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Abstract

Aim: Cyclosporine A (CsA) is highly variable pharmacoki-
netically and has a narrow therapeutic window; the serum
level of patients treated with CsA must be monitored care-
fully. We investigated the trough and second-hour serum
levels of CsA, the calculated area under the curve (AUC),
and their association of those factors with chronic allograft
dysfunction in pediatric patients.

Methods: Fifteen renal allograft recipients (8 boys and 7
girls; mean age, 15.2 + 3.5 years) who were undergoing
treatment with cyclosporine were included in the study. The
patients were divided into 2 groups according to the serum
creatinine level and the presence of proteinuria: The “sta-
ble” group (n = 10, serum creatinine level < 1. 5 mg/dL, no
proteinuria) and the “chronic allograft dysfunction (CAD)”
group (n = 5, serum creatinine level > 1.5, and/or daily pro-
tein excretion > 4 mg/m?h). Trough (C;) and second-hour
(C,) cyclosporine serum levels were measured, and AUC
values was calculated according to the formula (AUC = 990
+10.74 x C  +2.28 x C,).

Results: The mean duration of post transplant follow-up
was 25 + 23 months (range, 8-72 months). The mean cy-
closporine dose was 4.8 + 1.4 mg/kg/d. The mean C, C,
and calculated AUC values were 91.5 + 62.1 ng/mL, 561.2
+ 241.5 ng/mL, and 3380 £ 996 ng.h/mL, respectively. Pa-
tients in the stable group had a history of fewer acute rejec-
tion episodes than did patients with CAD (P < 0.05). Calcu-
lated AUC values in the patients with CAD were significantly
higher than in the stable patients. C; and C, levels did not
correlate with CAD.

Conclusion: In the monitoring of cyclosporine dosing for
the follow-up of CAD, calculated AUC values may be a bet-
ter parameter than levels of C or C, alone.
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Introduction

Since the 1980s, cyclosporine (CsA) has been the
major immunosuppressive agent used for the preven-
tion and treatment of allograft rejection [1]. It is also
a widely used drug for treatments of nephrotic syn-
dromes, rheumatologic disorders and cancers. CsA
is a highly lipophilic molecule that displays important
variations in absorption; those variations result in high-
ly variable pharmacokinetics [2]. Dosing of CsA is also
complicated by the narrow therapeutic window that
allows adequate T-cell immunosuppression with a min-
imum risk of adverse events such as hypertension or
renal dysfunction [3]. For that reason, the serum levels
of patients treated with CsA must be monitored closely.

The satisfactory immunosuppressive effects of CsA
correlate with drug exposure, which is indicated by the
calculated area under the curve (AUC). However, cal-
culated AUC measurement is not practical in patients
treated with CsA as maintenance therapy after renal
transplantation [4,5]. The utility of serum cyclosporine
second hour levels for adequate drug dose determina-
tion during the first year has been well characterized,
but there are few data on its utility on maintenance
therapy [6]. In this study, we investigated the trough
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levels and second-hour serum levels of CsA, the calcu-
lated AUC values, and the association of those factors
with chronic allograft dysfunction (CAD) in pediatric re-
nal allograft recipients.

Materials and Methods

The patient population consisted of 15 renal al-
lograft recipients (8 boys and 7 girls; mean age, 15.2
3.5 years) who were undergoing treatment with vari-
ous dosages of CsA, mycophenolate mofetil (1200 mg/
m?/d), and prednisolone (0.25 mg/kg/d). CsA was start-
ed within the first 12 hours after transplantation with a
dose between 4 - 6 mg/kg/day given orally, twice dai-
ly. Cyclosporine dosage was adjusted related to serum
concentrations during follow-up. Cyclosporine intake
was recommended before meal.

The age and sex of each patient, the cause of chronic
renal failure, the post transplant follow-up duration, and
the number of acute allograft rejection episodes, the
dose of CsA, the cold ischemia time, and the patient’s
HLA status were recorded. Testing, including complete
blood count and other biochemical analyses, were per-
formed on a blood sample obtained from each patient.
Daily protein excretion in urine was determined by 24-
hour urine collection. Trough (C)) and second-hour (C,)
cyclosporine serum levels were measured by fluores-
cence polarization immunoassay (AxSYM System, Cyclo-
sporine, Cat No: 34-3164/R8, Abbott, IL, USA). Through
serum level samples were obtained before morning
dose of CsA and second-hour serum level samples were
obtained two hours after morning dose. The AUC value
was calculated according to the formula (AUC = 990 +
10.74 x C +2.28 x C,) [3].

Patients were grouped according to their serum cre-
atinine level and the presence of proteinuria as “stable”
(n = 10, serum creatinine level < 1.5 mg/dL, and daily
protein excretion < 4 mg/m?/h) or CAD (n = 5, serum
creatinine level > 1.5 mg/dL, and/or daily protein excre-
tion > 4 mg/m?/h). Another drug different from stable
group was not administered in CAD group during sam-
pling time. Last treatment for rejection episode in CAD
group was at least 1 month ago before sampling time.
The Mann-Whitney U and the chi-square test were used
to compare the patient groups. Pearson correlation

was used to determine the correlations. A value for P
less than 0.5 was considered significant. Local ethical
committee approval and voluntary informed consent
were obtained. The authors confirm that there are no
known conflicts of interest associated with this publi-
cation.

Results

The mean post transplant follow-up duration was 25
+ 23 months (range, 8-72 months). The mean cyclospo-
rine dose was 4.8 + 1.4 mg/kg/d. The mean C, C, and
calculated AUC levels were 91.5 + 62.1 ng/mL, 561.2
+ 241.5 ng/mL, and 3380 + 996 ng.h/mL, respectively
(Table 1). Body mass index of patients in stable group
was between 85" and 95™ percentiles (overweight) for
seven patients and was above 95" percentile (obese)
for three patients. Body mass index of patients in CAD
group was between 85" and 95™ percentiles for 2 pa-
tients and was above 95 percentile for three patients.

Table 1: Demographic profile of patients and results of laboratory
testing.

N =15

Age (y) 15.2+3.5
Sex (male/female) 8/7
Post transplant duration (mo) 25+23
Primary disease

Urologic 6

Chronic glomerulonephritis 6

Tubulointerstitial nephritis 1

Nephronophythisis 1
Unknown 1
Cyclosporine dosage (mg/kg/d) 48+14
Renal function (n)

Stable patients 10

Patients with CAD 5
C,(ng/mL) 91.5+62.1
C, (ng/mL) 561 +241
AUC (ng.h/mL) 3380 + 996

CAD: Chronic Allograft Dysfunction; C;: Serum Cyclosporine Trough
Level; C,: serum Cyclosporine Second-Hour Level; AUC: Area under
the Curve

Table 2: Pharmacokinetic profile of subjects and cyclosporine dose.

Stable Patients (n = 10)

Patients with CAD (n =5)

Cyclosporine dosage (mg/kg/d)

4619

4.4+25

C,(ng/mL) 73.5+61.4 132.5+54.8
C, (ng/mL) 501.1+242.4 692.1+118.2
AUC (ng.h/mL)" 2868 + 1058 4380 + 542
Acute rejection attacks (n)" 2/10 4/5
Glomerular filtration rate (mL/min/1.73 m?) 84 +29 76 £51
Posttransplant duration (mo) 20.4£22.8 34.1+21.5

'P<0.05
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The stable group had a history of less acute allograft
rejection than did the patients with CAD (2 of 10 patients
versus 4 of 5 patients, respectively, P < 0.05). Calculat-
ed AUC values in patients with CAD were significantly
higher than those in stable patients (4380 + 542 ng.h/
mL and 2868 + 1058 ng.h/mL, respectively, P < 0.05). A
significant relationship was noted between the calculat-
ed AUC levels and CAD (r=0.58, P<.05). C and C, levels
did not correlate with CAD (Table 2).

The age of the subjects, the primary disease, the
drug absorption profile, cold ischemia time, and HLA
status were similar between the groups. We could not
demonstrate any significant correlation between body
mass index and C, and C, levels and AUC values. Am-
lodipine was used by 3 patients in stable group and 4
patients in CAD group due to hypertension.

Discussion

The introduction of CSA was a major advance in the
prevention and treatment of allograft rejection. Because
CsA, the drug of first choice in transplantation surgery,
is characterized by a low therapeutic index and variable
absorption, close monitoring of patients undergoing
treatment with that drug is required to optimize dosing.
Because of the interpatient and intrapatient variability
of the pharmacokinetics of CsA, frequent dosage modi-
fications of trough levels can result in increased toxicity
or insufficient immunosuppression.

The AUC-based monitoring of CsA dosing helps to
optimize therapeutic drug monitoring and provides
the most accurate determination of the serum level
of CsA for “ideal immunosuppression,” which includes
the absence of adverse effects and the preservation of
renal function [1,4,5]. However, conventional methods
of measuring the AUC value require multiple analyses
of the serum level of CsA during the 12-hour dosing
interval, which is impractical and expensive especial-
ly for patients receiving maintenance treatment [1,3].
Fortunately, the estimated AUC value that is based on
a limited number of blood analyses has been shown to
be strongly correlated with the full analysis of AUC [7].
In the literature, several therapeutic time points have
been suggested for use in the prediction of AUC values
in patients undergoing treatment with CsA [3,7]. Sam-
pling times within the first 4 hours of drug treatment
with an interval of 2 hours between 2 points have been
shown to be accurate [3,8,9]. In most institutions, in-
cluding ours, trough and C, levels are frequently used
to monitor CsA serum levels in the follow-up of patients
who have undergone renal transplantation. It has been
recently noted that when C, and C, are evaluated sep-
arately, C levels correlate poorly with AUC values, al-
though C, levels correlate satisfactorily with those val-
ues [10]. However, the formula that is based on both C;
and C, levels has been shown to be an accurate method
of estimating AUC values [10,11]. We thus used that for-
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mula to calculate AUC values according to 2 time points,
an approach that required no additional cost other than
that of routine workup.

Hypertension related to the stimulation of renal so-
dium chloride co-transporter may be a side effect of
CsA [12]. Amlodipine is one of the widely used drugs for
treatment. It was reported that calcium channel block-
ers such as verapamil, diltiazem or nicardipine can af-
fect CsA serum level, but amlodipine has more harmless
effects on CsA serum level [13]. We have not any need
of dosage adjustment of CsA in 7 of 15 of our patients
who received amlodipine.

Timing between meal and CsA intake and meal com-
position may influence drug absorption and serum lev-
el. It is difficult to determine these effects in vivo for
each food. Recent studies mentioned that the largest
influence of food realizes during the first few hours and
especially lipid consumption may affect CsA serum lev-
el [14,15]. For these reasons we recommended our pa-
tients to intake their drug before meal.

It was demonstrated that body weight and body fat
distribution is important for CsA blood levels and graft
outcomes [16]. We could not show any effect of body
weight on CsA serum levels. All patients of our study
group were overweight or obese. We have not any pa-
tients group in normal body weight ranges. Our discor-
dant finding about body weight with recent studies may
be related with our study group.

Research has shown that calculated AUC values cor-
relate with clinical events that occur during the post
transplant period better than with single pharmacoki-
netic parameters. Many studies demonstrate that C,
monitoring enables good tailoring of immunosuppres-
sive therapy in the early post transplant period [17,18].
However, target serum levels for maintenance therapy
have not been well established. Recently, Hu and col-
leagues [4] demonstrated that C, and C levels did not
differ in patients who exhibited a serum creatinine level
> 1.5 mg/dL and < 1.5 mg/dL 1 year after having under-
gone renal transplantation. Those authors concluded
that C, levels did not correlate with the long-term out-
come of renal function. In this study, the relation be-
tween C, levels and long-term outcome of renal func-
tion was evaluated but the importance of calculated
AUC in CAD has not been examined. In our study we
found that the mean calculated AUC value was signifi-
cantly higher in patients with CAD. On the other hand,
Weber and colleagues [1] examined the levels of C and
C, and the calculated AUC values 3 weeks and 3 and 6
months after renal transplantation and the association
of those values with the number of acute rejection epi-
sodes. Those investigators found that patients with low-
er calculated AUC levels 3 weeks after renal transplan-
tation had a higher rate of acute rejection episodes than
did those with higher calculated AUC values. C  and C,
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levels did not differ between patients with or without
acute rejection during the early post transplant peri-
od. In another study Vavic and colleagues found that C,
was a good predictor of acute graft rejection, while C;
failed to point to the patients with the insufficient drug
concentration [8]. Also Chang and colleagues demon-
strated that C, monitoring has shown great promise as
a comparatively safe and effective method to optimize
outcomes among patients receiving CsA [19]. However,
Einecke and colleagues recently showed that C, moni-
toring is limited as a predictor for the risk of rejection or
CsA toxicity [20]. Narula and colleagues could not define
a correlation between CsA trough levels and episodes of
acute rejection [21]. In all these studies the relationship
between CsA and calculated AUC with acute rejection
was investigated. But chronic allograft dysfunction has
not been evaluated.

The results of our study demonstrated that the
mean calculated AUC value was higher in patients with
CAD than in stable patients at a mean follow-up of 24
months after renal transplantation, perhaps because of
the decreased elimination of CsA in patients with de-
creased renal function. However, C  and C, levels were
not different between stable patients and those with
CAD. Thus, because AUC levels are important in select-
ing treatment that prevents insufficient immunosup-
pression during the early post transplant period, those
values are also helpful in decreasing the overexposure
to CsA in long-term follow-up.

We conclude that calculated AUC values may be a
better parameter in the monitoring of cyclosporine dos-
ing for the follow-up of chronic allograft dysfunction
than are C and C, levels alone.

References

1. Maham N, Cardella C, Cattran D, Fenton S, O’grady C, et
al. (2001) Optimization of cyclosporine exposure utilizing
C(2) level monitoring in de novo renal transplant recipients:
The Toronto General Hospital experience. Transplant Proc
33: 3098-3099.

2. Diaz Jm, Sainz Z, Guirado L, Montanes R, Picazo M, et al.
(2003) Assessment of cyclosporine therapeutic monitoring
with C2 concentrations in stable renal allograft recipients.
Transplant Proc 35: 1783-1784.

3. Einecke G, Mai I, Diekmann F, Fritsche L, Boehler T, et
al. (2001) Optimizing neoral therapeutic drug monitoring
with cyclosporine trough (C(0)) and C(2) concentrations in
stable renal allograft recipients. Transplant Proc 33: 3102-
3103.

4. Hu Rh, Tsai Mk, Lee Ph (2004) Evaluation of cyclospo-
rine C2 levels in long-term stable renal allograft recipients.
Transplant Proc 36: 2105-2107.

5. Nemati E, Einollahi B, Taheri S, Moghani-Lankarani M, Ka-
lantar E, et al. (2007) Cyclosporine trough (C0) and 2-hour
postdose (C2) levels: Which one is a predictor of graft
loss?. Transplant Proc 39: 1223-1224.

6. Seron D, Moreso F (2004) Preservation of renal function
during maintenance therapy with cyclosporine. Transplant
Proc 36: 257S-260S.

Gulleroglu et al. Int J Transplant Res Med 2021, 7:061

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Amante Aj, Kahan Bd (1996) Abbreviated AUC strategy for
monitoring cyclosporine microemulsion therapy in the im-
mediate posttransplant period. Transplant Proc 28: 2162-
2163.

Neven Vavié, Ljiljana Ignjatovi¢, Biljana Draskovi¢, Rajko
Hrvacevi¢, Zoran Kovacevic, et al. (2008) Efficacy of ther-
apeutic monitoring of cyclosporine through C2 and AUC
(0-4) during the first 24 months following kidney transplan-
tation. Vojnosanit Pregl 65: 119-127.

Elijebari H, Fradj NB, Salouge |, Gaies E, Trabelsi S, et
al. (2012) Estimation of abbreviated cyclosporine A area
under the concentration-time curve in allogenic stem cell
transplantation after oral administration. J Transplant 2012:
342701.

David-Neto E, Araujo LP, Alves CP, Sumita NN, Romano
P, et al. (2002) A strategy to calculate cyclosporin A area
under the time-concentration curve in pediatric renal trans-
plantation. Pediatr Transplant 6: 313-318.

Cui W, Zhao H, Wang C, Chen Y, Luo C, et al. (2019)
Co-encapsulation of docetaxel and cyclosporin A into
SNEDDS to promote oral cancer chemotherapy. Drug De-
liv 26: 542-550.

Calo LA, Ravarotto V, Simioni F, Naso E, Marchini F, et al.
(2017) Pathophysiology of post transplant hypertension in
kidney transplant: Focus on calcineurin inhibitors induced
oxidative stress and renal sodium retention and implica-
tions with RhoA/Rho kinase pathway. Kidney Blood Press
Res 42: 676-685.

Campana C, Regazzi MB, Buggia |, Molinaro M (1996)
Clinically significant drug interactions with cyclosporine.
Clinical Pharmokinet 30: 141-179.

Curtis JJ, Jones P, Barbeito R (2006) Large within-day vari-
ation in cyclosporine absorption: Circadian variation or food
effect? Clin J Am Soc Nephrol 1: 462-466.

Rtel MB, Ternant D, Buchler M, El Hassouni M, Khabbal Y,
et al. (2021) Food and lipid intake alters the pharmacoki-
netics of cyclosporine in kidney transplants. Fundamental
& Clinical Pharmacology 35: 446-454.

Kasap B, Soylu A, Turkmen M, Kavukgu, S Bora, et al.
(2006) Effect of obesity and overweight on cyclosporine
blood levels and renal functions in renal adolescent recipi-
ents. Transplant Proc 38: 463-465.

Weber Lt, Armstrong Vw, Shipkova M, Feneberg R, Wiesel
M, et al. (2004) Members of the german study group on
pediatric renal transplantation. Cyclosporin A absorption
profiles in pediatric renal transplant recipients predict the
risk of acute rejection. Ther Drug Monit 26: 415-424.

Kalyoncu M, Topaloglu R, Bayrakci U, Bakkaloglu A, Bes-
bas N, et al. (2006) Cyclosporine drug monitoring with C,
and C, concentrations in children with stable renal allograft
function. Pediatr Transplant 10: 168-171.

Chang HR, Lin CC, Lian JD (2007) Predictors of renal func-
tion improvement following tacrolimus conversion in cyc-
losporine-treated kidney transplant recipients. Transplant
Proc 39: 3135-3141.

Einecke G, Schutz M, Mai |, Fritsche L, Giessing M, et al. (
2005) Limitations of C, monitoring in renal transplant recip-
ients. Nephrol Dial Transplant 20: 1463-1470.

Narula AS, Murthy MSN, Patrulu KSK, Saxena VK (2004)
Routine cyclosporine concentration-C, level monitoring.
Is it helpful during the early post transplant period? Med J
Armed Forces India 60: 326-328.

e Page 4 of 4 »



https://doi.org/10.23937/2572-4045.1510061
https://pubmed.ncbi.nlm.nih.gov/8769187
https://pubmed.ncbi.nlm.nih.gov/8769187
https://pubmed.ncbi.nlm.nih.gov/8769187
https://pubmed.ncbi.nlm.nih.gov/8769187
https://pubmed.ncbi.nlm.nih.gov/18365668
https://pubmed.ncbi.nlm.nih.gov/18365668
https://pubmed.ncbi.nlm.nih.gov/18365668
https://pubmed.ncbi.nlm.nih.gov/18365668
https://pubmed.ncbi.nlm.nih.gov/18365668
https://www.hindawi.com/journals/jtrans/2012/342701
https://www.hindawi.com/journals/jtrans/2012/342701
https://www.hindawi.com/journals/jtrans/2012/342701
https://www.hindawi.com/journals/jtrans/2012/342701
https://www.hindawi.com/journals/jtrans/2012/342701
https://pubmed.ncbi.nlm.nih.gov/12234272
https://pubmed.ncbi.nlm.nih.gov/12234272
https://pubmed.ncbi.nlm.nih.gov/12234272
https://pubmed.ncbi.nlm.nih.gov/12234272
https://pubmed.ncbi.nlm.nih.gov/31090467
https://pubmed.ncbi.nlm.nih.gov/31090467
https://pubmed.ncbi.nlm.nih.gov/31090467
https://pubmed.ncbi.nlm.nih.gov/31090467
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/29131070
https://pubmed.ncbi.nlm.nih.gov/8906896
https://pubmed.ncbi.nlm.nih.gov/8906896
https://pubmed.ncbi.nlm.nih.gov/8906896
https://pubmed.ncbi.nlm.nih.gov/17699246
https://pubmed.ncbi.nlm.nih.gov/17699246
https://pubmed.ncbi.nlm.nih.gov/17699246
https://onlinelibrary.wiley.com/doi/epdf/10.1111/fcp.12591
https://onlinelibrary.wiley.com/doi/epdf/10.1111/fcp.12591
https://onlinelibrary.wiley.com/doi/epdf/10.1111/fcp.12591
https://onlinelibrary.wiley.com/doi/epdf/10.1111/fcp.12591
https://pubmed.ncbi.nlm.nih.gov/16549148
https://pubmed.ncbi.nlm.nih.gov/16549148
https://pubmed.ncbi.nlm.nih.gov/16549148
https://pubmed.ncbi.nlm.nih.gov/16549148
https://pubmed.ncbi.nlm.nih.gov/15257072
https://pubmed.ncbi.nlm.nih.gov/15257072
https://pubmed.ncbi.nlm.nih.gov/15257072
https://pubmed.ncbi.nlm.nih.gov/15257072
https://pubmed.ncbi.nlm.nih.gov/15257072
https://pubmed.ncbi.nlm.nih.gov/16573602
https://pubmed.ncbi.nlm.nih.gov/16573602
https://pubmed.ncbi.nlm.nih.gov/16573602
https://pubmed.ncbi.nlm.nih.gov/16573602
https://pubmed.ncbi.nlm.nih.gov/18089339
https://pubmed.ncbi.nlm.nih.gov/18089339
https://pubmed.ncbi.nlm.nih.gov/18089339
https://pubmed.ncbi.nlm.nih.gov/18089339
https://pubmed.ncbi.nlm.nih.gov/15840681
https://pubmed.ncbi.nlm.nih.gov/15840681
https://pubmed.ncbi.nlm.nih.gov/15840681
https://pubmed.ncbi.nlm.nih.gov/27407668
https://pubmed.ncbi.nlm.nih.gov/27407668
https://pubmed.ncbi.nlm.nih.gov/27407668
https://pubmed.ncbi.nlm.nih.gov/27407668
https://pubmed.ncbi.nlm.nih.gov/11750331
https://pubmed.ncbi.nlm.nih.gov/11750331
https://pubmed.ncbi.nlm.nih.gov/11750331
https://pubmed.ncbi.nlm.nih.gov/11750331
https://pubmed.ncbi.nlm.nih.gov/11750331
https://pubmed.ncbi.nlm.nih.gov/12962794
https://pubmed.ncbi.nlm.nih.gov/12962794
https://pubmed.ncbi.nlm.nih.gov/12962794
https://pubmed.ncbi.nlm.nih.gov/12962794
https://pubmed.ncbi.nlm.nih.gov/11750333
https://pubmed.ncbi.nlm.nih.gov/11750333
https://pubmed.ncbi.nlm.nih.gov/11750333
https://pubmed.ncbi.nlm.nih.gov/11750333
https://pubmed.ncbi.nlm.nih.gov/11750333
https://pubmed.ncbi.nlm.nih.gov/15518762
https://pubmed.ncbi.nlm.nih.gov/15518762
https://pubmed.ncbi.nlm.nih.gov/15518762
https://pubmed.ncbi.nlm.nih.gov/17524938
https://pubmed.ncbi.nlm.nih.gov/17524938
https://pubmed.ncbi.nlm.nih.gov/17524938
https://pubmed.ncbi.nlm.nih.gov/17524938
https://pubmed.ncbi.nlm.nih.gov/15041349
https://pubmed.ncbi.nlm.nih.gov/15041349
https://pubmed.ncbi.nlm.nih.gov/15041349

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Materials and Methods 
	Results
	Discussion
	Table 1
	Table 2
	References

