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Abstract

The preferred course of treatment for end-stage renal failure is kidney transplantation, but its success depends on efficient
and balanced immunosuppression. When taken with mycophenolate mofetil, calcineurin inhibitors (tacrolimus, ciclosporin)
show significant pharmacokinetic variability and a high risk of toxicity, necessitating careful therapeutic monitoring. This
study aims to assess plasma concentrations and side effects related to these compounds' use in kidney transplant recipients. A
prospective, descriptive study was realised at the Benflis Touhami University Hospital in Batna (Algeria) between March
2014 and December 2019. It included 246 patients who had received renal transplantation from living donors ; 210 on

tacrolimus and 36 on cyclosporine, all receiving mycopenolic acid (MMF) and corticosteroids, the residual (C,) and post-

dose (C>) concentrations were mesured by electrochemiluminescence. Kidney function and side effects were assessed over a

12-month period. In patients treated with tacrolimus, mean concentrations decreased from 11.8 ng/mL at the beginning of the
transplantto 8.5 ng/mL at the end of the first year after transplantation, with stable renal function. In patients treated with
cyclosporine, a gradual increase in creatinine and a decrease in glomerular filtration rate were observed. Adverse skin
effects (particularly acne) were significantly more frequent with cyclosporine (36.1%, p < 0.001), while neurological
disorders (tremors 15.5%) predominated with tacrolimus. Strong correlations were found between plasma concentrations
and renal function parameters, particularly for cyclosporine (r = 0.859 between C, and creatinine at 12 months).
Therapeutic monitoring using immunological methods is a reliable and effective tool for the individualised monitoring of
immunosuppressants in renal transplant patients. Tacrolimus has a better renal tolerance profile, while cyclosporine is more
often associated with skin effects. These results highlight the importance of personalised pharmacological monitoring in
order to optimise post-transplant care.

Keywords: Kidney transplantation, immunosuppressants, Tacrolimus, Cyclosporine, Electrochemiluminescence, Adverse
effects.

Introduction to 7 transplants per million inhabitants for several years*®. Post-

transplant immunosuppressive treatment is based mainly on
Renal transplantation is presently considered the preferred calcineurin inhibitors (cyclosporine and tacrolimus), often
treatment for many pepoles with end-stage renal disease’, a combined with mycophenolate mofetil (MMF). Although these
progressive and silent condition requiring dialysis or agents have significantly improved graft survival, their use
transplantation. The number of solid organ transplants remains limited by their potential toxicity®. Nephrotoxicity, in
performed worldwide continues to grow each year, with kidney  particular, is a major obstacle to improving long-term outcomes.
transplantsz3represent|ng a substantial proportion of these These molecules are characterised by high inter- and intra-
procedures™. individual variability, a narrow therapeutic margin and

numerous drug interactions, making it essential to implement
In the Arab World, transplant aCtiVity is characterised by the regu|ar therapeutic drug monitoring (TDM) to adjust the dosage
predominance of transplants from living donors. In Algeria, in order to maintain plasma concentrations within an effective

organ transplantation remains essentially limited to kidney and safe therapeutic range, thereby reducing the risk of rejection
transplants, mostly from living donors, with a stable rate of 6.5  or toxicity”®.
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Cyclosporine, which has been in use since the 1980s, is
associated with dose-dependent nephrotoxicity and several
undesirable metabolic effects (hypertension, hyperlipidaemia,
diabetes), as well as neurological and cutaneous side effects® ™.
Tacrolimus, a newer immunosuppressant, is often preferred
because of its superior efficacy and more favourable metabolic
profile, although it is more frequently associated with tremors
and an increased risk of post-transplant diabetes'*™. Several
studies have shown that patients with haematological disorders
had significantly higher residual concentrations of MMF than
those without adverse effects".

Due to their pharmacokinetic variability, these molecules
require rigorous and precise therapeutic monitoring. Measuring

residual concentrations (C,) remains the gold standard method
for tacrolimus and mycophenolate mofetil, whereas for
cyclosporine, an additional measurement taken two hours after
administration (C;) is preferable, as it better reflects the efficacy

and toxicity of the treatment™. Electrochemiluminescence
(ECLIA) has established itself as the reference analytical
method, combining sensitivity, specificity and speed, while

offering perfect compatibility with hospital laboratory
automation*”*®,

At the Benflis Touhami University Hospital in Batna,
therapeutic  monitoring of calcineurin  inhibitors by

electrochemiluminescence is an essential tool for optimising
post-transplant care. This approach allows for rapid and
individualised adjustment of immunosuppressive treatments,
thereby helping to prevent complications related to drug
toxicity.

Objective of the study: This study aims to analyse residual
plasma concentrations of immunosuppressants (ciclosporin,
tacrolimus and mycophenolate mofetil) in kidney transplant
patients monitored at the Batna University Hospital using the
electrochemiluminescence method, in order to evaluate the
contribution of therapeutic drug monitoring to the optimisation
of post-transplant care.

Materials and Methods

This is a descriptive, prospective and single-centre study,
conducted at the toxicology laboratory of the Benflis Touhami
university hospital centre (CHU) in Batna (Algeria), in
collaboration with the nephrology department, between March
2014 and December 2019.

Population of study: Our study included 246 patients who had
received kidney transplants from living donors. All received an
immunosuppressive induction protocol. The patients were
divided into two groups:

Group A (n =
(MMF) and corticosteroids, and Group B (n =
cyclosporine, MMF and corticosteroids.

210) on tacrolimus, mycophenolate mofetil
36) on
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Inclusion and exclusion criteria: All kidney transplant
patients, regardless of age or gender, followed at the Batna
University Hospital and receiving immunosuppressant dosing at
the toxicology laboratory were included in this study. Patients
transplanted at other centres, those receiving
immunosuppressive treatment for a condition unrelated to
kidney transplantation, and patients whose pharmacological
follow-up could not be ensured locally were excluded.

Monitoring biological in post-transplant: Pharmacological
monitoring: Dosages were measured for tacrolimus (C,) 12

hours after the last dose, MMF (C,) and cyclosporine (C, and

C,), the latter measured two hours after dosing. Blood samples

were taken on days 7, 1, 2, 3, 6 and 12 months post-transplant,
in éthylénediamine tétraacétiqueacide (EDTA) tubes for
calcineurin inhibitors and in heparinised tubes for MMF and
biochemical parameters.

Renal function: Renal function was assessed by measuring
urea, creatinine, renal clearance and glomerular filtration rate
(GFR), estimated using the MDRD and CKD-EPI equations.

Analytical methods: Calcineurin inhibitors (tacrolimus,
ciclosporin) were measured by competitive
electrochemiluminescence immunoassay, using streptavidin-
coated microparticles and specific biotinylated antibodies. Urea
was measured by a kinetic enzymatic method using urease and
glutamate dehydrogenase at 340 nm, while creatinine was
measured by a colorimetric method based on the reaction with
picric acid.

Mycophenolic acid (MPA) was quantified by an enzymatic test
based on IMPDH Il in the presence of nicotinamide adenine
dinucleotide (NAD). Samples were stored in accordance with
the manufacturer's recommendations, and all analytical steps
were performed according to standard operating procedures.
The assays were performed on Cobas Integra analysers (Roche
Diagnostics).

Data collection: Biological, clinical and demographic data were
collected from consultation registers and sample collection
forms. The variables analysed included the characteristics of the
donor and recipient couples, immunosuppression protocols,
comorbidities, biological parameters and adverse effects.

Statistical analysis: The quantitative variables were expressed
as mean * standard deviation, median, minimum and maximum
intervals, compared using Student's t-test. However the
qualitative variables were expressed as frequencies and
percentages, compared using the chi-square test. Correlations
were assessed using Pearson's test. The significance threshold
was set at p < 0.05.
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Ethical considerations: The data were processed anonymously
and confidentially, in accordance with medical confidentiality
requirements. No conflicts of interest were declared.

Results and Discussion

General characteristics: The study population consisted of 246
patients, divided between donors and recipients. The
sociodemographic characteristics are shown in Table-1:
Proportions of adverse effects by treatment: The incidence of
adverse effects related to the use of tacrolimus and cyclosporine
in kidney recipients in our study are shown in Table-2:

Primary nephropathy: Table-3 presents the distribution of the
different causes of primary kidney disease by
immunosuppressive treatment.
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Dialysis period and type: Pre-transplant dialysis
characteristics, including presence and dialysis modality, are
presented in Table-4.

Evolution of biological and pharmacokinetic parameters
post-transplant: The longitudinal trajectories from day 7 to
month 12 for each parameter are shown in Table-5.

Comparison of study parameters by sex and age: The
comparison of sociodemographic factors under the two
calcineurin inhibitors is presented in Table-6.

Main correlations among biological, pharmacokinetic, and
clinical parameters by post-transplant period: The
correlation between biological, pharmacokinetic and clinical
parameters according to the post-transplant period is shown in
Table-7.

Table-1: Sociodemographic characteristics of the study population (n=246).

Variables Patients Results (%)
Age (years) Mean £ SD 43,36 + 10,26
Donors Most common age group 41-50 years old | 31
Sex Female/male 59/41
Age (years) Mean £ SD 35,54 £9,82
Most commonage group 31-40 years old 34
Sex Female/male 68,3/31,7
Body mass index Normal (18,5-24,9 kg/m?) 64
Marital status Married 66
Receveurs
Place of residence Wilaya of Batna / Outside Batha 40/ 60
Socio-economicstatus Civil servants 73,6
Occupation Freelance work / Students & homemakers 29/20
Donor-recipient relationship Mother / Brother 27122
Blood group O Rh+ 42

Table-2: Incidence of adverse effects according to immunosuppressive treatment.

Variables Category Tacrolimus (n=206) | Cyclosporine (n=36) | p-value (Chi2)
Neurological disorders Tremors 15.5% 8.3% 0.38
Acne 5.8% 36.1% <0.001
Cutaneous disorders
Chute de Cheveux 10% 0% 0.05
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Gastrointestinal disorders Diarrhea and Vomiting 4.8% 2.8% 0.1
Infectious disorders (unspecified) | ------ 5.3% 8.3% 0.34
Table-3: Origin of nephropathy among recipient patients.
Variable Origin of nephropathy Tacrolimus Cyclosporine | p-value (Chi2)
Hypertension 47.6% (98) 41.7% (15)
Diabetes 19.4% (40) 19.4% (7)
Primary nephropathy | Autosomal dominant polycystic kidney disease 8.7% (18) 13.9% (5) 0.35
Malformative uropathy 7.3% (15) 5.6% (2)
Undetermined 17.0% (35) 19.4% (7)
Table-4: Dialysis type and modalitys.
Variable Observation Tacrolimus Ciclosporine P-valeur
Dialyse Presence 90.3% 94.4% 0.65
Hemodialysis 82.5% 77.8%
Type de dialyse 0.72
Peritonealdialysis 9.7% 11.1%
Table-5: Evolution of biological and pharmacokinetic parameters post-transplant.
Paramétres Treatment 37 M 2M 3Mm 6M 12M
administered
Tacrolimus 1245 111,6 107,1 106,1 102,6 102,0
Creatinine (umol/L)
Cyclosporine 108,0 116,6 119,0 119,4 128,8 133,2
Tacrolimus 8,30 7,51 7,14 6,88 6,76 6,78
Urea (mmol/L)
Cyclosporine 8,63 8,46 8,35 8,14 8,06 7,92
Tacrolimus 71,6 73,2 74,5 75,1 75,8 75,9
GFR MDRD (mL/ min/1.73m?)
Cyclosporine 70,7 69,1 67,8 66,7 65,2 64,0
Tacrolimus 74,4 77,9 79,9 81,1 82,3 82,9
GFR CKD-EPI (mL/min/1.73 m?)
Cyclosporine 76,3 73,4 71,2 69,9 68,0 67,7
Tacrolimus 75,5 78,0 79,5 80,3 81,8 82,4
Creatinine clearance (mL/min)
Cyclosporine 57,3 57,1 56,9 56,8 56,8 56,8
Co Tacrolimus (ng/mL) 11,8 12,4 11,3 10,4 9,2 8,5
Tacrolimus dose (mg/kg/j) Tacrolimus 0,13 0,12 0,11 0,10 0,10 0,09
Co/dose ratio 1,27 1,63 1,92 2,08 2,15 2,21
Cy Cyclosporine (ng/mL) --- 164,0 159,0 153,0 144,0 135,0
Cyclosporine
C, Cyclosporine (ng/mL) - 870,0 892,0 841,0 756,0 699,0
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Cyclosporine dose (mL/j) 0,040 0,040 0,040 0,037 0,032
Co MMF (pg/mL) Tacrolimus 2,39 2,87 3,08 3,32 3,54 3,71
MMF dose (mg/j) Tacrolimus 1700 1600 1550 1500 1400 1308
Table-6: Comparisons by gender and age (Tacrolimus and Cyclosporine).
Immunosuppres§ lve Significant parameters Periods concerned and p-values Results
treatment/ covariable
Co J7 (0,001), 1M (0,02), 3M (0,01) Early differences at 7days
Creatinine J7 (0,04), 1M (<10™ * ), 3M (0,006) Significant differences
Tacrolimus — Sexe
Dose 1M (0,004), 3M (0,01), 12M (0,01) Significant differences
Age J7 (0,003), 1M (0,003), 3M (<10~ 3) Significant differences
Co J7 (<10™ *), 1M (0,01) Differences according to age
- Creatinine 1M (0,02), 3M (0,03) Significant differences
Tacrolimus — Age
MMF 12M (0,006) Late difference at 12M
Dose 1M, 3M, 12M (all <10~ *) Strong significant differences
Co 3M (0,001) Significant differences
Cyclosporine — Sexe
c2 3M (0,007) Significant differences
R Poids J7 (0,002), 12M (0,03) Significant differences
Cyclosporine — Age
Co J7 (0,004) Early significant differences

Table-7: Main correlations between biological, pharmacokinetic and clinical parameters.

Treatments for

transplant patients Parameters Post-transplant periods and Coefficient (r) Intensity
Covs. C, 1M 0,780), 3M (0,639), 12M (0,579) Strong correlations
Co vs. Urea J7 (0,710), 2M (0,860), 12M (0,927) Very strong correlations

CO0 vs. Créatinine

1M (0,567), 2M (0,676), 12M (0,859)

Strong correlations at 12M

Cyclosporine

C,vs.Creatinine

2M (0,716), 3M (0,560)

Moderate correlations

Weight vs. Kidney Function 3M (0,805), 6M (0,759) Strong correlations
Covs Dose J7-12M Weak positive correlation
Tacrolimus
Co vs CKD-EPI 3M-12M Weak positive correlation

Discussion: This study highlights the clinical, biological and
pharmacokinetic characteristics of renal transplant patients
treated with two calcineurin inhibitors such us tacrolimus and
cyclosporine. The recipients were predominantly young men,
with a mean age of 35.5 years, in contrast to the donors, who
were older and predominantly female. This profile is consistent
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with epidemiological data reported in the literature®, where the
recipient population remains generally male and of working age.
Although tacrolimus and cyclosporine share a common
mechanism of action as calcineurin inhibitors, their tolerance
profiles show notable differences. Neurologically, tremors were
observed more frequently with tacrolimus (15.5%) than with
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cyclosporine (8.3%), with no statistically significant difference
(p = 0.38). These tremors, generally localised in the extremities,
are consistent with data in the literature reporting that tremor is
one of the most common neurotoxic effects of tacrolimus, often
dose-dependent and associated with plasma concentrations
above 15ng/mL, which are considered toxic?®. Skin disorders
were significantly more common with ciclosporin (36.1%) than
with tacrolimus (5.8%), with a highly significant value (p <
0.001). Conversely, hair loss was reported only in patients
taking tacrolimus (10%) and not in those taking cyclosporine (p
= 0.05). These results highlight the specific dermatological
profiles of each molecule, which is consistent with previous
studies highlighting the frequency of hypertrichosis and acne
with ciclosporin, and alopecia with tacrolimus?.

With regard to infectious complications, no difference
signification was found between the two groups (5.3% vs. 8.3%);
p = 0.34). Similarly, gastrointestinal disorders (diarrhoea and
vomiting) were infrequent and comparable (4.8% vs. 2.8%; p =
0.10). These results are consistent with those of several previous
studies showing that the frequency of infections and digestive
disorders is more related to the cumulative dose of
immunosuppressants than to the molecule used®.

Biologically, the evolution of renal function during follow-up
shows a gradual improvement with tacrolimus, contrasting with
a slow but continuous deterioration in patients on cyclosporine.
This difference suggests better renal tolerance of tacrolimus,
which has been confirmed in several multicentre studies®.
Pharmacokinetically, tacrolimus shows a gradual decrease in

residual concentrations (C,) in parallel with the reduction in

daily dose (0.13 to 0.09 mg/kg/day). The C,/dose ratio

increases, reflecting stable exposure at decreasing doses,
probably related to pharmacokinetic adaptation and optimal
therapeutic adjustment over the course of follow-up.
Mycophenolic acid administered in combination with tacrolimus
shows a gradual increase in residual concentration (2.39 to 3.71

pg/mL) despite dose reduction. Under cyclosporine, Cy and C,

concentrations gradually decrease with dose, but renal function
continues to deteriorate, suggesting molecule-specific
nephrotoxicity, which is well documented in the literature®*. The
analysis of sociodemographic factors indicates that age and
gender significantly influence residual concentrations and
dosage regimen during the first year post-transplant, while renal
function remains broadly comparable across categories. A
strong correlation was observed between ciclosporinemia and
urea at different follow-up times, suggesting a direct impact of
treatment exposure on short- and medium-term renal status.

Conclusion

This study confirm that tacrolimus has better renal tolerance and
a more stable pharmacokinetic profile, although it is more often
associated with neurological effects and alopecia. Cyclosporine,
on the other hand, remains effective but is associated with more
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pronounced cutaneous and renal toxicity. These observations
highlight the need for individualised therapeutic monitoring in
order to optimise the benefit/risk balance and improve long-term
graft survival.
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