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Abstract

Background: Cyclosporine is the main immunosuppressive agent
used in organ transplantation which leads to considerable i mprove-
ment in graft survival. The large inter- and intra- patient variability
in cyclosporine pharmacokinetics coupl ed with the agent’s narrow
therapeutic index and adverse effects necessitate therapeutic moni-
toring of cyclosporine blood levels.

Objective: Theam of this study was to determine the extent of
variability following oral administration of cycl osporine after kidney
transpl antation, and provide guidelines for administration of cyc-
losporinein Isfahan/Iran

Methods: The results of 2163 cyclosporine pre-dose blood samples
obtained from 647 kidney transplant recipients (208 females, 439
mal es) with a median age of 34 years (range 11-54 years) were stud-
ied. Concentration of cyclosporine in the whole blood was deter-
mined by a radioimmunoassay using monoclona antibodies specific
for the drug. Statistical anal yses were performed using SPSS.

Results: The frequency distribution of Co and daily oral dosage of
cyclosporine exhibited wide interindividual variability. Cyc-
losporine oral dasage regimen ranged from 100 mg to 400 mg.
Trough cyclosporine blood concentration (C) ranged from 18 ug/l to
1400 ug/l. The results of cyclosporine whole blood levelsin 56%
were always below the suggested therapeutic range (less than 200
ug/l) and in 14% of the samples seemed to be associated with the
occurrence of toxic side effects. There were no significant differ-
ences in the median trough levels of kidney recipients according to
gender (p = 0.36).

Conclusion: For long-term management of kidney transplant recipi-
ents and in order to further optimize the use of cyclosporine, itis
essentid to standardize laboratory monitoring and clinical investiga-
tion of this agent.
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Introduction

characteristic feature of all studies per-
A formed using cyclosporine pre-dose con-
centrations (Co) has been the emphasis

on drug monitoring." Disparities in blood levels
are the result of pronounced differences in the
pharmacokinetic parameters, such as clearance
and bioavailability. These inter- and intra- individual
variations may influence the immune response and
susceptibility to drug toxicity.*>* The absorption of
cyclosporine is slow and highly variable after oral
administration and appears to be influenced by a
variety of factors such as, the time after transg)lant
presence of food and intestinal dysfunction. > Dis-
tribution is affected by the Ilpoproteln concentration
in plasma and by the haematocrit.”® Heterogeneity
in gut CYP450A gene expression also explains
some of the wide variability in cyclosporine kinetics.
In addition, drugs that induce or inhibit CYP450A
influence the CYP450A -dependent metabolism.’

Demographic factors such as age, gender and race
may also contrlbute to the variability of cyclosporine
pharmacoklnetlcs Among renal allograft recipi-
ents, there is a conS|derabIe variability in cyc-
losporine trough levels.* Cyclosporine is exten-
S|vely metabolized and hepatic metabollsm is a
primary pathway of cyclosporine elimination.® The
total body clearance of cyclosporine is markedly
variable in patients and is influenced by the nature
of transplant, patient’s age, any associated disease
state and concurrent drug therapy.”'® Renal side-
effects of cyclosporine are dose-related, but the
influence of the dosa(I]e regimen has not been thor-
oughly investigated.™™ Therapeutic drug monitoring
of this agent involves the use of blood concentra-
tion measurements of the drug to individualize dos-
age reglmens based on pharmacokinetic princi-
ples.! The traditional method of optimizing a cyc-
losporine dose regimen in a patient is by titrating
the pre-dose blood concentration of cyclosporine
(trough level) to a designated ran%e that is consid-
ered therapeutic and non-toxic. Due to the nar-
row therapeutic index, optimal dosing of cyc-
losporine in the individual patient can only be
achieved by the inclusion of therapeutic drug moni-
toring as an essential component of the patient’s
regimen, and ona regular basis after the initiation
of therapy.®* To achieve good survival rates,
keep morbidity to an acceptable level and to pro-
vide guidelines for therapy with cyclosporlnee 4tz
the management of immunosuppression should
minimize the incidence of graft rejection (acute or
chronic) and maintain drug levels within therapeutic
ranges.™>* Therefore, the aim of this work was to
study, inter-individual variability in cyclosporine pre-
dose concentrations (Co) and the relevance of ma-
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Table 1: Cyclosporin trough concentration: Co (ug/l)
Total group | Female Male
(n=2163) (547) (1616)
Mean* 240 234.3 245.7
Median 182 198 181
SD 411.1 398 402.2
Min 18 18 21
Max 1400 1350 1400

*P value = 0.36

nipulating the dose of this agent in response to
drug levels.

Patients and Methods

Patients (208 female, 439 male) with a median age
of 34 years (mean 34.1, range 11-54 years) receiv-
ing primary kidney grafts for end stage renal dis-
ease (ESRD), at Kidney Transplant Center, Isfahan
University of Medical Sciences, were studied. All
patients received cyclosporine orally twice a day
(7.9 mgl/kg/day; range 3-11 mglkg/day) ***° and
approximately 2163 whole blood pre-dose samples
(547 samples belonged to females & 1616 samples
belonged to males) were analyzed. The blood
samples were extracted with methanol and after
centrifugation, the supernatant of unknown sam-
ples and standards were incubated with **°I-
labelled cyclosporine in monoclonal specific anti-
cyclosporine coated tubes. The bound radioactivity
was measured using a g-scintillation counter Multi-
gama. The calibration range of the method was
10-1380 ug/l and the sensitivity about 10 ug/l. Addi-
tional information including study date, date of
transplant,and demographic data were recorded in
MS-Excel. Statistical analyses were performed us-
ing SPSS program version 6. The Shapiro-Wilks
tests were used to confirm normal distribution of
data. When the data were not normally distributed
and equal variances among groups could not be
assumed, non-parametric Mann-Whitney tests
were used. Correlation between variables was
determined by Spearman Rank order correlation
analysis. Significant differences were accorded at P
values <0.05.

Results
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Figure 1: Inter-individual variability (%) in trough lev-
els (Co, n= 2163) of cyclosporin after kidney transplan-
tation in Isfahan/Iran. This fig shows that 56% of the
results were less than 200 pg/l, which, seems below
the suggested therapeutic range.

This study demonstrated that the distribution of pre-
dose blood levels of cyclosporine (Co) followed
different groups of populations. The Shapiro-Wilks
test confirmed that the data were not normally dis-
tributed. As shown in Table 1, with a mode of 100
ug/l, the median cyclosporine whole blood trough
concentration after kidney transplantation was 182
ug/l and the mean value with one standard devia-
tion of 411.1 ug/l was 240 ug/l (n= 2163). The low-
est level of cyclosporine observed in this study was
18 ug/l and the highest level, which might be re-
lated to toxicity, was 1400 ug/l. However, the ad-
ministration of cyclosporine was associated with
marked variability and large variation in Co, but both
the effectiveness and toxicity of cyclosporine ap-
peared to be related to the level of drug exposure
within study population. The higher values of me-
dian Co in kidney transplant recipients most likely
reflected existing saturation of the compartments
into which cyclosporine is distributed. The higher
results could therefore be considered as reflecting
a reduced apparent volume of distribution for the
drug. However, decreased absorption is also pos-
sible. As the distribution of C, follows different
groups of population, the samples were stratified
according to blood levels of cyclosporine, as can be
seen in Figure 1. The results of cyclosporine
trough blood levels in 56%, were always (less than
200 ug/l) below the suggested therapeutic range.
Therefore, low cyclosporine concentrations in
blood, due to poor drug absorption or rapid elimina-
tion, should be recognized and adjusted early as an
important part of the care of transplant recipients.
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Figure 2: Inter-patient variability (%) in doses (mg) of
cyclosporine after kidney transplantation in Isfahan/
Iran. Low doses of cyclosporine might increase the
possibility of graft rejection due to insufficient thera-
peutic blood level.

In 30% of the samples, cyclosporine blood levels
were more than 200 ug/l and less than 400 ug/l. In
12%, the results of cyclosporine blood levels were
more than 400 ug/l and less than 800 ug/l. In a
total of 14% levels of cyclosporine (C0>400 ug/l)
seemed to be on the toxic side, which might be
associated with the occurrence of infectious epi-
sodes, nephro-,hepato- and neurotoxic side effects.
Cyclosporinee blood levels correlated poorly with
dose (r = 0.031, p = 0.23). Analysis of trough con-
centrations by gender showed no significant differ-
ence in trough levels of cyclosporine (p = 0.36).

As can be seen in Figure 2, a further analysis of
dosage regimens showed that daily oral cyc-
losporine dose varied among different groups. The
mean dose was 298 mg daily (range: 100-700 mg)
(SE=6.21, mode=250, median= 300). As shown in
Figure 2, 7% of recipients were received 100 mg of
cyclosporine daily, 61% of recipients received 200-
300 mg and 30 % received 300-475 mg of cyc-
losporine, which seems to be lower than recom-
mended therapeutic dosage of this drug.

Discussion

The review of literature shows that, for a highly
successful treatment after kidney transplantation,
monitoring of cyclosporine concentration is essen-
tial. >**  Immunosuppressive therapy using cyc-
losporine is a narrow path between the risk of re-
jection by underimmunosuppression and toxic or-
gan damage by overdosage.**'®” The present
study was organized to correspond closely to inter-
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individual variability in trough levels of cyclosporine
after kidney transplantation in Isfahan/lran. Be-
cause of its wide variability (18 to 1400 ug/l), cyc-
losporine requires individualization of doses to tai-
lor immunosuppression to the specific patient.*%**

Wide inter-individual variability might be related
to the excretion (and therefore persistence) of dif-
ferent metabolites and the amount produced
among individual recipients.'®'®  Differences in
absorption and clearance of cyclosporine observed
in this study might be explained by pharmacokinetic
variability and result both from genetic determi-
nants and clinical status (e.g. hepatic and extra-
hepatic organ function). In addition, identification of
biochemical indicators of clinical status with which
these wide variability are associated might facilitate
clinical management, complementing therapeutic
drug monitoring results.”® These points merit fur-
ther investigations in relation to clinical outcome.

Since graft rejection (acute or chronic) is an im-
portant cause of long-term allograft loss, the large
inter-individual variability observed in this study

- s B 14,16,20,21 -
may have a significant impact. Previous
studies showed that a cyclosporine concentration
exceeding approximateb/ 182 ug/l is essential to
prevent graft rejection ***® and cyclosporine levels
of 200-400 ug/l inhibit calcineurin phosphatase
activity in humans by about 50%. ** It seems that
values of less than 200 ug/l, observed in 56% of
cyclosporine blood samples, could not achieve
complete calcineurin inhibition.?

The findings of this work is in accordance with
earlier publications hence it is recommended that
optimal dosing in the individual patient be achieved
by the inclusion of therapeutic drug monitoring as
an essential component of the patient’s long-term
management plan.’>*° Therefore, to avoid the risk
of organ rejection through underdosage,'*'** as
observed in 56% of the samples and also toxic
organ damage through over-dosage of cyc-
losporine ™, which were seen in 14% of the sam-
ples, dosage of cyclosporine should be calculated
on the12 ngis of daily trough level measure-
ments.” ="

Finally for transformation of renal transplanta-
tion from an experimental procedure to a highly
successful treatment that is universally recognized
as the optimal clinical therapy for end-stage renal
disease (ESRD), in addition to the potential of labo-
ratory monitoring of cyclosporine pre-dose concen-
tration, dosage adjustment should merit further
clarification in relation to clinical outcome.
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