-quartile 3) dose-adjusted C,, of dasati-
nib with an acid suppressant (H2RA and PPI) and without
an acid suppressant was 0.34 (0.10-0.72) ng/mL/mg and
1.23 (0.63-2.23) ng/mL/mg, respectively, (P = 0.0009).
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AUC,_, / Dose of dasatinib (ng-h/mL/mg)

Table 2 Comparison and correlation with dose-adjusted area under
the plasma concentration—time curve from O to 4 h after dasatinib
administration

Median P value
(quartile 1—quartile 3)
(ng h/mL/mg)
Gender 0.1290
Female 1.68 (0.76-3.10)
Male 2.59 (2.00-4.32)
Co-medications 0.0008
With H2RA or PPI 1.47 (0.79-2.29)
Without 3.51 (2.50-5.45)
Correlation coefficient () P value
Age —0.1338 0.4506
Body weight —0.0407 0.8192
Body surface area 0.1486 0.4016

Values are expressed as the median (quartile 1-quartile 3)

Discussion

The present retrospective study shows that the usual thera-
peutic dose of acid suppressants (H2RA and PPI) has a
clinically significant influence on the dose-adjusted AUC, 4
of dasatinib. The absolute quantity of dasatinib absorbed
from the gastrointestinal tract appears to be reduced by
H2RA or PPI Clinicians frequently use acid suppressants
to prevent gastrointestinal dysfunction by a medicine. How-
ever, clinicians should be aware that administration of acid
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Fig. 4 Comparison of dose-adjusted a area under the plasma concen-
tration—time curve from 0 to 4 h (AUC,_;) and b plasma concentration
2 h after dasatinib administration according to the presence or absence
of a co-administered acid suppressant. H2RA H2-receptor antagonist,
PPI proton pump inhibitor. Graphical analysis was done using an

suppressants can diminish the absorption of dasatinib,
thereby resulting in a significant decrease in its plasma con-
centration. Currently, most hospital laboratories do not
monitor the plasma concentration of dasatinib. The pharma-
cokinetics of dasatinib are characterized by large intra- and
inter-individual variability, and this drug is susceptible to
drug interactions with many co-administered drugs such as
H2RA or PPIL These features of dasatinib and the clinical
background of patients taking dasatinib suggest the neces-
sity of performing therapeutic drug monitoring (TDM) to
ensure effective patient exposure to the drug and to avoid
the risk of toxicity.

Although AUC is the most commonly used pharmacoki-
netic parameter to characterize exposure to a drug, many
blood collection time-points are required to accurately cal-
culate AUC values. Taking into account the time required
for blood collection, inconvenience to the patient, and the
cost of measuring plasma concentrations, AUC measure-
ment is not appropriate for determining drug interactions or
patient compliance. Therefore, it is clinically important that
prediction of AUC is calculated from limited patient blood
samples. The C,, point for dasatinib in the present study
accurately predicted the AUC,_, of dasatinib in a shorter
time frame and the diminished plasma concentration from
drug interactions with H2RA and PPI. The 25% quartile
dose-adjusted C,, of dasatinib without acid suppressants
was 0.63 ng/mlL/mg, whereas the 75% quartile dose-adjusted
C,, of dasatinib with H2RA or PPI was 0.72 ng/mL/mg.
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SPSS box and whiskers plot. The box spans data between two quartiles
(IQR), with the median represented as a bold horizontal line. The ends
of the whiskers (vertical lines) represent the smallest and largest val-
ues that are not outliers. Outliers (circles) are values between 1.5 and
3 IQRs from the end of the box

Therefore, C,;, monitoring of dasatinib would be a useful
time point to estimate dasatinib exposure and could help in
deciding to withdraw an acid suppressant.

Our results must be interpreted within the context of the
study limitations. This study was performed with a small
number of patients. Although our results agree with those of
a previous report [8], further examination with a larger sam-
ple size is necessary. In addition, several investigators have
suggested that the threshold plasma trough concentration of
imatinib, a therapeutic agent for CML and gastrointestinal
stromal tumors [11, 12], should be set above 1,000 ng/mL for
CML patients to achieve a complete cytogenetic response
(CCyR) or major molecular response (MMR) [13-17]. How-
ever, a consensus target plasma concentration for dasatinib
has not been communicated, although the trough plasma con-
centration of dasatinib has been reported to correlate with
toxicity [18]. While we did not consider how a decrease in
plasma concentration of dasatinib by H2RA or PPI influ-
enced the clinical effect, at least a determination of the
absorbed dasatinib from the gastrointestinal tract would be
needed to estimate drug efficacy. A low absorbed dose of
dasatinib due to an H2RA or PPI interaction might not have
been sufficient to reach the plasma concentration necessary to
observe a clinical response. Further examination of the corre-
lation between clinical evaluation and the pharmacokinetics
of dasatinib is necessary.

In conclusion, co-administration of acid suppressants
(famotidine, nizatidine, and lansoprazole) significantly
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decreased the plasma dasatinib concentration. An interac-
tion between dasatinib and acid suppressants was observed
for most patients to diminish the absorption of dasatinib.
The combination of dasatinib and acid suppressants
requires careful TDM of the dasatinib plasma concentration
to ensure effective patient exposure to the drug.
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