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Abstract: Purpose: The mutation frequency of the CYP3A4 *18B genetic polymorphism is relatively high in Asian
populations. The influence of this polymorphism on the pharmacokinetics of cyclosporine A (CsA) is controversial. We
investigated the association between the CYP3A4 *18B polymorphism and CsA pharmacokinetics in Chinese renaltransplant recipients. Methods: A literature search was conducted in PubMed, the Cochrane Library, EMBASE and
the Chinese Wanfang database. Three studies involving 232 recipients were studied. Results: Our results showed
a significant difference in the mean CsA dose-adjusted peak concentration (C2) between carriers of CYP3A4 *1/*1
and carriers of CYP3A4 *18B (standard mean difference (SMD), 0.26; 95% confidence interval (95% CI), 0.08-0.44;
P=0.005). Compared with subjects with CYP3A4 *1/*18B (AG)-CYP3A5 *1/*3 (AG) or CYP3A4 *18B/*18B (AA)CYP3A5 *1/*1 (AA), a significantly higher CsA dose-adjusted C2 was required in recipients with CYP3A4 *1/*1 (GG)
-CYP3A5 *3/*3 (GG) when pooled data were evaluated regardless of post-transplant time points (SMD, 0.22; 95%
CI, 0.03-0.42; P=0.027). Conclusions: These findings suggest that, relative to carriers of CYP3A4 *18B, recipients
with CYP3A4 *1/*1 (especially those carrying CYP3A4 *1/*1 and CYP3A5 *3/*3) require a lower maintenance
dose to achieve target CsA concentrations in blood 1 month after transplantation.
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Introduction
The calcineurin inhibitor cyclosporine-A (CsA) is
the most frequently used maintenance immunosuppressive agent for prevention of allograft
rejection after solid-organ transplantation [1].
CsA is characterized by a narrow therapeutic
index and high pharmacokinetic variations
between individuals. Therefore, blood concentrations of CsA must be monitored to improve
efficacy and minimize toxicity [2]. Multiple factors contribute to the difficulties in attaining a
defined therapeutic range of CsA levels in
blood, including genetic and non-genetic (e.g.,
environment, allograft function, diets, drug
interactions) factors [3].
Single nucleotide polymorphisms (SNPs) located in genes responsible for the proteins/
enzymes involved in the transport/metabolism
of drugs have been suggested to have critical

roles in CsA pharmacokinetics after kidney
transplantation [4, 5]. Among these genes,
cytochrome P450 3A (CYP3A), which is distributed mainly in liver microsomes, is believed to
have a major role in CsA metabolism [6]. SNPs
in CYP3A4 and CYP3A5 (the two main CYP3A
isoforms in adults) are rare, especially in
Chinese populations. Of these SNPs, only the
mutation frequency of CYP3A4 *18B and
CYP3A5 *1 are relatively high in Chinese populations, and could contribute to differences in
CsA metabolism among recipients [7, 8]. The
SNP CYP3A4 *18B (a novel SNP in intron 10 of
CYP3A4) is characterized by a G→A substitution at position 82266 [9]. Several studies have
shown that this SNP contributes to the variable
pharmacokinetics of Cs in Chinese subjects,
and the nucleotide mutant has been speculated to be associated with the increased activity
of CYP3A4 [9-12]. However, the effect of the

CYP3A4*18B polymorphism in Chinese renal transplant recipients
(“18B”). Moreover, the reference lists of all studies included in the meta-analysis, as
well as the abstracts of annual
meetings of the American
Society of Nephrology, the International Transplant Society
and the European Dialysis and
Transplantation Association,
were reviewed. If there were
more than one articles published with the same content,
we will choose the most complete one.
Inclusion and exclusion criteria
Two main criteria were used to
include relevant studies: (i) a
case-control or cohort study
designed to investigate the
influence of the specific gene
Figure 1. Flow diagram
polymorphism CYP3A4 *18B
of eligible studies.
on CsA pharmacokinetics in
de novo or secondary RTRs;
(ii) trough or peak concentrations of CsA in blood were
measured separately in subjects with three
CYP3A4 *18B genetic polymorphism on trough
genotypes or separately in *1/*1 and *1/*18B
and peak concentrations of CsA in the blood in
+ *18B/*18B genotypes. According to the cripatients who have received a renal transplant
teria shown above, two authors (LK and LXZ)
is still unclear.
assessed and selected trials for the final analyThe objective of our meta-analysis was to invessis independently, with divergences resolved by
tigate the relationship between CYP3A4 *18B
consensus. Studies with insufficient data for
genetic polymorphisms and CsA pharmacokipooling that with no frequencies of genotypes
netics in adult renal-transplant recipients
for each polymorphism and outcome were
(RTRs).
excluded.
Methods and materials

Data extraction and quality assessment

Literature search

Relevant data from all relevant studies were
extracted independently by two reviewers (SG
and LXZ), and discrepancies in data extraction
were resolved through consensus. The following information was collected: first author; ethnicity; publication year; study design; demographic data; immunosuppression protocol;
Hardy-Weinberg equilibrium of genotype distribution; CsA dose; trough/peak concentrations
of CsA; method of genotype measurement;
genotype frequency; dose-adjusted trough concentration (C0) and peak (C2) concentration in
blood (C0/dose and C2/dose). For continuous
data, information was collected as the mean ±

A comprehensive literature search was conducted in PubMed, the Cochrane Central
Register of Controlled Trials (CENTRAL), Embase
and the China CNKI database (updated on 1st
Augest 2016) to identify all potential studies by
two independent authors (LK and LXZ). The following search items were used: (mesh items,
“kidney transplantation”), and (“genetic polymorphisms” or “single nucleotide polymorphism” or “SNP” or “gene mutation” or “genetic
variants”), and (“cyclosporine” or “cyclosporine
A” or “CsA” or “Nerol”), and (“CYP3A4”), and
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Table 1. Basic characteristics of eligible studies
Author Year Country

Case Age (mean Males Weight (mean Genetic Genotype CsA meanumber ± SD, years) (%)
± SD, kg) equilibrium method surement

ISD therapy

XY Qiu

2008

China

103

40±10

70.87

59±11

Yes

PCR-RFLP

FPIA

CsA + MMF + corticosteroids

YF Hu

2009

China

63

42.7±13.2

65.08

56.4±11.0

Yes

PCR-RFLP

FPIA

CsA + MMF + corticosteroids

DY Li

2013

China

66

37.2±8.1

84.33

NA

Yes

PCR-RFLP

EMIT

CsA + MMF + corticosteroids

CsA, cyclosporine-A; MMF, mycophenolate mofetil; ISD, immunosuppressive drugs; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; FPIA,
fluorescence polarization immunoassay; EMIT, enzyme multiplied immunoassay technique; NA, not available.

Table 2. Quality assessment of eligible studies
Author
XY Qiu
YF Hu
DY Li

Ascertainment Ascertainment Quality control
of cases
of control
of genotyping
Yes
Yes
Yes
Yes
Yes
NA
Yes
Yes
Yes

Population
stratification
Yes
Yes
Yes

Confounding
Selective
bias
ouctome report
Yes
Yes
Yes
Yes
Yes
Yes

HWE
Yes
Yes
Yes

Abbreviations: HWE, Hardy-Weinberg equilibrium; NA, not available.

SD. If data were expressed as subjects with
three genotypes, statistical methods from the
Cochrane Handbook [13] were used to estimate the mean ± SD.
The quality assessment for included studies
was also performed independently by two
authors (LK and LXZ). A modified method based
on both traditional epidemiologic considerations and genetic issues which was developed
by Thakkinstan et al. [14] was applied. Five
domains including information bias, confounding bias, selective reporting of outcomes, population stratification and assessment of HardyWeinberg equilibrium (HWE) in the control
group were assessed for all studies included in
our analysis. Disagreement was resolved by
third author (XZY).
Statistical analyses

employed to analyze publication bias, which
was considered to be present at P<0.05.
Sensitivity analysis was also undertaken to
evaluate the stability of the meta-analysis.
Briefly, a new analysis was conducted by omitting one study at a time to test its influence on
the overall estimate. In addition, subgroup
analysis was performed for all the outcomes of
the review based on the following variables:
time course of CsA administration after kidney
transplantation, C0 and C2 of CsA concentrations, methodological quality and participants
under 15 years old. Interaction tests were
made to evaluate the differences among
subgroups.
Results
Literature search and included studies

All statistical analyses were done using Stata
v12.0 (Stata, College Station, TX, USA). Association between the CYP3A4 *18B polymorphism and CsA pharmacokinetics was evaluated using the standard mean difference (SMD)
with 95% confidence intervals (95% CIs).
P<0.05 was considered significant. Q and I2
statistic tests were used to evaluate heterogeneity, which was defined as: 100% × (Q-df)/Q

Our initial literature search identified 14 citations from electronic databases. Four remaining studies were considered to be “potentially
eligible” after removal of duplicates and screening for titles and abstracts. Then, the full text of
these studies was accessed, and study details
evaluated. Only three studies [16-18] involving
232 RTRs were included in the further metaanalysis (Figure 1).

Where Q is Cochran’s heterogeneity statistic
and df is the degrees of freedom, with a fixedeffect model set at low statistical inconsistency
(I2<25%). Otherwise, we selected a randomeffects model, which is better adapted to clinical and statistical variations [15]. Egger’s
regression test and the Begg’s test were

Characteristics of eligible studies are summarized in Table 1. Mean age of recipients was
37.2-42.7 years and 73.9% were male. All
patients in our meta-analysis were Chinese.
Polymerase chain reaction-restriction fragment
length polymorphism was undertaken to determine the CYP3A4 *18B genotype and genotype
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Figure 2. Forest plot of the association between CsA metabolism and the CYP3A4 *18B genetic polymorphism. A.
Forest plot of pooled data showed that no significant difference was found in the pooled mean CsA dose-adjusted
C0 concentration between CYP3A4 carriers of *1/*1 and carriers of CYP3A4 *18B. B. Forest plot of pooled results
when all studies were combined in our initial analysis regardless of the post-transplant time-courses showed that
there was a significant difference in the mean CsA dose-adjusted C2 concentration between carriers of CYP3A4
*1/*1 and carriers of CYP3A4 *18B.

Table 3. Statistical results of the meta-analysis
Time
point
CYP3A4 *1/*1 vs. CYP3A4
*1/*18B + CYP3A4 *18B/*18B

C0/D
SMD

C2/D
P

95% CI

SMD

95% CI

P

(Weeks)
1
2
4
Total

-0.55
-0.022
0.057
-0.13

(-0.88 to -0.22) 0.001 0.12 (-0.19 to 0.44) 0.45
(-0.34 to 0.29) 0.89 0.31 (-0.011 to 0.62) 0.059
(-0.21 to 0.32) 0.68 0.36 (0.036 to 0.68) 0.029
(-0.31 to 0.042) 0.14 0.26 (0.077 to 0.44) 0.005

1
2
4
total

0.031
0.15
0.066
0.080

(-0.31 to 0.37)
(-0.19 to 0.49)
(-0.23 to 0.36)
(-0.11 to 0.27)

CYP3A4 *1/*1-CYP3A5 *3/*3 vs.
CYP3A4 *1/*18B-CYP3A5 *1/*3 +
CYP3A4 *18B/*18B-CYP3A5 *3/*3
0.86
0.39
0.66
0.40

0.19
0.14
0.34
0.22

(-0.15 to 0.53) 0.27
(-0.20 to 0.48) 0.42
(-0.007 to 0.68) 0.055
(0.025 to 0.42) 0.027

C0/D, dose-adjusted trough concentration of cyclosporine-A; C2/D, dose-adjusted peak concentration of cyclosporine-A; SMD,
standard mean difference; 95% CI, 95% confidence interval.

distribution in accordance with the HardyWeinberg equilibrium in all three eligible studies. CsA was administered twice daily. C0 measurements were made before the morning dose
and C2 assessed 2 h after administration of the
morning dose. Principal CsA-based immunosuppressive therapies contained mycophenolate mofetil and corticosteroids. Besides,
results of quality assessments for all eligible
studies are presented in Table 2.
Meta-analysis of CYP3A4 *18B polymorphism
on CsA pharmacokinetics
Results derived from the meta-analysis of CsA
dose-adjusted C0 and C2 as well as the CYP3A4
*18B genotype are shown in Figure 2 and
Table 3, respectively. When all studies were
combined in our initial analysis, regardless of
the post-transplant time-courses, there was a
significant difference in the mean CsA doseadjusted C2 concentration between carriers of
CYP3A4 *1/*1 and carriers of CYP3A4 *18B
(standard mean difference (SMD), 0.26; 95%
CI, 0.08 to 0.44, P=0.005) (Figure 2B). Subgroup analysis for different time points after
kidney transplantation revealed a significant
difference in the mean CsA dose-adjusted C2
867

concentration during 4 weeks between carriers
of CYP3A4 *1/*1 and carriers of CYP3A4 *18B
(SMD, 0.36; 95% CI, 0.04 to 0.67; P=0.029),
but not in the mean CsA dose-adjusted C2 concentration during 1 week or 2 weeks (1 week:
0.12, -0.19 to 0.44, 0.45; 2 weeks: 0.31, -0.01
to 0.62, P=0.059). However, no significant difference was found in the pooled mean CsA
dose-adjusted C0 concentration between CYP3A4 carriers of *1/*1 and carriers of CYP3A4
*18B (SMD, -0.13, 95% CI, -0.31 to 0.04;
P=0.14) (Figure 2A). In the subgroup analysis
for post-transplant time-courses, despite a significant difference at 1 week (SMD, -0.55; 95%
CI, -0.88 to -0.22; P=0.001), there was no significant difference in mean CsA dose-adjusted
C0 concentration between carriers of CYP3A4
*1/*1 and carriers of CYP3A4 *18B at 2 weeks
or 4 weeks (2 weeks: -0.02, -0.34 to 0.29, 0.89;
2 weeks: 0.06, -0.21 to 0.32, 0.68).
Synergistic effect of CYP3A5 *3 and CYP3A4
*18B polymorphisms on CsA pharmacokinetics
Next, we evaluated the combined effect of polymorphisms of CYP3A4 18B and CYP3A5 *3 on
CsA dose-adjusted trough and peak concentraInt J Clin Exp Med 2017;10(1):863-871
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Figure 3. Forest plot of the combined effect of CYP3A4 *18B and CYP3A5 *3 on CsA pharmacokinetics. A. Forest
plot of pooled results showed that no significant difference was found in the subgroup analysis of the dose-adjusted
C2 concentration among various time points or meta-analysis of the CsA dose-adjusted C0 concentration. B. Forest
plot of pooled data showed that when compared with subjects with CYP3A4 *1/*18B (AG)-CYP3A5 *1/*3 (AG) or
CYP3A4 *18B/*18B (AA) -CYP3A5 *1/*1 (AA), a significantly higher CsA dose-adjusted C2 was required in a recipient with CYP3A4 *1/*1 (GG)-CYP3A5 *3/*3 (GG) when pooled data were evaluated regardless of post-transplant
time points.

tions in Chinese RTRs (Figure 3 and Table 3).
Compared with subjects with CYP3A4 *1/*18B
(AG)-CYP3A5 *1/*3 (AG) or CYP3A4 *18B/*18B
(AA)-CYP3A5 *1/*1 (AA), a significantly higher
CsA dose-adjusted C2 was required in a recipient with CYP3A4 *1/*1 (GG)-CYP3A5 *3/*3
(GG) when pooled data were evaluated regardless of post-transplant time points (SMD, 0.22;
95% CI, 0.03 to 0.42; P=0.027) (Figure 3B). No
significant difference was found in the subgroup analysis of the dose-adjusted C2 concentration among various time points or metaanalysis of the CsA dose-adjusted C0 concentration (SMD, 0.08; 95% CI, -0.11-0.27; P=0.40)
(Figure 3A).
Discussion
The findings in our meta-analysis suggested
that CYP3A4 *18B polymorphisms significantly
influenced the pharmacokinetics of CsA in
Chinese RTRs. Also, we identified a significant
synergistic effect of polymorphisms of CYP3A4
*18B and CYP3A5 *1 on CsA pharmacokinetics in Chinese RTRs.
In all included studies, subjects carrying
CYP3A4 *1/*1 (especially if combined with the
mutant genotype of CYP3A5 *3/*3) had a higher dose-adjusted CsA peak concentration in
total pooled data and subgroups at 4 weeks.
Therefore, such patients may require a relatively lower daily dose of CsA within the first month
after transplantation. These findings suggest
that, relative to carriers of CYP3A4 *18B,
CYP3A4 *1/*1 recipients (especially those carrying CYP3A4 *1/*1 and CYP3A5 *3/*3)
required a lower maintenance dose to achieve
target CsA concentrations in blood 1 month
after transplanation.
CsA is a substrate of CYP3A and P-glycoprotein,
which restricts CsA absorption by active extrusion from the interior of enterocytes back into
the lumen of the small intestine [16, 19, 20]. In
addition, CYP3A is involved in reducing the oral
bioavailability of CsA by intestinal and hepatic
metabolism, and then accelerating CsA secre869

tion into bile (which is mainly responsible for
the systemic clearance of CsA [21, 22]. SNPs in
CYP3A4 and CYP3A5 (the two main isoforms in
adults) have varying effects on CsA metabolism. Thus, adjustment of initial and maintenance doses based on CYP3A4 and CYP3A5
genotypes could help to achieve target levels of
CsA in blood and avoid CsA-related toxicity.
CYP3A4 *18B is considered to be the highest
mutation in all the CYP3A4 identified in Chinese
populations. Hence, studying the influence of
CYP3A4 *18B on CsA pharmacokinetics in
Chinese RTRs is very important.
In many centers, monitoring of C0 is used to
evaluate CsA metabolism in vivo. However, several studies have demonstrated C2 to be superior to C0 as a sensitive biomarker for CsA exposure and evaluation of rejection risk [23-25]. In
our study, C2/D (rather than C0/D) displayed a
significant difference between carriers of
CYP3A4 *18B and subjects with CYP3A4
*1/*1. This phenomenon could be explained
by the fact that mutations in CYP3A4 *1 to
CYP3A4 *18B may increase the activity of the
CYP3A4 enzyme and then accelerate the
metabolism and secretion of CsA. Hu et al. [10]
reported that, except for no significant difference between carriers of CYP3A4 *1/*1 and
carriers of CYP3A4 *1/*18B, carriers of
CYP3A4 *18B/*18B showed lower oral exposure to Cs than carriers of CYP3A4 *1 in healthy
Chinese subjects. Those observations are in
accordance with the findings reported by Tao et
al. [26] and our findings.
Influence of CYP3A5 *3 on CsA pharmacokinetics in RTRs has been determined by Zhu et al.
[27]. However, the combined effect of CYP3A5
*3 and CYP3A4 *18B on CsA metabolism in
Chinese RTRs is not known. Here, we discovered that recipients with CYP3A4 *1/*1 and
CYP3A5 *3/*3 displayed significantly lower C2
levels than carriers of CYP3A4 *18B or carriers
of CYP3A5 *1. These data suggest that, in the
presence of CYP3A4 *18B, the effect of
CYP3A5 becomes negligible and CYP3A4 *18B
may have a more dominant role than CYP3A5
Int J Clin Exp Med 2017;10(1):863-871
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*3 in modulation of CsA pharmacokinetics in
Chinese RTRs.
Our meta-analysis had two main limitations.
First, we failed to carry out sensitivity analyses
and to assess publication bias. Second, due to
a lack of original information for each study and
a small number of trials, subgroup analyses
(e.g., immunosuppressive protocol and ethnicity), rather than different post-transplant time
points, could not be undertaken.
Conclusion
Our meta-analysis involving 232 Chinese RTRs
suggested that subjects with CYP3A4 *1/*1
(especially those with the CYP3A5 *3/*3 genotype) are associated with higher peak concentrations of CsA in blood and require a lower
daily dose of CsA in the first month after
transplantation.

[5]

[6]

[7]

[8]

Acknowledgements
We would like to thank the native English speaking scientists of Elixigen Company (Huntington
Beach, California) for editing our manuscript.

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Junsong Meng and
Zongyuan Xu, Department of Urology, Huai’an First
People’s Hospital, Nanjing Medical University,
Huai’an 223300, China. Tel: +86 025 68136851;
E-mail: w675921038@126.com (JSM); w541003954@126.com (ZYX)

[10]

[11]

References
[1]

[2]
[3]

[4]

870

Molnar AO, Fergusson D, Tsampalieros AK,
Bennett A, Fergusson N, Ramsay T and Knoll
GA. Generic immunosuppression in solid organ transplantation: systematic review and
meta-analysis. BMJ 2015; 350: h3163.
Hesselink DA, Smak Gregoor PJ and Weimar W.
The use of cyclosporine in renal transplantation. Transplant Proc 2004; 36: 99S-106S.
Thervet E, Anglicheau D, Legendre C and
Beaune P. Role of pharmacogenetics of immunosuppressive drugs in organ transplantation.
Ther Drug Monit 2008; 30: 143-150.
Lee J, Wang R, Yang Y, Lu X, Zhang X, Wang L
and Lou Y. The effect of ABCB1 C3435T polymorphism on cyclosporine dose requirements
in kidney transplant recipients: a meta-analysis. Basic Clin Pharmacol Toxicol 2015; 117:
117-125.

[12]

[13]

[14]

Sharaki O, Zeid M, Moez P, Zakaria NH and
Nassar E. Impact of CYP3A4 and MDR1 gene
(G2677T) polymorphisms on dose requirement of the cyclosporine in renal transplant
Egyptian recipients. Mol Biol Rep 2015; 42:
105-117.
Xin HW, Liu HM, Li YQ, Huang H, Zhang L, Yu AR
and Wu XC. Association of CYP3A4 *18B and
CYP3A5 *3 polymorphism with cyclosporinerelated liver injury in Chinese renal transplant
recipients. Int J Clin Pharmacol Ther 2014; 52:
497-503.
Meng XG, Guo CX, Feng GQ, Zhao YC, Zhou BT,
Han JL, Chen X, Shi Y, Shi HY, Yin JY, Peng XD,
Pei Q, Zhang W, Wang G, He M, Liu M, Yang JK
and Zhou HH. Association of CYP3A polymorphisms with the pharmacokinetics of cyclosporine A in early post-renal transplant recipients
in China. Acta Pharmacol Sin 2012; 33: 15631570.
Song J, Kim MG, Choi B, Han NY, Yun HY, Yoon
JH and Oh JM. CYP3A5 polymorphism effect on
cyclosporine pharmacokinetics in living donor
renal transplant recipients: analysis by population pharmacokinetics. Ann Pharmacother
2012; 46: 1141-1151.
Liao Q, Chen DJ, Zhang F, Li L, Hu R, Tang YZ,
Ou-Yang W and Huang D. Effect of CYP3A4
*18B polymorphisms and interactions with
OPRM1 A118G on postoperative fentanyl requirements in patients undergoing radical gastrectomy. Mol Med Rep 2013; 7: 901-908.
Hu YF, Tu JH, Tan ZR, Liu ZQ, Zhou G, He J,
Wang D and Zhou HH. Association of CYP3A4
*18B polymorphisms with the pharmacokinetics of cyclosporine in healthy subjects. Xenobiotica 2007; 37: 315-327.
Qiu F, He XJ, Sun YX, Li-Ling J and Zhao LM.
Influence of ABCB1, CYP3A4 *18B and
CYP3A5 *3 polymorphisms on cyclosporine A
pharmacokinetics in bone marrow transplant
recipients. Pharmacol Rep 2011; 63: 815825.
Fukushima-Uesaka H, Saito Y, Watanabe H,
Shiseki K, Saeki M, Nakamura T, Kurose K, Sai
K, Komamura K, Ueno K, Kamakura S,
Kitakaze M, Hanai S, Nakajima T, Matsumoto
K, Saito H, Goto Y, Kimura H, Katoh M, Sugai K,
Minami N, Shirao K, Tamura T, Yamamoto N,
Minami H, Ohtsu A, Yoshida T, Saijo N,
Kitamura Y, Kamatani N, Ozawa S and Sawada
J. Haplotypes of CYP3A4 and their close linkage with CYP3A5 haplotypes in a Japanese
population. Hum Mutat 2004; 23: 100.
Higgins JPT GS, Cochrane Collaboration.
Cochrane handbook for systematic reviews of
interventions. Chichester, England: Wiley
Blackwell; 2008.
Thakkinstian A, McKay GJ, McEvoy M, Chakravarthy U, Chakrabarti S, Silvestri G, Kaur I, Li

Int J Clin Exp Med 2017;10(1):863-871

CYP3A4*18B polymorphism in Chinese renal transplant recipients

[15]

[16]

[17]

[18]

[19]

[20]

[21]

871

X and Attia J. Systematic review and meta-analysis of the association between complement
component 3 and age-related macular degeneration: a HuGE review and meta-analysis. Am
J Epidemiol 2011; 173: 1365-1379.
Biondi-Zoccai G, Lotrionte M, Landoni G and
Modena MG. The rough guide to systematic reviews and meta-analyses. HSR Proc Intensive
Care Cardiovasc Anesth 2011; 3: 161-173.
Qiu XY, Jiao Z, Zhang M, Zhong LJ, Liang HQ,
Ma CL, Zhang L and Zhong MK. Association of
MDR1, CYP3A4 *18B, and CYP3A5 *3 polymorphisms with cyclosporine pharmacokinetics in Chinese renal transplant recipients. Eur J
Clin Pharmacol 2008; 64: 1069-1084.
Li DY, Teng RC, Zhu HJ and Fang Y. CYP3A4/5
polymorphisms affect the blood level of cyclosporine and tacrolimus in Chinese renal transplant recipients. Int J Clin Pharmacol Ther
2013; 51: 466-474.
Qiu YHSZW. Effect of CYP3A5 *3 and CYP3A4
*18B genetic polymorphisms on cyclosporine
pharmacokinetics in renal transplant patients.
Chinese Pharmacological Bulletin 2009; 25:
378-382.
Hebert MF. Contributions of hepatic and intestinal metabolism and P-glycoprotein to cyclosporine and tacrolimus oral drug delivery. Adv
Drug Deliv Rev 1997; 27: 201-214.
Kronbach T, Fischer V and Meyer UA. Cyclosporine metabolism in human liver: identification of a cytochrome P-450III gene family as
the major cyclosporine-metabolizing enzyme
explains interactions of cyclosporine with other
drugs. Clin Pharmacol Ther 1988; 43: 630635.
Zhang Y and Benet LZ. The gut as a barrier to
drug absorption: combined role of cytochrome
P450 3A and P-glycoprotein. Clin Pharmacokinet 2001; 40: 159-168.

[22] Damiano S, Ciarcia R, Montagnaro S, Pagnini
U, Garofano T, Capasso G, Florio S and Giordano A. Prevention of nephrotoxicity induced
by cyclosporine-A: role of antioxidants. J Cell
Biochem 2015; 116: 364-369.
[23] Caforio AL, Tona F, Piaserico S, Gambino A,
Feltrin G, Fortina AB, Angelini A, Alaibac M,
Bontorin M, Calzolari D, Peserico A, Thiene G,
Iliceto S and Gerosa G. C2 is superior to C0 as
predictor of renal toxicity and rejection risk profile in stable heart transplant recipients.
Transpl Int 2005; 18: 116-124.
[24] Iversen M, Nilsson F, Sipponen J, Eiskjaer H,
Mared L, Bergan S, Nystrom U, Fagertun HE,
Solbu D and Simonsen S. Cyclosporine C2 levels have impact on incidence of rejection in de
novo lung but not heart transplant recipients:
the NOCTURNE study. J Heart Lung Transplant
2009; 28: 919-926.
[25] Schrauder A, Saleh S, Sykora KW, Hoy H, Welte
K, Boos J, Hempel G and Grigull L. Pharmacokinetic monitoring of intravenous cyclosporine
A in pediatric stem-cell transplant recipients.
The trough level is not enough. Pediatr
Transplant 2009; 13: 444-450.
[26] Tao XR, Xia XY, Zhang J, Tong LY, Zhang W, Zhou
X, Liu ZH and Song HT. CYP3A4 *18B and
CYP3A5 *3 polymorphisms contribute to pharmacokinetic variability of cyclosporine among
healthy Chinese subjects. Eur J Pharm Sci
2015; 76: 238-244.
[27] Zhu HJ, Yuan SH, Fang Y, Sun XZ, Kong H and
Ge WH. The effect of CYP3A5 polymorphism on
dose-adjusted cyclosporine concentration in
renal transplant recipients: a meta-analysis.
Pharmacogenomics J 2011; 11: 237-246.

Int J Clin Exp Med 2017;10(1):863-871

