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1. Introduction

Cyclosporin (cyclosporin A, CsA) is a potent immunosuppressant drug that is widely used to prevent
graft rejectionin transplantation medicine and to treat several autoimmune diseases. It is a cyclic
polypeptide of fungi origin consisting of 11 amino acids (Figure 1)[1].Unlike some non-selective
immunosuppressant drugs such as methotrexate or azathioprine, CsAselectivelytargets the proliferation
of helper T-cells but not the suppressor T-cells, and thus suppresses the T-cytotoxic lymphocytes cell
proliferation and formationwithout causing myelotoxicity[2].CsA however, suffers from a narrow
therapeutic index and a great pharmacokinetic (PK) intra and inter subject variability, especially in the
absorption phase, which greatly complicate therapy[3]. This means thateven at the same dose ratewithin
a recommended range,CsAtherapy could be sub-therapeutic for certain patients leading to therapy failure
and/or graft rejection, or could be toxic for other patients causing serious irreversible kidney damage[4].
Therefore, monitoring the PK profiles of patients as part of routinely carried out therapeutic drug
monitoring becomes very vital for the success of CSA therapy.

CsA is indicated for the prevention of rejection following organ transplantations including heart,
lung and kidney, for the treatment of graft-vs-host disease with bone marrow transplant, and for the
treatment of various autoimmune conditions such as rheumatoid arthritis, nephrotic syndrome and
psoriasis[5].1t is available for intravenous (IV) infusion but the oral administration as soft gelatin
capsules or solution is usually more commonly used. The original CsA product, Sandimmun® (Novartis
AG, Basel, Switzerland), is an oil-in-water emulsion, however a newer micro-emulsion formulation,
Neoral® (Novartis AG, Basel, Switzerland)which improves the oral bioavailability of CsAwas also
developedand approved for use[6]. The two formulations are not bioequivalent and cannot be used
interchangeably[7]. Here we review the PK of CsA.

2. Pharmacokinetic Properties of Cyclosporin
2.1. Absorption

Absorption is a critical component of the PK of CsA administered orally.The absorptionis slow and
incomplete, and takes place predominantly in the upper part of the small intestine [8]. Therefore, the
length of the small bowel is an important determinant of the oral CsA dosage requirement for patients
with reduced absorptive surface area including children [8, 9]. Moreover, thesmall window of
absorptionmakes modified release formulationsnot a feasible option for CsA.

High inter-subject variability has been reported in studies which evaluated oral CsA[10, 11,
12].The absorption half-lifemeasured ranged from 0.5 to 2 h and a lag time up to 1 h in absorption
hasbeen reported in some patients [13]. The peak concentration (Crnax) Was reached after an average time
(Tmax) Of 3.8 h (a range of 1-8 h) post-dose, and in some studies, a second peak in the concentration-vs-
time curve was observed (which in some cases was as high as or higher than the first peak) in a
proportion of patients at about 5-6 h following the first peak[14, 15]. The reason behind the second peak

IJFMR2206975 Volume 4, Issue 6, November-December 2022 0



https://www.ijfmr.com/

ﬂ International Journal for Multidisciplinary Research (IJFMR)

E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com
IJFMR

is notclear, but there are reports of patients having a similar second peak that is attributed to bile related
enhancement in absorption following a meal taken during the absorptive phase [14]. The absolute
bioavailability (F) of oral CsA is low, and was estimated by Beveridge et al to be 30% (range 10-60%)
for theoriginal CsA formulation[16]. Absorption of oral CsAcan be improved by the dispersion of the
CsA solution in a drink that the patient prefers.

The Neoral® micro-emulsion formulation considerably improved the absorption and absolute
bioavailability of oral CsA[17].Kovarik et al reported an increase in absorption of the micro-emulsion
CsAin kidney transplant patients as measured by an increase in the area under the concentration-vs-time
curve (AUC) by about 44% and the Cnax by 73% compared to the original formulation[18].Drew et al
found similar results in healthy volunteers, which included an increase in AUC of about 49%[19]. Both
studies did not observe a significant change in Tnax. The improvements in CsA bioavailability with the
micro-emulsion formulation was estimated to be in the range of 3.7-6.5 folds greater than that achieved
with the standard formulation [17, 20].

There is evidence that a PK model which assumes a zero-order absorptionin the upper part of the
small intestine under conditions of saturation can provide a superior description of the data in humans
than would a first order model[8]. This is substantiated by the two observations, i)that small doses of
CsA produceunproportioned high blood concentrations, and ii) that small episodes of diarrhea which
decrease the transit time at the site of absorption lead to low CsAblood concentrations[21].Reymond et
al compared PK parameters across three different oral doses of Sandimmun®CsA (350 mg, 700 mg, and
1400 mg) given to healthy volunteers and concluded that both absorption and disposition of CsA
followed nonlinear dose-dependent kinetics[22]. However, this nonlinearity was not observed with the
micro-emulsion formulation, Neoral®, over the dose range (300-800 mg) [23].

The decrease in CsA blood concentration following diarrhea suggests an effect for gut motility on
the absorption of CsA[24]. A number of other factors influence the absorption of CsA when given
orally. The bile flow is one of these factorswhich is expected sinceCsA isa highly lipid soluble
compound. This influence wasseen in reported caseswhere an increase in trough CsA concentrations was
found following the clamping of the T tube, and the evidence attributed that to an increase in CsA
solubilisation at the site of absorption due to improvements in bile flow into the gut [25].The co-
administration of CsA and bile salts was found to significantly improve the CsA bioavailability[26]. The
influence of bile and the fact that the absorbance of CsA is represented by a zero order model suggests
food as a factor that would influences absorption of CsA. The evidence, however, to the effect of food
on CsA absorption has been conflicting[27]. Gupta et al observed an increase in Cpax and in the
bioavailability of CsA in healthy volunteers following oral administration with a fat loaded meal as
compared to taking it on a fasted state[28]. Another study showeda significant increase in Cpnax and
AUCof CsA with standard meal following oral administration in renal transplant patients [29]. However,
some other studies found no significant effect for food on CsA absorption[27]

2.2. Distribution

The concentration-time profile of CsA following intravenous and oral administration has been found to
be best described by multi-compartment modelsincluding two- and three-compartment models, however
a two compartment model has been found to accurately represent the data and has been adapted by many
published studies [30]. Follath et al used three compartments to model the disposition of CsA following
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a short IV infusion, and observed a fast initial decline with a half-life of 0.10£0.03 h followed by
abiphasic disposition with half-lives 0f1.08+0.25 h and15.84+8.4 h, whichindicates that CSA can easily
diffuse through various biological membranes[31].

CsA, being highly lipophilic, distributes widely into blood, plasma and tissue components.Based
on an in-vitro study, it was found that about 30-40% of the CsA in blood lies in plasma, 40- 50% in the
erythrocytefraction, and10-20% in the leukocyte fraction[32].However, the distribution varies with
temperature, drug concentrations, hematocrit, and plasma lipoproteins [33]. Moreover, CsA increases
lipoprotein concentrations, thus affecting its own distribution [34].In plasma, CsA is mostly bound
tolipoproteins (about 80%). The unbound fraction of the drug measured in plasma (f,) ranged between
0.04-0.12 in renal transplant patientswhich indicates extensive protein binding [35].In the body,
CsAdistributes into many cells and tissues [36], but the accumulation is more in organs rich in fat
including liver, adipose tissues, and lymph nodes[33]. The lymph concentrations of CsA were found to
be approximately 40-60% of the corresponding blood concentrations in rats [37]. Other tissues such as
pancreas, kidneys, and adrenal glands contain higherCsA concentrations than serum [38].CsA, however,
has restricted permeability across the blood-brain barrier[33].The apparentvolume of distribution (\Vd)of
CsA varies according to type of allograft and disease state.Aweeka et al reporteda CsAvolume of
distribution at steady state (Vss) value of 1.9 L/kg in blood (2.4 L/kg in plasma) in kidney pre-transplant
subjects, and a value of 1.2 L/kg in blood (1.2 L/kg in plasma) in healthy subjects,and suggested
alteration in protein binding as a cause for the increase in Vss[39]. Yee et al found that Vss correlated
negatively with age in bone marrow patients with Vssvalues of 34.4 L/kg in patients below 11 years,
20.6 L/kg for patients 11-40 years, and 4.7 L/kg for patients over 40 years[40].

2.3. Metabolism

CsA is extensively metabolised in the liver with biliary excretion being the major route of metabolite
elimination [41]. An estimated 50% of the CsA dose given is extracted from the blood during the first
pass through the liver [42]. The key catalyst for the biotransformation of CsA in the liver is the
cytochrome P-450 I11-A enzyme subfamily (CYP3A) found in the endoplasmic reticulum of liver cells,
and is also found in tissues of other organs including in the cells of the gut wall [43]. There is evidence
that the gut wall is also involved in the first pass metabolism of CsA and this contributes to its low
bioavailability following oral dosing [44]. Over 30 metabolites have been suggested for CsA and Maurer
et al have isolated 9 of these[41, 45]. The levels of three of the primary metabolites,
themonohydroxylated metabolites M1 (15%) and M17 (the predominant metabolite in man, 55%) and
the N-demethylated metabolite M21, have been found to correlate with the amount of CYP3A in the
liver[46]. The metabolites, which could be found in concentrations exceeding those of CsA in the blood
of transplant patients,are more hydrophilic than CsA, mostly show a minor immunosuppressive activity
(<10% of that of CsA), and are less nephrotoxic than CsA[47, 45, 48]. However, the metabolite
combinations have additive and synergistic effects [45, 48]. These metabolites show different
distribution than CsA and eliminate more easily from the gut or kidney. Thus, metabolism is an
important factor when considering PK and drug interaction of CsA.

2.4. Elimination

The primary route of CsA elimination is by metabolism in the liver and excretion of the drug and
metabolites by the biliary system[49]. Venkataramanan et al observed that only small amounts of intact
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CsA is excreted in bile in liver transplant patients, but to the contrary, large amounts of CsA plus
metabolites are excreted in bile [49]. These results suggest that CsA metabolites, but not the intact CsA,
undergo enterohepatic recycling, at least, in this patient group, but most of the drug is ultimately
excreted in the feces. CsA is also eliminated through urinary excretion, however, to alesser extent. In
human, it is estimated that less than 10% (with reports of as little as 3%) of the administered dose is
excreted in the urine and only fraction of that being as unchanged drug[50].

CsA elimination is found to follow a first-order kinetics with most doses considered, and thus Vd
and the systemic clearance (Cl) are independent of the doses [42]. The exception to this is when high
doses, over 6 mg/kg/h, are given by fast IV infusions,whence due to saturation of the hepatics uptake
system, elimination Kinetics become of zero-order. Estimates of the CI reported in the literature show
great interpatient variability. Ptachcinski et al found that,following a CsA IV infusion of 2.1 mg/kg over
2 h, healthy subjects exhibited a mean distribution half-life of 0.45 h(range 0.23-1.53 h), a mean
terminal half-life of 6.2 h (range 4.7-12.7 h), a first-order elimination rate constant (kso) of 1.34+1.03 h™,
a Cl of 3.9 ml/min/kg (range, 2.9-5.5ml/min/kg) and a Vss of 1.25+0.30 L/kg[51]. These values which
are based on a 2 compartment PK model, include a shorter half-life, a lower Cl, and a smaller Vss when
compared to data reported for transplant patient populations, and demonstrate the extent of interpatient
variability.

CsA is a drug with low to moderate hepatic extraction ratio (ER). Wu et al reported ER values of
0.25+0.06 in healthy volunteers and of 0.27+0.10 in kidney transplant patients[52]. Therefore, the
hepatic clearance of CsA is “enzyme-limited” and is affected by both the unbound fraction of CsA in the
blood (f,) and the unbound intrinsic clearance(Cl’;,)[53].Various factors alter CsA elimination. Some of
these factors and their effects are provided in Tablel.

3. The Importance of CyclosporinPharmacokinetics inClinical Use

For effective management of therapy for patients onCsA, it is imperative for health care providers to
have an insight on the internal exposure of CsA and be able to predict the concentrations that reach the
site of action to ensure efficacy and safety. Pharmacokinetic studies as part of regular therapeutic drug
monitoring (TDM) allow health care providers achieve that and provide and optimize individualized
treatment plans. There are a number of reasons why such PK studies become an obvious necessity for
patients on CsA. We list a few next.

3.1. The Inter- and Intra-Individual Variation in PK

A major pharmacokinetic challengein the CsA therapy is that the drug exposure, as defined by AUC,
varies widely between patients receiving the same dose of drug. In fact, great variability is observed in
many PK parameters with CsA, and this has been partially attributed to inter-individual variations in the
activity of the enzyme CYP3A4[54].The bioavailability of CsA following oral dosing of the original
Sandimmun® has been shown to be low around 30%, but the range among different patients has been
found to vary as much as 2% to 89%[42]. The volume of distributionis another PK parameter that shows
inter-individual variation. Using a non-compartmental analysis of whole blood from different groups,
Clardy et al found Vss values of 7.9+5.1L/kg [55], with high inter-individual variations.Differences in
clearance have also been reported and have been attributed to inter-individual variation in
CsAmetabolism.The variations that have been observed between different patients, have also been
observed for the same patients at different times [56]. The newer Neoral® formulation has improved the
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bioavailability of CsA, but it still shows similar inter-individual variations as the original formulation
[4].

Several attempts have been made to understand the substantial inter-individual variation in CsA
PK asbeing potentialresults of the polymorphic expression of the CYP3A enzyme. However, research on
the pharmacogenetic variations have not been consistent and has shown no pharmacological impact of
the polymorphism on CsA PK[57]. Von Ahsen et al attempted to correlate a polymorphism in exon 26
(C3435T) of the multidrug resistance-1 (MRD-1) gene (MDR-1 C3435T) or a polymorphism in the
CYP3A4 promoter region (“variant” allele CYP3A4-V)with theintestinal P-glycoprotein (P-gp)
concentration in 126 renal transplant recipients. They found that both polymorphisms were not major
determinants of CsA efficacy[58]. Hesselink et al also found no correlation between polymorphisms of
the CYP3A4 (CYP3A4*1B and*3),CYP3A5 (CYP3A5*3 and *6), and MDR-1 (MDR-1 C3435T) genes
and dose adjusted CsA trough levels. They, however found some correlations with tacrolimus, another
calcineurin inhibitor[59].These results highlight the need for studies which try to predict the combined
effect of the many polymorphisms.

3.2. Narrow Therapeutic Index

CsA is classified as a critical-dose drug with a narrow therapeutic window and there is evidence that a
clinically significant change in efficacy or toxicity occurs with small changes in dose or
concentration[60]. This was noted by Lindholmet al, who found a significant difference in the percent
of one year rejection-free kidney transplant patients at three steady state CsA concentration levels [61].
In the same study, the daily dose administered did not correlate with the outcome of percent one-year
rejection free. The appropriate CsA therapeutic range must be determined for eachpatient taking into
account the type of assay used, the sample matrix, the patient’s lipid and hematocrit profile, the patient’s
risk factors, and the patient’sother medications. An important note to consider, is that while there are
different oral formulations of CsA that are available including some generic ones, these formulations at
equal doses may not provide equivalentCsA concentrations and may require dose adjustments in order to
have concentrations within the therapeutic window [62].

3.3. Renal Adverse Events

A number of serious side effects have been reported with the use of CsA, but its nephrotoxicity is the
most importantone that limits its use, followed by hypertension [63]. Krupp et al found that among 3514
renal transplant recipients, over 54% experiencedadverse effects with CsA related to renal dysfunction
[64]. CsA can cause a dose dependent acute toxicity associated with a reduction in renal plasma flow
and glomerular filtration rate along with an increase in serum biochemical parameters including
creatinine and urea[65]. These effects are reversible, and by regular PK profiling and carefully
monitoring the CsA concentrations and the levels of these biochemical parameters and adjusting the CsA
doses accordingly, renal impairment can be avoided. Myer et al found that a CsA AUC of over 13
mg.h/L correlated with nephrotoxicity, whereas a value of 8 mg.h/L correlated with protection from
rejection in first renal transplant recipients [66]. On the other hand, these acutetoxicities can progress
and lead to structural damage of the kidney, especially when high CsA doses are used[67].
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3.4. Difficulties in Measuring Clinical Outcome

One of the challenges with CsA treatment, especially when given as a prophylaxis to prevent rejection
following organ transplantations, is the difficulty in measuring the clinical outcome. The lack of
intermediate clinical signs with proven correlation with immunosuppression associated with CsA makes
it difficult to quantify the efficacy of the treatment[42].In fact, the first sign of inefficacy could be a
rejection of the organ, while signs of toxicity could be serious irreversible damages to the kidneys and
other organs. Therefore, PK monitoring should be employed regularly to compensate for the lack of
such clinical markers by maintaining CSA concentrations in a range that is found to be efficacious and
safe for the patients.

4. Pharmacokinetics and Pharmacodynamics

Several pharmacodynamics (PD) studies have examined the biochemical and physiological effects of
CsA on the body under various conditions.CsA is a calcineurin inhibitor that binds to the
immunophilincyclophilinand causes inhibition of transcription of interleukin-2 (IL-2) and several other
cytokines, mostly in T-helper lymphocytes[14]. This reduces the production of various cytokines and
inhibits the activation and maturation of various cell types, including those involved in the autoimmune
response.Therefore, the effect of CsAon calcineurin-phosphatase activity was chosen for many of the
CsA PD studies.

Brunel et al used a PK/PD model to establish an effective and therapeutic CsA concentration range
in renal transplant patients[68]. Theyobserved a strong correlation betweenCsAblood concentration at a
single point 2 hours (C,) post-dose and the AUC of the first 4 h (AUCy.4). Such strong correlation was
not established for the trough concentration. This observation was in line with earlier attempts to
simplify CsA TDM by reducing the number of blood sampling points needed to monitor CsA[4].
Moreover, they found that CsAmonotherapy at a mean dose of 2.6+0.9mg/kg/dayshowed a significant
reduction of 89.6% of the calcineurin activity, of 56.1% in IL-2 production, and of 72.1% in interferon-
gamma (IFN-y) production, compared to healthy controls. Based on amaximal drug effect (Emax)
inhibitory sigmoidal model, they concluded that a C, of 279 ng/ml was required for a 50% maximal
effect (ECso) which was inhibition of IL-2 and IFN-yproductionwhile a C, of 384 ng/ml resulted in a
degree of inhibition of calcineurin activity and production of IL-2 and IFN-y that is safe and is
associated with a lack of rejection episodes [68].Fukudo et also used an Emax PD model to study CsA
using calcineurin activity as a measure of effect, and found comparable CsA concentrations that
provided 50% effect [69].0n the higher extreme, they observed a steepdecline in calcineurin activity
with increase in CsA concentrations, but a plateau was reached beyond whichCsAexerted no additional
effect at a threshold blood concentrations of approximately 700 ng/ml. Their results were similar to
those obtained in another PD study of CsA where the effect measured was the inhibition of I1L-2 [70].

PD models have also helped understand the effect of CsA in special populations. Marshall et al
conducted an in-vitro study in which the effect of CsA at concentrations ranging from 0-5000 ng/mL
were studied on the inhibition of peripheral blood monocyte proliferation and IL-2 production in blood
samples from subjects ranging in age from 2 months to 39 years. Using the Emax model, they found
that three of the four age groups considered were similar with respect to mean Emax and EC50, but the
infant group (0-1 year) showed a 2-fold lower EC50 in relation to inhibition of peripheral blood
monocyte proliferation and 7-fold in relation to inhibition of IL-2 production when compared to adults.
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Their results highlight the importance of including age as a factor when immunosuppression with CsA is
considered in pediatrics.

Stein et al used a PK/PD model to explore if a difference in CsA effect could explain the lower
renal allograft survival reported in African Americanscompared with caucasian patients[71]. They
considered testing both the emulsion and the micro-emulsion formulations of CsA in the study in
patients from both races and used the inhibition of IL-2 production in whole blood drawn 4 hours after
CsA was administered as a PD measure of effect. Their results revealed comparable PK and PD profiles
between the two races which suggest that environmental rather than genetic factors could explain the
lower renal allograft survival in African Americans [71].

PK/PDstudies have also helped understand thetoxicity associated with CsA. Using the Emax
model, Grzesk et al studied the CsA effect on the reactivity of vascular smooth muscle cells[72]. Their
results showed an increase inextracellularcalciuminflux to thecytoplasm and highlighted the importance
of peripheral regulation of protein kinaseC in the hypertension due to CsA.

5. Interactions Altering Cyclosporin Pharmacokinetics
5.1. Drug Interactions

A rangeof drugs have been recognised to interact with CsA and potentially lead to blood CsA
concentrations that fall outside the safe and therapeutic range or that add to its nephrotoxicity. These
interactions occur as a result of alteration of CsA PK parameters and/oralteration of the physiological or
pharmacological effect[73].

Calcium channel blockers, often used for the treatment of hypertension that is high among CsA
users, are suggested to increase the CsA concentrations and potentiate its immunosuppressive
effect[74].Weir et al found that when verapamilwas combinedwith CsA,several CsA PK parameters
were altered and around half of the CsAconcentration was required to achieve the same degree of
immunosuppression as that produced with CsA alone[74]. Smith et al also observed a change in the PK
of CsAwhen combined with diltiazem, including a significant reduction in blood Cl andVvd with no
change in renal effect[75]. The change in these PK parameters, resulted in a reduction of the CsAoral
dosage regimen needed to achieve a target blood concentration.However, two other calcium channel
blockers, nifedipine and nitrendipine, have been reported not to interact with CsA[73]. Other drugs have
also been found to increase the CsA concentrations. These include the two macrolide antibiotics
erythromycin and josamycin, several azole antifungal drugs including ketoconazole, and many other
drugs.The mechanism behind the increase in CsA concentration is attributed to an improvement in the
absorption of CsA given orally along with these drugs and/or to a disruption in the CsA metabolism[75].

Drugs can also interact with CsA and lead to lower CsA blood concentrations. The
anticonvulsantphenobarbitone was found to decrease the CsA concentrations in bone marrow transplant
patients to levels which could be undetectable even with high CsAdoses [76]. Similar reductions in CsA
concentrations were reported when co-administered withother anticonvulsants including, carbamazepine
in renal transplant patients [77], and phenytoin in heathy patients [78]. In the latter study, phenytoin
significantly decreased the Cnax and the AUC of CsA and two of its metabolites, M17 and M18. There
are other drugs which cause similar reduction in CsA concentrations including rifampin, nafcillin,
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octreotide, and sulfonamides and trimethoprim and the mechanism of the interaction is suggested to be
acceleration of CsA metabolism [78, 79].

5.2. Herbal Extract and Food Interactions

CsA has been found to interact with St John’s wort (SJW),an herbal extract that is used in the treatment
of mild depression. Bauer et al observed that the co-administration of SJW with CsA for two weeks in
renal transplant patients resulted in a decrease of CsA concentrations amounting to over 40% decrease in
AUC,-1,[80]. This decrease startedrapidly from the third day of treatment and a 60% dose increase was
required to achieve the therapeutic target.Moreover, the SJW treatment also effected the PK of the CsA
metabolites.Grapefruit juice has also been shown, in a number of studies, to interact with CsA when
given orally. Ducharme et al found a significant increase in the CsAabsolute bioavailability of about
62% with grapefruit juice [81]. No effect was observed for grapefruit juice when CsA was given
intravenously. Considering the extensive variability of CsA absorption, both SJW and grapefruit juice
should be avoided with CsA therapy.

6. Cyclosporin in Special Patient Groups

The disposition of CsA in human has been clinically found to be influenced by age, gender, and even the
ethnicity of the patients. CsAclearance, for example, is influenced by the age of the patient. In pediatric
patients, twice as high clearance is observed in pediatric liver, kidney, and bone marrow transplant
patients than in adults[82, 10, 83]. This high clearance is due to faster removal of the drug from the
body, and therefore, pediatric patients require higher doses which may be given in more frequent
intervals. Adult patients over 40 years showed 50% lower Cl and 25% lower Vssvalues compared to
patients 40 years or below in bone marrow transplantation [83].Female patients are found to clear CsA
more rapidly compared to males, and have a higher Vd[11]. The ethnicity of the patients can also have
an effect on the CsA disposition. The bioavailability ofCsA(Sandimmun® and Neoral®) has been found
to be significantly lower in African American patients than in Caucasians[84].

CsA clearance is affected by patient’s disease states. Patients with congestive heart failure, may
experience alteration in the hepatic blood flow, which has been found to decreaseCsA clearance by as
much as 50% [85]. Liver diseasemay also alterCsA clearance. Patient with cirrhosis have been reported
to have low CsA clearance, which amounts to about half of that in liver or kidney transplant patients
[86]. Conditions which alter the renal clearance should not alter CsAclearance since only a small
proportion of CsA is excreted in urine.

7. Population Pharmacokinetics

Several challenges face classical PK studies of CsA,including extensive variability in PK parameters,
difficulties in obtaining enough patients that represent the population, difficulties in obtaining sufficient
blood samples per patient, and difficulties in following the patients for long periods. Population PK
studies, which rely on different statistical techniques such as mixed-nonlinear effect models, have
complemented classical PK studies and addressed these difficulties and allowed the use of sparse data
from a larger number of patient group with few samples per patients[87]. These models helped identify
different covariates which help prescribers in individualizing and optimizing CsA treatment plans.
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8. Advanced Cyclosporin Delivery Systems

Despite being a potent immunosuppressant, the increased use of CsA has been hindered by its safety
profile. ~ Several approaches have been proposed to reduce its side effects, including the co-
administration of other agents that reduce its toxicity, or the use of more advance drug delivery systems
such as lipid- or polymer- based nanocarriers[88]. The latter approach has been more hopeful, and
extensive research has already been carried out with promising results. Aliabadi et al have
developedmethoxy poly(ethylene oxide)-b-poly(e-caprolactone)based CsA micellar formulation that
solubilizes CsA, confines it to the blood and restricts its access to tissues, and thus potentially reduces
CsA related toxicity[89]. In-vivo and in-vitro studies showed the micellar formulation to have
equivalent immunosuppressant activity to Sandimmun®[90].

9. Conclusions

CsA is a potent immunosuppressant that has been effectively used to prevent graft rejection in
transplantation medicine and to treat several autoimmune diseases.The extensive variability of CsA
kinetics along with its narrow therapeutic index make regular PK profiling of patients as part of
routinelycarried out therapeutic drug monitoring very important to ensure safety and efficacy of the
treatment. Classical as well as population based PK studies provide information that aid in that regard. It
is anticipated that CsA will continue to be extensively used, especially with the emergence of advanced
delivery systems which target specific sites of action and reduce its toxicity.
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Figure 1. Structure of cyclosporin

Table 1. Factors which affect cyclosporin elimination

Factor Observation
Age = Pediatric patients clear CsA more rapidly compared to adults and thus require larger and more frequent
doses.

= CsA Clis 1.7-2 times higher in pediatric liver and kidney recipients compared with adults [82, 96].
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= Patients over 40 years oldshow 50% lower ClI and 25% lower Vss compared to patients 40 yearsor
younger in bone marrow transplantation [83].
= Higher CsA Cl was observed in patients less than 45 years old than patients over 45 years[11].
Gender = Female patients clear CsA more rapidly compared to males, and have a higher VVd[11].
Race = African Americans women clear CsA slightly faster than Caucasian women (Cl, 5.5 + 1.2 vs. 4.1 + 0.6
mL/min/kg) [84].
Liver = CsA clearance is impaired in patients with liver disease. In renal transplant patients, impairment of liver
disease function resulted in a reduction of Cl to 0.525 L/h/kg compared to the 0.786 L/h/kg found in patients with
normal liver function, and a 30 to 50% increase in AUC [97].
Food = Both Cl and Vd increase with high fat meals [53].
Body = Obese recipients of renal allografts dossed according to their actual body weight, but not according to
Weight their ideal body weight, show a trough concentration which is around twice that in non-obese patients
[98].
Dosage = The timing and frequency of dosing may alter CsA elimination.
Regimen

= CsA clearance is indicated to follow a diurnal variation, and Browne et al have developed a diurnal dosing
which improved therapy [99].

Other Drugs = Various drugs, especially those which cause a change in the activity of the hepatic-drug metabolising

system, have been reported to interact with CsA and alter its kinetics including elimination [100].
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