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WHAT IS ALREADY KNOWN ABOUT

THIS SUBJECT

WHAT THIS STUDY ADDS

AIMS

To assess the steady-state pharmacokinetic and QT. effects of domperidone
and ketoconazole, given alone and together.

METHODS

A randomized, placebo-controlled, double-blind, crossover study was
carried out. Healthy subjects (14 men, 10 women; age 18-39 years; mean
weight 73.5 kg, range 53.8-98.8 kg; 23 Europid, 1 Afro-Caribbean) received
orally, for 7 days each, placebo, domperidone 10 mg, four doses daily, at 4 h
intervals, ketoconazole 200 mg 12-hourly and domperidone and
ketoconazole together.The washout period was 15 days. Pharmacokinetics
and serial 12-lead ECGs were assessed on day 7, and serial ECGs on day —1
and at follow-up. Two subjects withdrew before the third treatment period,
so data were available for 22-24 subjects.

RESULTS

Ketoconazole tripled domperidone concentrations at steady-state.
Domperidone, ketoconazole and their combination significantly increased
QT.F in men. Overall adjusted mean differences from placebo were 4.20
(95% Cl 0.77,7.63),9.24 (95% Cl 5.85, 12.63) and 15.90 (95% Cl 12.47,19.33)
ms, respectively. In women, QTF was not significantly different from
placebo on either domperidone or ketoconazole alone, or in combination.
However, QT. was positively correlated with plasma drug concentrations, in
both men and women. AQT.F increased by about 2 ms per 10 ng ml™ rise in
domperidone concentration, and per 1 g ml™ rise in ketoconazole
concentration.

CONCLUSIONS

Ketoconazole tripled the plasma concentrations of domperidone.
Domperidone and ketoconazole increased QT.F in men, whether given
together or separately. The effect of domperidone alone was below the
level of clinical importance. The negative result in women is unexplained.

© 2011 The Authors
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Introduction

Domperidone, a dopamine antagonist, is an orally active
anti-emetic and prokinetic agent [1] with a long safety
record. It has been widely used for >30 years. Since 1998
domperidone has been available over-the-counter (OTC)
in the UK with a maximum recommended single dose of
10 mg and total daily dose of 40 mg.However, early studies
of high dose intravenous domperidone were associated
with QT prolongation, arrhythmias [2] including torsade de
pointes (TdP) [3], cardiac arrest [4, 5] and sudden death [6,
7]. Some of these patients had cancer and were on car-
diotoxic chemotherapy, so there were contributing factors.
Domperidone has been reported to prolong QT interval by
a mean of 14 ms in neonates of gestational age <32 weeks
[8], but a more recent study, also in neonates, yielded a
negative result [9].

Domperidone is rapidly and almost completely
absorbed after oral administration, but its bioavailability is
only 13-17% because of extensive first pass metabolism in
intestine and liver [10]. The main route of metabolism
of domperidone is hydroxylation and oxidative N-
dealkylation by CYP3A. Studies in vitro suggest that other
CYP isoforms contribute little [11,12]. Domperidone is also
a substrate of P-glycoprotein [13, 14].

Ketoconazole, a commonly-used antifungal agent, is
a powerful inhibitor of CYP3A and P-glycoprotein, so a
pharmacokinetic interaction between ketoconazole and
domperidone would be predicted to occur. Ketoconazole
interacts with many other drugs. For example, QT interval
prolongation and TdP have been reported after co-
administration of ketoconazole with terfenadine [15],
astemizole [16] and cisapride [17], all of which were subse-
quently withdrawn from the market.

No data have been published on the possible effects of
inhibition of CYP3A or P-glycoprotein on the pharmacoki-
netics or safety of domperidone, although several authors
have cautioned that such combinations might increase the
risk of arrhythmias [11, 18].

We assessed the pharmacokinetics and effects on QT
interval of domperidone and ketoconazole, alone and in
combination, in healthy volunteers, mainly to obtain evi-
dence to support the transfer of oral domperidone from
prescription only to OTC status in many more countries.

Methods

We did the study in 2001 in accordance with ICH Guideline
for Good Clinical Practice.The Brent Medical Ethics Commit-
tee (now designated as North London REC 1) approved the
study and all subjects gave fully informed, written consent.

Subject population
We studied 24 healthy volunteers (14 men, 10 women),
aged 18-39 years (mean, SD = 26.6, 5.8 years) and with
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body mass index 18-28 kg m™ (mean,SD=23.8,2.9 kg m™)
and weight 53.8-98.8 kg (mean, SD=73.5,13.1 kg).Twenty-
three were Europid and one was Afro-Caribbean. All were
non-smokers and taking no medicines. We deemed them
healthy on the basis of a medical history and examination,
12-lead ECG, 24 h ambulatory ECG and safety tests of blood
(including electrolytes) and urine.We excluded any subject
with corrected QT (QT,, using Bazett's correction for heart
rate) interval =450 ms (women) or =430 ms (men) on
12-lead ECG, resting heart rate outside the range 50-100
beats min~' and =50 premature ventricular contractions,
or any significant arrhythmia, on the 24 h ECG.

Study design

The study was randomized, placebo-controlled, double-
blind, double-dummy and crossover, using a Williams’
balanced design. Each subject received four treatments:
placebo, domperidone 10 mg, four doses daily, at 4 h inter-
vals, ketoconazole 200 mg every 12 h and the combination
of domperidone and ketoconazole. The active drugs and
matching placebo were all supplied, as tablets, by Janssen-
Cilag. Each treatment period was 7 days, with a 15 day
washout between periods. Subjects were resident from
36 h before dosing until 24 h after the last dose in each
period.While resident, subjects received standard meals at
scheduled times, and were not allowed alcohol, grapefruit
juice, quinine or caffeine-containing beverages. Subjects
returned for a follow-up assessment 7 days after the final
dose.

Assay of domperidone and ketoconazole

In each period, we took blood samples for assay of domp-
eridone and ketoconazole before the morning dose on
days 5,6 and 7,and at 0.5, 1,2,4,5,8,9,12,12.5,13, 14, 16,
24 and 36 h after the morning dose on day 7.

We separated plasma within 1h of sampling, and
stored it at —18°C or below until assay for domperidone by
Janssen Research Foundation, Beerse, Belgium, using a
validated HPLC method. PPD Development, Richmond,
Virginia, USA assayed ketoconazole using a validated
LC-MS/MS method. Limits of reliable quantitation were
1.0 ng ml™" and 0.05 ug ml™, respectively. Intra- and inter-
assay coefficients of variation were <7%.

Pharmacokinetic analysis

We used standard non-compartmental methods and
actual elapsed sampling times to calculate pharmacoki-
netic parameters of domperidone and ketoconazole. We
determined the maximum and minimum observed
concentrations at steady-state (Cmaxss and Cminss) and the
time of maximum concentration (tmax), directly from the
observed data on day 7. We used the linear trapezoidal
method to calculate the area under the plasma
concentration—-time curve from 0-24 h at steady-state on
day 7 (AUC(0,24 hy,)). We defined the average steady-state
plasma concentration (Cuvgss) Over 24 h as AUC(0,24 h)/24.



We calculated the elimination half-life at steady-state
(ti225s) from the terminal portion of the log plasma
concentration-time curve on day 7.

Pharmacodynamics

We recorded 12-lead ECGs (GE/Marquette MAC 1200) on
day —1 and at follow-up, at the following times relative to
the scheduled time of the day 1 morning dose:0,0.5,1,2,4,
5,8,9,12,12.5,13, 14 and 16 h. We also recorded 12-lead
ECGs before the morning dose on days 5, 6 and 7 and at
0.5,1,2,4,5,8,9,12,12.5,13, 14, 16, 24 and 36 h after the
morning dose on day 7.

From the 12-lead ECGs, Quintiles Cardiac Alert (UK) cal-
culated average RR and QT interval from measurements in
3-5 consecutive beats, nearly always in lead Il, using cali-
brated electronic calipers with resolution of 0.4 ms. The
same analyst measured all ECG intervals for an individual
subject.

We corrected QT interval for heart rate using Bazett's
(QT.B = QT/(RR/1000)%%), Fridericia’s (QT.F = QT/(RR/
1000)°*%) and Sagie’s (QTL. = QT + (1000-RR) x 0.154)
formulae.

Safety and tolerability assessments

We did continuous cardiac monitoring via telemetry from
1 h before dosing on day 1 until 24 h after the last dose on
day 7, vital signs at screening, on day —1, before and at 1 h
after each dose on days 1-7 and at follow-up, laboratory
safety tests at screening,on days —1 and 8 and at follow-up,
medical examination at screening, on days —1 and 8 and at
follow-up. We recorded three-lead, 24 h ambulatory ECGs
on days —1 and 7 and at follow-up, using ACS model 9000
Holter recorders (Laguna Hills, USA).We monitored adverse
events throughout the study.

Statistical analysis

All analyses were done on an intention to treat basis, in
that data were included from all subjects who completed
at least one treatment period, even if those subjects did
not complete the entire study. To test for bioequivalence,
we did an analysis of variance (ANOVA) of log transformed
Cinaxsss Cminsss AUC(0,24 hss), Cavgss- and tiyas. Initial models
contained fixed effects for period, treatment and carryover,
and random effects for subject. If carryover effects were
not significant at the 10% level, we dropped them from
the model. For each pharmacokinetic parameter, we calcu-
lated the mean treatment ratio (combined therapy)/(single
therapy), and the associated 90% confidence interval,
using the mean square error from the ANOVA.

To examine the relationship between pharmacokinet-
ics and pharmacodynamics at steady-state, we did linear
regression of the difference from placebo on day 7 in QT(B,
QT.F and QTL. (AQT.B, AQT.F and AQTL.) on plasma con-
centrations of domperidone and ketoconazole.

To test for differences between treatments in heart
rate, QT.B, QT.F and QTL,, at baseline (day —1) and at steady-
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state, we used a linear mixed effects regression model
for repeated measurements. Initial models had fixed
effects for treatment group, treatment sequence, period,
gender, timing post dose, treatment-timing interaction
and treatment-gender interaction.Day —1 ECG results were
included as a covariate in the analysis at steady-state.
Subject and subject-time were included as random effects.
We compared covariance structures using likelihood ratio
tests, to determine whether more complex structures led
to significant improvement in model fit. If the treatment-
gender interaction was significant, we stratified the analy-
ses by gender. All P values were two-sided.

Results

Subjects
Of 14 men and 10 women who entered the study, we with-
drew two men, both of them before the third treatment
period. One had mildly elevated liver enzymes. He had
been dosed with ketoconazole alone and domperidone
alone.The other had a 1 min episode of asymptomatic ven-
tricular tachycardia. He had been dosed with combination
treatment and then ketoconazole alone, in the two previ-
ous treatment periods. The timing of the tachycardia (2
weeks after the last dose of ketoconazole) makes it unlikely
that it was related to treatment.

In all, we dosed 23 subjects with domperidone, 24 with
ketoconazole, 23 with combination and 22 with placebo,
each treatment for 7 days.

Pharmacokinetics of domperidone

On both regimens, domperidone was rapidly absorbed.
Plasma concentrations peaked within 2 h after each dose
(Figure 1). Over the 24 h period, median tmn.x was 9.0 h
after the morning dose on domperidone alone, and 5.0 h
after the morning dose of the combination. Thus in both
cases the peak concentrations were at 1 h after the imme-
diately preceding dose.

After the final dose, domperidone concentrations
declined in a biphasic manner, on both treatments. Mean
domperidone ti,,,ss Was significantly shorter on combina-
tion treatment than when given alone (6.8h vs. 9.0 h,
respectively). ti,,ss decreased in all but two subjects, in
whom it increased marginally (=4.5%).

Ketoconazole increased the plasma concentrations
of domperidone in all subjects. Mean AUC(0,24 hss), Cnax,ss:
Ciminss and Caygss of domperidone were significantly higher
when domperidone was given with ketoconazole than
when given alone (Table 1, Figure 1). Mean (90% Cl) treat-
ment ratios for each parameter were 3.57 (3.31, 3.86), 2.93
(2.65, 3.25), 3.12 (2.83, 3.43) and 3.57 (3.31,3.86), respec-
tively. Within-subject standard deviations (SD) estimated
from the ANOVA models ranged from from 0.14 to 0.18.

Mean pre dose concentrations of domperidone did not
differ between the mornings of days 5,6 and 7 on either
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Figure 1

Plasma concentrations of domperidone (A) and ketoconazole (B) over 24 h in men and women, at steady-state (day 7 of dosing).Single therapy:men (CJ) and

women (A); combinatiion therapy: men (ll) and women (A)

regimen, but were about three times higher on combina-
tion treatment. Thus, domperidone had reached steady-
state by day 5 on both treatments.

Pharmacokinetic parameters of domperidone did not
differ significantly between genders on either regimen.

Pharmacokinetics of ketoconazole

At steady-state, plasma concentrations of ketoconazole
were similar during combination treatment and mono-
therapy (Figure 1). On both treatments, ketoconazole was
variably absorbed. tn.x was 0.5-24 h after each dose. Over
the 24 h period, median tm.x Was 2 h after the morning dose
in both treatment groups. After tmax, ketoconazole concen-
trations declined exponentially in a monophasic manner.
Mean ti,»,s of ketoconazole on monotherapy did not differ
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significantly from that during combination treatment
(4.6 h vs. 4.2 h, respectively).

Mean AUC(0,24 hs), Craxsss Cminss and Caygss during
ketoconazole-domperidone combination treatment did
not differ from those during monotherapy. Mean (90% Cl)
treatment ratios are shown in Table 1. Within-subject SD
estimated from the ANOVA models ranged from from 0.14
to 0.24.

Mean pre dose concentrations of ketoconazole,
whether given alone or in combination, did not differ
among the mornings of days 5,6 and 7.Thus, ketoconazole
had reached steady-state by day 5 of twice daily dosing,
during both regimens.

Pharmacokinetic parameters of ketoconazole did not
differ significantly between genders on either regimen.



Pharmacodynamics: 12-lead ECG

We report results based on QT.F as our primary method of
correction. Results based on QT:B and QTL. were similar
(Table 2).

Table 1

Arithmetic mean (SD) of pharmacokinetic parameters of domperidone
and ketoconazole at steady-state (day 7 of dosing), given as single
therapy and in combination

Parameter Single Combination Ratio (90% CI)"

Domperidone
AUC(0,24 h) 249.0 (65.33) 878.1 (267.7) 3.57 (3.31, 3.86)*
(ng mI-' h)
Cmax.ss (ng mI~") 23.48 (7.35) 67.85 (21.11) 2.93 (2.65, 3.25)*
Chmin.ss (ng ml~") 4.23(1.12) 13.23 (4.80) 3.12 (2.83, 3.43)*
Cavg,ss (ng mI™") 10.38 (2.73) 36.60 (11.16) 3.57 (3.31, 3.86)*
Va/Fes (1) 788.1 (336.0) 191.6 (85.0) 0.24 (0.22, 0.26)*
CL/F,sss 1005.7 (314.8) 321.9 (91.5) 0.32 (0.29, 0.34)*
(ml min~")
t12,2,55 (h) 8.99 (1.24) 6.81 (1.38) 0.75 (0.71, 0.79)*
tmaxt (h) 9.0 (0.5-14.0) 5.0 (0.5-14.1)

Ketoconazole
AUC(0,24 hy;) 70.4 (28.1) 73.9 (34.8) 1.03 (0.95, 1.12)
(ng mi~" h)
Cimax.ss (Wg ml™) 5.69 (1.76) 5.73(2.11) 0.99 (0.92, 1.07)
Cmin.ss (g mi™) 1.53 (0.94) 1.58 (1.01) 1.07 (0.93, 1.22)
Cavg,ss (ug ml-") 2.94 (1.17) 3.08 (1.45) 1.03 (0.95, 1.12)
ValFss (1) 28.14 (7.94) 27.53 (12.68) 1.02 (0.90, 1.15)
CL/F,sss 71.48 (29.41) 66.52 (14.09) 0.94 (0.80, 1.11)
(ml min~")
t1/2,2,ss () 4.20 (1.62) 4.56 (2.08) 0.93 (0.84, 1.04)
tmaxt (h) 2.1 (0.5-24.0) 2.0 (0.5-24.2)

"Ratio computed on log transformed data and back-transformed; 90% Cl calcu-
lated using within-subject SD from AnovA models: Domperidone: AUC(0,24 h) =
0.14; Crax = 0.18; Ciin = 0.17; Cayg = 0.14; Vo/F = 0.20; CL/F=0.15; t12. = 0.10.
Ketoconazole AUC(0,24 h) = 0.15; Cnax = 0.14; Ciin = 0.24; Cayg = 0.15; Vu/F =
0.11; CUF = 0.08; ti,, = 0.19. *Statistically significant difference (P < 0.05).
tMedian and range.

Table 2
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The effect of treatment on mean QTF on day 7
depended strongly on gender (P for interaction =0.002),s0
we stratified all analyses by gender.

At steady-state, mean QTcF in men on domperidone
or ketoconazole alone was significantly higher than on
placebo.On domperidone alone, the overall mean (95% Cl)
increase in QT.F from placebo was 4.20 ms (0.77,7.63),and
the maximum increase was 9.11 ms at 13 h post dose. On
ketoconazole alone, the overall mean (95% Cl) increase in
QTF from placebo was 9.24 ms (5.85, 12.63) and the
maximum increase was 13.60 ms at 4 h post dose (Figure 2,
Table 3). During the 7 days of dosing, QT.F prolongation
was observed in three men (four events) on domperidone
and two men (two events) on ketoconazole.The maximum
observed QT.F was 450 ms on domperidone and 461 ms
on ketoconazole.No QT. values >500 ms were recorded on
either treatment, using any of the three corrections for
heart rate.

Men on combination therapy had significantly higher
mean QT.F than on placebo, overall (Table 2) and at most
timepoints up to 16 h after dosing (Figure 2, Table 3). The
overall mean (95% Cl) increase in QTF from placebo was
15.90 ms (12.47, 19.33) and the maximum increase was
26.89 ms at 16 h post dose. During the 7 days of dosing,
QTF prolongation (>450 ms) was observed in two men
(four events). The maximum recorded QT.F was 459 ms.No
QT. values >500 ms were recorded, using any of the three
corrections for heart rate. The within subject SD estimated
from the mixed effects regression model was 10.1 ms.

Among women, the overall effect of treatment on QT,,
using any of the three corrections for heart rate, was not
statistically significant (Table 2). With all three corrections,
mean QT in women on domperidone or ketoconazole
alone tended to be lower than on placebo, but tended to
be higher on the combined treatment. The mean differ-
ences from placebo in QT.F were mostly negative on dom-
peridone and ketoconazole alone, and mostly positive on

Overall mean QT, (ms), and mean (95% confidence interval) difference from placebo, on 12-lead ECG from 0-16 h after dosing, in men and women at

steady-state (day 7 of dosing)

Ketoconazole

Combination

Placebo Domperidone
Mean Mean Adjusted mean difference from Mean
QT. QT. placebo' (95% ClI); P value QT.
Men
QT.B? 396.5 399.0 2.94 (-1.02, 6.91); P=0.14 400.9
QT3 394.0 397.7 4.20 (0.77, 7.63); P=0.017 401.3
QTLc* 393.7 397.0 3.75 (0.43, 7.08); P = 0.028 400.2
Women
QTB? 412.3 409.7 -2.70 (-7.85, 2.45); P=0.29 407.9
QT.F? 407.9 406.4 -1.52 (-6.72, 3.69); P=0.55 405.6
QTLA 407.7 406.2 -1.55 (-6.56, 3.46); P = 0.53 404.6

Adjusted mean difference from Mean Adjusted mean difference from
placebo’ (95% Cl); P value QT. placebo' (95% Cl); P value
7.00 (3.06, 10.93); P = 0.001 406.5 12.29 (8.32, 16.26); P < 0.001
9.24 (5.85, 12.63); P < 0.001 408.3 15.90 (12.47, 19.33); P < 0.001
8.68 (5.39, 11.96); P < 0.001 406.9 15.06 (11.74, 18.39); P < 0.001
-4.37 (-9.54, 0.80); P = 0.09 414.2 2.01 (-3.14, 7.16); P=0.43
-2.58 (-7.80, 2.64); P=0.32 410.7 2.71(=2.49, 7.91); P=0.29
-3.42 (-8.45, 1.61); P=0.17 410.5 2.59 (-2.42, 7.59); P=0.30

"Means are model-based means from repeated measures analysis, adjusted for day —1 as a covariate. Within subject SD estimated from model: Men: QTB = 13.0; QTcF=10.1; QTLc
=10.5. Women: QTB = 11.7; QTcF = 8.4; QTL. = 8.8. ?QT corrected for heart rate using Bazett's formula: QTcB = QT/(RR/1000)%°. 3QT corrected for heart rate using Fridericia’s
formula: QTF = QT/(RR/1000)°33. QT corrected for heart rate using Sagie’s formula: QTLc = QT + (1000-RR) x 0.154.
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Mean QTF and heart rate in men (A and C) and women (B and D) on placebo (®), domperidone ({J), ketoconazole (O) and combination therapy (A), from

0-16 h after the morning dose on day 7

combination treatment (Figure 2, Table 3). QT. prolonga-
tion (>470 ms) was not observed at any timepoint in
women on domperidone, ketoconazole, or combination
treatment, using any of the three corrections for heart rate.
The maximum observed QT.F was 440 ms on domperi-
done, 442 ms on ketoconazole, and 453 ms on combina-
tion. The within subject SD estimated from the mixed
effects regression model was 8.4 ms.

The effect of treatment on mean heart rate on day 7
was not gender-dependent, so we did not stratify the
analysis by gender. There was no statistically significant
effect of treatment on mean heart rate, nor any significant
treatment-timing interaction (Figure 2). The maximum
mean change in heart rate from placebo was -3.8
beats min~' on domperidone, —4.4 beats min™' on keto-
conazole and —4.3 beats min™' on the combination.

At baseline (day —1) neither mean QT using any of
the three corrections, nor mean heart rate, differed signifi-
cantly among treatments or between genders. Mean
baseline QT.F in men was 400.3 ms (range 346-459) and in
women was 405.8 ms (range 350-463) (P = 0.30, from
mixed effect repeated measures model)

416 / 73:3 / Br] Clin Pharmacol

Pharmacokinetic-pharmacodynamic
relationships

In both men and women, plasma concentrations of dom-
peridone had a weak, but statistically significant, positive
linear association with AQTF accounting for 8% of the vari-
ability in those measurements (Figure 3).In both sexes, the
slope of the regression line was shallow, corresponding
to = 2 ms increase in AQT.F per 10 ng ml™' rise in plasma
concentration.

Plasma concentration of ketoconazole had a weak,
but statistically significant, positive linear association with
AQTF in men and women, accounting for <8% of the vari-
ability in those measurements (Figure 3). The slope of
the regression line was shallow, corresponding to <2 ms
increase in AQTF per 1 g ml™ increase in ketoconazole
concentration.

Safety and tolerability

There were no clinically significant changes in vital signs,
physical examination, 12-lead ECG, or laboratory safety
tests. Telemetric and 24 h ambulatory ECG showed no
untoward events other than the above-mentioned 1 min
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Table 3

Mean' (95% confidence interval) difference from placebo in QT.F (ms) in men and women at steady-state (day 7 of dosing). Differences in QT.B and QTL.
showed the same pattern (see Figure 2)

Combination
Mean difference

Ketoconazole
Mean difference

Domperidone

Mean difference

(95% Q) P value (95% Q) P value (95% Q1) P value
Men
0h -2.32 (-10.63, 5.99) 0.58 3.06 (-5.11, 11.24) 0.46 7.17 (-1.14, 15.48) 0.09
0.5h -1.15 (-9.46, 7.16) 0.79 7.53 (-0.67, 15.74) 0.07 13.43 (5.12, 21.74) 0.002
1h 3.32 (-4.99, 11.63) 0.43 6.58 (-1.60, 14.76) 0.11 9.34 (1.04, 17.65) 0.03
2h 7.23 (-1.07, 15.54) 0.09 10.52 (2.34, 18.70) 0.01 12.96 (4.65, 21.27) 0.002
4h 6.73 (-1.57, 15.04) 0.11 13.60 (5.43, 21.78) 0.001 18.10 (9.77, 26.44) <0.001
5h 5.94 (-2.37, 14.25) 0.16 8.56 (0.38, 16.73) 0.04 19.58 (11.27, 27.88) <0.001
8h 6.27 (-2.03, 14.58) 0.14 6.57 (-1.60, 14.75) 0.11 10.05 (1.73, 18.37) 0.02
9h 3.76 (-4.55, 12.07) 0.37 12.22 (4.05, 20.39) 0.003 14.72 (6.41, 23.03) <0.001
12h 1.59 (-6.72, 9.90) 0.71 6.82 (-1.36, 14.99) 0.10 19.60 (11.29, 27.91) <0.001
12.5h 3.65 (-4.66, 11.96) 0.39 10.25 (2.08, 18.43) 0.01 14.41 (6.10, 22.72) <0.001
13h 9.11 (0.80, 17.42) 0.03 11.72 (3.54, 19.89) 0.005 19.08 (10.77, 27.39) <0.001
14 h 5.86 (-2.45, 14.17) 0.17 9.67 (1.49, 17.84) 0.02 21.41 (13.08, 29.73) <0.001
16 h 4.61 (-3.70, 12.92) 0.28 13.05 (4.88, 21.22) 0.002 26.89 (18.58, 35.20) <0.001
Women

0h -3.10 (-11.77. 5.56) 0.48 -3.62 (-12.30, 5.07) 0.41 -3.48 (-12.14, 5.19) 0.43
0.5h -2.16 (-10.85, 6.54) 0.63 —4.25 (-12.93, 4.44) 0.34 1.39 (-7.46, 10.23) 0.76
1h -2.61 (-11.29, 6.06) 0.55 0.07 (-8.61, 8.74) 0.99 6.36 (-2.30, 15.02) 0.15
2h -4.24 (-12.90, 4.43) 0.34 -0.51 (-9.19, 8.17) 0.91 9.74 (1.07, 18.40) 0.03
4h -1.08 (-9.76, 7.60) 0.81 -2.22 (-10.92, 6.47) 0.61 2.33 (-6.36, 11.03) 0.60
5h -3.22 (-11.89, 5.44) 0.46 0.34 (-8.34, 9.01) 0.94 -0.72 (-9.39, 7.94) 0.87
8h -0.56 (-9.24, 8.13) 0.90 -2.24 (-10.94, 6.47) 0.61 3.17 (-5.52, 11.86) 0.47
9h 0.19 (-8.47, 8.86) 0.97 —6.82 (-15.50, 1.86) 0.12 4.61 (-4.05, 13.27) 0.30
12h -0.79 (-9.48, 7.90) 0.86 2.11 (-6.57, 10.79) 0.63 1.57 (-7.10, 10.23) 0.72
12.5h 0.14 (-8.52, 8.80) 0.97 -8.49 (-17.17, 0.19) 0.06 -1.67 (-10.34, 7.00) 0.70
13h -3.33 (-11.99, 5.33) 0.45 -7.29 (-15.97, 1.39) 0.10 1.57 (-7.10, 10.23) 0.72
14 h -3.72 (-12.39, 4.95) 0.40 -4.19 (-12.87, 4.49) 0.34 7.27 (-1.40, 15.93) 0.10
16 h 4.79 (-3.88, 13.45) 0.28 3.59 (-5.09, 12.27) 0.42 3.15 (-5.52, 11.81) 0.47

"Means are model-based means from repeated measures analysis, adjusted for day —1 as a covariate.

episode of asymptomatic ventricular tachycardia, which
occurred at 2 weeks after the end of ketoconazole
treatment.

The most common treatment-related adverse events
were abdominal discomfort reported by three subjects
and breast discomfort and nipple discharge reported by
three women.

Discussion

Ketoconazole increased plasma concentrations of domp-
eridone at steady-state in all subjects. Mean Cnn.x and AUC
were about three-fold higher. In contrast, domperidone
did not affect plasma concentrations of ketoconazole.Con-
trary to our expectation, ketoconazole decreased domperi-
done tiy2ss significantly (P < 0.01), so the increase in Crax
and AUC must have been due to reduced first-pass extrac-
tion, rather than to reduced clearance.

The half-life of drugs with a high hepatic extraction
ratio (EH) reflects liver blood flow more than enzyme activ-
ity [19]. Domperidone has an intermediate EH (= 0.60),

so CYP3A activity might be expected to affect its ti/,.
However, the relative contribution of intestinal and hepatic
CYP3A to the oral first-pass effect differs among drugs, so
EH may be an unreliable predictor of the effect of CYP3A
inhibition on clearance. In studies of oral midazolam (EH =
0.44), grapefruit juice increased AUC and Cn.x of the drug
but did not change its ti/,,, reflecting inhibition of intesti-
nal, but not hepatic, CYP3A4 [20, 21]. First-pass intestinal
metabolism appears to be an important contributor to the
low oral bioavailability of domperidone [10].

Domperidone appears to be a substrate for
P-glycoprotein (P-gp) as well as CYP3A [13, 14]. P-gp is a
transmembrane efflux pump expressed in normal cells,
including the intestinal epithelium and the liver. It plays a
key role in the absorption, distribution and elimination of
many drugs. Ketoconazole inhibits both CYP3A and P-gp
[22].Thus, the increase in plasma concentrations of domp-
eridone when given with ketoconazole was predictable.
In contrast, the reduction of t;,,5 of domperidone during
ketoconazole treatment is hard to explain, but might
reflect a complex interplay between CYP3A and P-gp inhi-
bition in both the intestine and the liver.
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Relationship between plasma domperidone (A and B) and ketoconazole (C and D) concentration and difference in QT.F from placebo (AQT.F),in men (A and
C) and women (B and D) on single and combination therapy at steady-state (day 7 of dosing). (Domperidone alone [J; domperidone in combination l;

ketoconazole alone O; ketoconazole in combination @)

The QTF results were remarkable. In men, all three
treatment regimens significantly increased QTF, whereas
in women neither single therapy nor the combination had
any significant effect. That difference between the men
and women was the reverse of what we expected. Other
drugs, such as quinidine and erythromycin, cause larger
increases in QT in women than in men, and there are physi-
ological reasons why women may be more susceptible
to QT prolongation [23]. As expected, we found that mean
QT.F at baseline was slightly longer (406 vs. 400 ms) in
women than in men, albeit not significantly so.

Although the susceptibility of women to drug-induced
prolongation of QT interval varies with phase of the men-
strual cycle, Rodriguez et al.[24] showed that ibutilide pro-
longs QT interval in women more than in men, irrespective
of phase of menstrual cycle.We found no pharmacokinetic
differences between men and women, for either domperi-
done or ketoconazole. Fewer women (n = 10) than men (n
= 13) took part in our study, and the sample size was small,
so our QT result in women might be a false negative.
In support of that notion, we found a similarly positive
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correlation between QT.F and plasma concentrations of
domperidone or ketoconazole in both men and women
(Figure 3). It is possible, therefore, that the QT interval was
systematically prolonged during placebo treatment, thus
obscuring any possible effects of the test drugs. There is
no obvious explanation for such a systematic difference
among treatments, given that the study was of an bal-
anced crossover design, both male and female subjects
were managed similarly, as regards days of admission to
the research ward, all ECGs were recorded using the same
type of machine and the same technicians and ECGs were
analyzed'blind’ by an external laboratory. However, only 10
women took part in the study, so the group size was small
and spuriously higher values of QT could have arisen by
chance alone. Further studies would be needed to show
whether women are truly less susceptible than men to QT.
prolongation induced by domperidone and ketoconazole.

Men on combination therapy at steady-state had sig-
nificantly longer QT than on placebo, irrespective of which
of three different formulae was used to correct QT for heart
rate. The highest mean increase in QT.F from placebo was



1590 ms (Figure2 and Table2, 95% Cl 12.47, 19.33;
P < 0.001). Ketoconazole given alone also increased QT.F
significantly (Figure 2 and Table 2: mean difference from
placebo 9.24 ms, 95% Cl 5.85, 12.63; P < 0.001). Domperi-
done given alone increased QT.F, but the difference
from placebo was smaller than that seen with ketoco-
nazole alone (Figure2 and Table2, mean difference
domperidone-placebo 4.20 ms, 95% ClI 0.77, 7.63; P =
0.017). The effect of domperidone on QT.F was less than
half that of ketoconazole, and the sum of the effects of
domperidone and ketoconazole was slightly less than the
effect of the combined treatments. Thus the interaction
between the two drugs was additive.

The potential for ketoconazole monotherapy to affect
cardiac repolarization has been noted by others [25, 26].
Studies in healthy men have shown that ketoconazole
prolongs QT. by an average of about 6 ms [27, 28]. For
those reasons, Sarapa et al.[28] proposed ritonavir instead
of ketoconazole as a CYP3A inhibitor for thorough QT
studies, because they found that ritonavir did not prolong
QT.

Most drugs that prolong QT do so by blocking the rapid
component (IKr) of the delayed rectifier potassium current
in cardiac conduction pathways, or by altering trafficking of
proteins forming the ion channel. Domperidone blocks IKr
in vitro, and, at concentrations of 100 nmol I (43 ng ml™),
prolongs cardiac repolarization by 25-30% [18]. That
concentration is below the mean Cn.x of domperidone
(67.8 ng ml™") in subjects on combination therapy in our
study. However, the in vitro data are misleading. Domperi-
done is 93% bound to plasma protein at concentrations up
to 100 ng ml™ in vivo, so the free concentration of the drug
is only about 7% of total [10]. The concentrations quoted
in studies in vitro usually represent unbound drug, so a
free concentration of 43 ngml™ corresponds to a total
plasma concentration of 860 ng ml™',much higher than the
maximum concentrations in our study.However, we cannot
exclude the possibility that ketoconazole affected the
protein binding of domperidone, yielding higher free con-
centrations of the drug. An increase in free domperidone
could also account for the apparent reduction of t,, of
domperidone by ketoconazole.

Increases in QT.F correlated positively with plasma con-
centrations of domperidone or ketoconazole in both men
and women, albeit weakly (Figure 3). However, the correla-
tion analysis was complicated by the fact that ketocona-
zole substantially increased plasma concentrations of
domperidone. As Figure 3 shows, plasma concentrations of
domperidone >30ng ml"' occurred almost exclusively
during combination therapy with ketoconazole. Correla-
tion analysis cannot tell us whether the increase in QT.F
was caused by the addition of ketoconazole or by the
increased concentrations of domperidone. Although the
model based means from the repeated measures ANCOVA
(Table 2) suggest that the sum of the separate effects of
domperidone and ketoconazole on QT in men was less

QT study of domperidone and ketoconazole BJCP

than the effect of combination treatment, that difference
was too small to allow a reliable conclusion.

In 2005, guidelines (ICH E14) were issued for assessing a
drug’s potential to prolong QT interval [29]. They recom-
mended that a ‘thorough QT study’ be done, preferably
in healthy volunteers, not only for new drugs, but also for
marketed drugs in the same pharmacologic class as
drugs associated with QT prolongation. Furthermore, if
drug plasma concentrations are increased by interactions
involving metabolizing enzymes, the effect on QT should
be assessed. Features of a thorough QT study include
investigation of the effects on QT of concentrations higher
than those after therapeutic doses, robust methods for
measuring QT interval and its correction for heart rate and
emphasis on analysis of drug effect throughout the dosing
interval by use of mean time-matched, baseline-corrected
differences from placebo. Our study, which was done
before ICH E14, meets the criteria of a thorough QT study.

ICH E14 defines a ‘negative thorough QT study’ as one
in which the largest baseline-subtracted, time-matched,
mean difference between drug and placebo is =5 ms, with
an upper bound of the 95% Cl of =10 ms [29]. We found
that, in both men and women, the maximum mean QT.
increase on domperidone alone compared with placebo
was >5 ms at some time points, but never exceeded 12 ms.
Therefore, according to ICH E14, ours is a borderline ‘posi-
tive’ QT study for domperidone monotherapy. However,
there have been remarkably few reports of serious cardiac
arrhythmias that might have been caused by domperi-
done, in spite of its wide use for more than 30 years in
many countries, often in high risk patient populations [30].
In the UK, pharmacovigilance data have raised no concern
about the cardiovascular safety of domperidone (MHRA,
personal communication). That is in sharp contrast with
the unfavourable pharmacovigilance data that led to the
withdrawal of other drugs that prolong QT, such as
cisapride [17].

According to ICH E14, ours is definitely a ‘positive’
QT study for the combination of ketoconazole and
domperidone. However, there have been no reports of an
interaction between ketoconazole and domperidone. Fur-
thermore, pharmacovigilance data have not identified
any cardiovascular concerns (MHRA, personal communica-
tion). Nevertheless, since we completed our study, the
datasheets for domperidone and ketoconazole have both
been amended to contraindicate their co-administration
[31]. Our results support that action.

In conclusion, the results of this study show that
co-administration of ketoconazole increased domperi-
done plasma concentrations about three-fold, probably
by inhibition of first-pass metabolism by CYP3A in the
intestine and the liver. The higher concentrations of dom-
peridone increased QT interval, at least in men. Ketocona-
zole probably also contributed to the QT prolongation.
Thus, domperidone and ketoconazole should not be
co-administered.
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