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Abstract
Background: Cyclosporine (CsA) is frequently responsible for hypertension in bone marrow transplant children. Calcium
channel blockers (CCBs) are considered to be the best treatment for CsA-induced hypertension, but they may alter the
exposure and the effect of CsA by inhibiting the CYP3A4 pathway of CsA metabolism or P-gp. However, the inhibitory effect
on CYP3A4 may vary among CCBs. Methods: This study aimed to quantify the pharmacokinetic drug-drug interaction
between CsA and nicardipine, amlodipine, and lacidipine. In all, 51 children who received CsA and CCB concomitantly
were included. Results: Dose-normalized CsA trough blood concentrations significantly increased in patients treated
with nicardipine and amlodipine, whereas they remained stable in patients treated with lacidipine. Conclusions: Because
lacidipine appears to have no effect on CsA exposure, it may be the best option among CCBs for treating high blood
pressure caused by CsA in children.
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Background
High blood pressure is a frequent adverse effect of immunosuppressive therapy by cyclosporine (CsA) in hematopoietic stem cell transplantation (HSCT).1 There are several
mechanisms involved in the pathogenesis of CsA-induced
hypertension, but the main alteration is a renal vasoconstriction resulting from endothelium disorders.2-4 The
increase in intracellular calcium caused by CsA plays an
essential role in the genesis of vasoconstriction.5 As a consequence, calcium channel blockers (CCBs) are viewed as
the first option to treat high blood pressure caused by CsA.6
Among the numerous CCBs on the market, only nicardipine is available for intravenous (IV) administration, and
it is generally used in children when rapid action is needed.
All other CCBs are given orally, with amlodipine being the
most frequently used CCB in children.7-10
CCBs are metabolized by cytochrome P450 3A4
enzymes (CYP3A4) and also have an inhibitory effect on
CYP3A4, which varies from one agent to another.11-13
Inhibition of CYP3A4 by CCBs may lead to a reduced
clearance of coadministered drugs also metabolized by
CYP3A4 such as CsA, which is commonly used to prevent
graft-versus-host disease (GVHD) in HSCT. Indeed, CsA is
mainly metabolized by liver and intestinal CYP3A4 and is

also a P-glycoprotein substrate.14 Among the available
CCBs, nicardipine has been shown to have the strongest
inhibition potential on CYP3A4, followed by lercanidipine,
cilnidipine, nimodipine, and amlodipine.13 Among the
weakest CYP3A4 inhibitors, lacidipine is the only one
available in France (not in the United States) as a suitable
formulation for pediatric use (tablets with immediate release
can be crushed to prepare low-dosage capsules).13

Objectives
For the reasons cited above, lacidipine was introduced in
our hospital to treat high blood pressure in HSCT children
receiving CsA to prevent GVHD. However, no data are
available on the magnitude of drug interactions between
CCBs and CsA in pediatrics. The aim of this study was to
report and quantify pharmacokinetic interactions between
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Table 1. Variations in CsA TBCs to Dose-Normalized CsA Ratio Associated With CCB Treatment.
CCB
Nicardipine (n = 17)
Amlodipine (n = 16)
Lacidipine (n= 18)

TBC/Dose Ratio Before Starting
CCBs

TBC/Dose Ratio After 3-7 Days
of CCB Therapy

P (Wilcoxon)

43.6 ± 33.4
34.3 ± 27.1
34.3 ± 15.2

71.8 ± 45.9
58.0 ± 46.4
36.0 ± 19.0

<0.001
0.001
0.500

Abbreviations: CCB, calcium channel blockers; CsA, cyclosporine; TBC, trough blood concentration.

the CCBs—that is, nicardipine, amlodipine, lacidipine, and
CsA.

Methods

patient to control CsA blood concentration over the study
period. Target TBC was set at 120 to 150 ng/mL in patients
without GVHD and 150 to 200 ng/mL in case of GVHD
occurrence, depending on GVHD severity.13

Design

Outcome

This was a retrospective analysis of data from children who
received allogeneic stem cell transplantation between 2000
and 2012 in our institution.

Because of those individual changes of CsA dose over the
study period, we did not examine actual CsA trough concentrations but dose-normalized trough concentrations,
expressed by the ratio of CsA TBC (in ng/mL) over CsA
daily dose (in mg/kg). Daily doses were expressed per kilogram of actual body weight, which may also have changed
a little over the study period for some patients. Although the
unit of dose-normalized TBC is 10-6 g kg mL-1, these values
are reported without units throughout this article for ease of
reading. Dose-normalized TBCs were compared before and
after the introduction of CCBs using the Wilcoxon signed
rank test for matched samples, with statistical significance
set at a P value of 5%.
The impact of CCBs on therapeutic drug monitoring was
assessed by comparing the mean percentage of deviation
between measured TBC and individual target TBC values
(which were as follows: in patients without GVHD transplanted for malignant and nonmalignant diseases, 120 and
150 ng/mL, respectively; in patients with grade I, II, and
III-IV GVHD, 150, 180, and 200 ng/mL, respectively).

Participants and Setting
All patients under CsA who received concomitant CCBs
were included. IV nicardipine was used when blood pressure was life threatening, as emergency treatment. The firstused oral CCB was amlodipine. It has been replaced by
lacidipine from 2008 to avoid drug-drug interactions mediated by CYP3A4. Initial CCB dosage regimens used were
0.05 mg/kg/h for nicardipine, 0.15 mg/kg/d for amlodipine,
and 0.05mg/kg/d for lacidipine. For each CCB, the dose
was increased gradually until effective control of hypertension was achieved.
Exclusion criteria were (1) unknown date of CCB introduction, (2) treatment with other known CYP3A4 inhibitors
(eg, azole antifungals, macrolide antibiotics) or inducers,
and (3) switch from the IV to the oral route for CsA during
CCB therapy.

Results

Interventions
Trough blood concentrations (TBCs) of CsA were measured
twice weekly during the first month posttransplantation and
then once weekly by antibody-conjugated magnetic immunoassay (ACMIA).15 Blood sampling was always performed
on peripheral venous sites to avoid bias caused by contamination of the central catheter in which CsA was administered. CsA dosing regimens were individually adjusted by
using a Bayesian approach described elsewhere.16 CsA
trough blood levels at the steady state were available for all
patients before CCB introduction. At the time of CCB onset,
patients could receive CsA either intravenously or orally.
CsA TBCs were measured for all patients within the first
week (between day 3 and day 7) after CCBs were started.
Slight dose adjustments may have been performed for each

Number of Participants
In all, 51 transplanted children (from 2 months to 17 years
old) receiving CsA were included in the study. They were
concomitantly treated with CCBs as follows: 17 received
nicardipine (10 male [M], 7 female [F] patients; age: 4.8 ±
5.7 years), 16 received amlodipine (8 M, 8 F; age = 3.9 ±
4.0 years), and 18 received lacidipine (10 M, 8 F; age = 6.2
± 4.5 years).

Outcome
Dose-normalized TBCs over the study period are reported
in Table 1. The TBC/dose ratio at baseline appears to be
higher for nicardipine than for amlodipine or lacidipine,
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Table 2. Deviation (Dev) Between Measured CsA TBCs and Target TBC Values Associated With CCB Treatment.
CCB
Nicardipine (n = 17)
Amlodipine (n = 16)
Lacidipine (n = 18)

Dev Before Starting
CCBs (%)

Dev After 3 to 7 Days of
CCB Therapy (%)

P (Wilcoxon)

19.8 ± 17.7
15.5 ± 12.5
20.8 ± 19.2

58.4 ± 53.1
46.0 ± 46.2
25.9 ± 25.8

0.010
0.014
0.432

Abbreviations: CCB, calcium channel blockers; CsA, cyclosporine; TBC, trough blood concentration.

although the differences were not significant (KruskalWallis, P = 0.407). Nevertheless, this could be explained by
higher blood pressure (probably related to higher CsA blood
concentrations), justifying the use of IV CCB (nicardipine)
in the emergency setting. The mean dose-normalized TBCs
significantly increased after 3 to 7 days in patients treated
with nicardipine and amlodipine but not in those who
received lacidipine. The mean percentage of increase in CsA
dose-normalized TBC was 86.5%, 74.3%, and 5.1% for
nicardipine, amlodipine, and lacidipine, respectively.
Intrapatient variability in dose-normalized TBCs over the 3
weeks before introduction of CCB treatment was much
lower (4.7 ± 2.6) than the alteration observed after nicardipine or amlodipine introduction. The increase in CsA mean
dose-normalized TBC associated with amlodipine was significant irrespective of CsA administration route (IV CsA,
n = 9, P = 0.015; oral CsA, n = 7, P = 0.018). It was 24%
higher when CsA was administered orally than intravenously (po CsA: 23 ± 6 and 43 ± 22, respectively, before and
after amlodipine; IV CsA: 43 ± 34 and 70 ± 57, respectively,
before and after amlodipine). Obviously, the small number
of patients in each group makes it difficult to arrive at any
conclusion, even though a major involvement of intestinal
CYP3A4 inhibition could be suspected. The influence of
CsA administration route could not be statistically examined
for nicardipine because only 4 patients in this group received
oral CsA. Lacidipine did not significantly increase CsA
mean dose-normalized TBC in children who received CsA
by both the IV (P = 0.937) and oral routes (P = 0.249).
The magnitude of the drug-drug interaction in each
group was not correlated with age (Spearman’s rank correlation: nicardipine, P = 0.948; amlodipine, P = 0.130; lacidipine, P = 0.522).
Deviations of CsA TBC from target values are given in
Table 2. Only lacidipine had no impact on the mean deviation magnitude and, therefore, did not increase the number
of patients out of the target range. In the majority of patients
with CSA concentrations within the therapeutic range before
CCB administration, time to achieve target CSA concentrations again after CCB introduction exceeded 1 week.

Limitations
As specified above, this study was retrospective. Treatment
allocation was not randomized. The repartition of patients

between groups depended on historical changes in
practices.

Conclusions
CCBs, especially those from the dihydropyridine class, are
widely used to treat high blood pressure induced by CsA.
Most of them, especially those authorized in children, are
inhibitors of CYP3A4, which is a key pathway of CsA
metabolism. They are also possible inhibitors of
P-glycoprotein. As a result, coadministration of CCB with
CsA may lead to an increase in CsA blood concentrations.
This change in CsA exposure can be managed by appropriate therapeutic drug monitoring and dosage adjustment in
clinical practice. However, the time necessary to reach target blood concentrations may be longer, compromising the
efficiency of CsA treatment. Indeed, the exposure to target
CsA blood concentration is essential in order to obtain mild
GVHD in leukemia patients (graft-versus-leukemia effect)
and no GVHD in others.17-20 Moreover, CCB-induced
decrease in CsA metabolism may alter the contribution of
active metabolites in the immunosuppressive effect of CsA
and possibly change the pharmacological profile of the
drug.21 Thus, treating hypertension with a drug that increases
CsA blood levels may consequently enhance hypertension
and would thus not be suitable.1 The identification of the
safest CCB regarding potential drug-drug interactions with
CsA is desirable in HSCT children.
This report examined the influence of 3 CCBs on CsA
exposure in children from 2 months to 17 years old.
Although drug-drug interactions between CsA and some
calcium antagonists are well documented in adults, information regarding children is poor. Extrapolation of drug
interaction data from adults to children may not be valid
because of particular susceptibility of children to drug-drug
interactions caused by ontogeny of metabolic pathways and
drug transporters.22,23
In this study, a significant increase in CsA dose-normalized TBC was observed in children who were coadministered amlodipine and nicardipine, whereas no significant
change in dose-normalized CsA TBCs was observed in children who received lacidipine.
Published data on amlodipine-CsA drug interaction are
conflicting. Some studies have suggested no significant
interaction between amlodipine and CsA.24-27 However,
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those study conclusions are undermined by important flaws
in data collection and analysis such as (1) sparse timing of
CsA monitoring around amlodipine introduction, (2) lack of
matched samples for all patients, and (3) pooled data analysis. In a well-designed study, Pesavento et al28 showed a
40% increase in CsA blood concentrations in renal transplant adults treated by amlodipine during several weeks,
with a return to initial values after amlodipine withdrawal.
These results have been confirmed in a recent study.29 In
our study, the average increase in CsA exposure associated
with amlodipine introduction was 74%, but large interpatient variability was observed in this effect. Indeed, one
patient had no change of dose-normalized TBC, 6 patients
showed an increase of less than 50%, and 5 patients showed
an increase of more than 100%.
The interaction between CsA and nicardipine appears to
be less controversial in the literature, with an average
increase in CsA blood concentrations of 80% associated
with this CCB.30-32 The latter is in agreement with our findings. Effectively, nicardipine appears to have the strongest
CYP3A4 inhibition potency among CCBs.12 The large
magnitude of blood concentration increase observed with
nicardipine may also be the result of P-gp inhibition. Indeed,
nicardipine is one of the strongest P-gp inhibitors among
CCBs.33
Scarce data are available regarding the interaction
between lacidipine and CsA. Two studies that included 10
and 59 renal transplant adults did not find any significant
influence of lacidipine on CsA blood concentrations.34,35
However, in both studies, a pooled analysis of CsA blood
levels before and after lacidipine introduction was performed, which undermines the conclusion. Our results suggest the lack of pharmacokinetic interaction between
lacidipine and CsA. This is in agreement with in vitro
results from Xia et al13 who measured a relatively high
CYP3A4 inhibition constant (Ki) for lacidipine, suggesting
little or no inhibition potency.
This analysis has several limitations that should be considered, including (1) the uncontrolled, retrospective
design; (2) lack of patients’ full pharmacokinetic profile of
CsA; and (3) the limited sample size. Interaction of CCBs
with CYP3A4 might not be the only mechanism of interaction. But the design of the study did not allow us to determine the quantitative involvement of transporter inhibition
by CCBs.
Furthermore, as well as being a substrate, CsA is also an
inhibitor of both CYP3A4 and transporters such as
P-glycoprotein and OATP.36 A potential interaction of CsA
with CCBs could be expected, as already observed.37
However, the magnitude of the interaction on transporters
depends on the subsequent concentration reached in the gut
wall, the inhibition potency toward the different transporters, and the mechanism of inhibition.38 So the impact of
inhibition of CCB transport by CsA on their pharmacokinetics might be different for each CCB and could even be

minor compared to CYP3A4 inhibition.39 These issues were
not studied in this work.
To our knowledge, this is the first analysis of the influence of several CCBs on CsA exposure in children. Our
results suggest that lacidipine may be the best option among
CCBs to treat high blood pressure related to CsA in children
because of the lack of significant drug interaction with CsA.
If nicardipine or amlodipine are chosen or are the only
options available, our findings indicate that increased CsA
monitoring is required. In contrast, the absence of drug
interaction between lacidipine and CsA may facilitate this
monitoring and help keep individual patients’ exposure
within the target range.
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