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ABSTRACT 

Objective: The aim of this study is to evaluate the therapeutic monitoring process of cyclosporine and tacrolimus in 

kidney transplant patients and its effect on optimizing therapy. 

Materials and method:A retrospective cross sectional design was adopted and data collected from 150 records of 

patients who underwent kidney transplantation and receiving immunosuppressant treatment (cyclosporine or 

tacrolimus) in the first six months after kidney transplantation.  

Results:The results showed that 66% of patients who treated with cyclosporine or tacrolimus achieved the desired 

therapeutic range, compared to 18% with sub-therapeutic levels and 16% with toxic levels.  

Conclusion:The study confirmed the importance of individual monitoring of cyclosporine and tacrolimus serum 

concentrations and its relationship to therapeutic outcomes in renal transplant patients.  

 

Keywords: Cyclosporine, Tacrolimus, Therapeutic range, kidney transplant. 

1.   INTRODUCTION 
Renal failure is a medical condition in which the kidneys fail to adequately filter waste products from blood. There 

may be problems with increased fluid in the body, increased acid levels, raised levels of potassium and phosphate 

withdecreased levels of calcium, and in later stages anemia. Bone health may also be affected. Long-term kidney 

problems are associated with an increased risk of cardiovascular diseases
1
. 

The two main forms of kidney failure are acute injury, which is reversible with adequate treatment, and chronic 

kidney disease (CKD), which is often not reversible.Chronic kidney disease has numerous causes. The most 

common causes are diabetes mellitus and long-term, uncontrolled hypertension
2
. There has been a marked rise in the 

prevalence and incidence of end stage chronic kidney disease in Saudi Arabia over the last three decades. This rise 

exceeds those reported from many other countries.The prevalence of diabetic nephropathy, which is considered as 

the main cause of end stage renal disease (ESRD), had increased in the Kingdom of Saudi Arabia (KSA) by 4 to 8 

folds from 1983 to 1999.  Similarly the incidence of diabetic nephropathy increased from 2% to 44% over the same 

period of time
3
.The increase in the number of dialysis patients has been seen in virtually all countries. In KSA, the 

incidence and prevalence have 10-15 fold increase when compared to 1980’s
4
. 

Kidney transplantation is the organ transplant of a kidney into a patient with ESRD. The majority of renal transplant 

recipients are on dialysis (peritoneal or hemodialysis) at the time of transplantation
5
.Transplant rejection occurs 

when transplanted tissue is rejected by the recipient's immune system, which destroys the transplanted tissue. 

Transplant rejection can be lessened by determining the molecular similitude between donor and recipient and by 

the use of immunosuppressant drugs after transplantation
6
. 

Immunosuppressant drugs are used to suppress the immune system from rejecting the donor kidney. These 

medicines must be taken for the rest of the patient's life. The use of cyclosporine or tacrolimus has improved the 

outcomes of transplantation significantly. Patient and graft survival rates have improved secondary to lower 

incidence of acute rejection episodes and severe infectious complications
7
.Although cyclosporine, considered a 

breakthrough immunosuppressive when first discovered in the 1980s, it causes nephrotoxicity and can result in 

iatrogenic damage to the newly transplanted kidney
8
.Tacrolimus was first approved by the Food and Drug 
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Administration (FDA) in 1994 for use in liver transplantation; this has been extended to include kidney, heart, and 

other organs. It has similar immunosuppressive properties to cyclosporine, but is much more potent. 

Immunosuppression with tacrolimus was associated with a significantly lower rate of acute rejection compared with 

cyclosporine
9
. 

The effects of drug- drug and drug-food interactions on the serum concentration of the drugs may be confounding 

factors as demonstrated in (Table 1). The exact time of sampling also is important factor for therapeutic drug 

monitoring to be useful in clinical practice; it requires consistency in terms of drug administration and sampling. For 

example, meals may decrease the Cmax and AUC of CNI
10

.  However, patients who take their medications with 

meals sometimes and fasting at other times may have more variability in the measured levels, which could lead to 

under- or overdosing. In addition, blood samples must be drawn at the correct time. For cyclosporine C2 monitoring, 

blood should be drawn within 15 min of the 2-h predose time point. For cyclosporine or tacrolimus trough-level 

monitoring, blood should be drawn 12 h after the last dose (i.e., immediately before the next dose)
11

.  

 

Table 1: Drug interactions with Cyclosporine and Tacrolimus
12

, 
13

 

Drugs that decrease 

calcineurin inhibitor levels 

Drugs that increase 

calcineurin inhibitor levels 

Antituberculosis drugs 

 

 

Rifampin 

Rifabutin 

Isoniazid 

Calcium channel blockers Verapamil 

Diltiazem 

Amlodipine  

Nicardipine 

Anticonvulants Barbiturates 

Phenytoin 

Carbamazepine 

Antifungal agents Ketoconazole 

Fluconazole 

Itraconazole 

Antibiotics Nafcillin 

IV Trimethoprim 

IV Sulfadimidine 

Imipenem 

Cephalosporins 

Terbinafine 

Ciprofloxacin 

Antibiotics Erythromycin 

Clarithromycin 

Josamycin 

Ponsinomycin 

Azithromycin 

(minimal) 

Herbal preparations 
Saint John’s wort Protease inhibitors Saquinavir 

Indinavir 

Nelfinavir 

Ritonavir 

Other drugs Ticlopidine 

Octreotide 

Nefazodone 

Glucocorticoids 

Foods  

Methylprednisolone 

Grapefruit 

Grapefruit juice 

 

Patients treated with calcineurin inhibitors CNIs (either cyclosporine or tacrolimus) are at high risk of developing 

renal injury
14

. Other renal effects of the CNIs include tubular dysfunction, and rarely hemolytic uremic syndrome 

that can lead to acute graft loss. Attention must be paid to drug dose, other side effects, and drug interactions to 

minimize toxicity and maximize efficacy of these drugs
15

.  

Despite many years of experience, protocols that optimize efficacy of CNIs remain a subject of debate. With an 

increased understanding of the pharmacokinetics of these immunosuppressive drugs, therapeutic drug monitoring 

guidelines will be more clearly defined to ensure the safe and effective management of transplant recipients. 

This study was aimed at evaluating the therapeutic monitoring process of cyclosporine and tacrolimus in kidney 

transplant patients, and its adherence for therapeutic range.  

2.    METHODS 

An observational retrospective cross-sectional design was adopted in this study. Patients who underwent kidney 

transplantation, and visited the kidney clinic of armed forces hospitals of southern region, KhamisMushait, KSA, 

were included in the study. Data were collected using interdisciplinary, digital patient files. Collected data included 

http://en.wikipedia.org/wiki/Liver_transplantation
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patient’s demographics, type of immunosuppressant, type of transplantation, and level of monitored drug. All data 

were analyzed using EXCEL spread sheets, MS-Office. The study was approved by the hospital’s Institutional 

Review Board and Research Ethics Committee. The research was conducted in accordance with the ethical 

principles of the KSA Ministry of Health’s legislation on human investigation, guaranteeing patient anonymity  with  

regards  to  the  information  collected  and  data  protection. 

 

 3.  STUDY SAMPLE AND SAMPLING TIME 

The study sample consisted of 150 inpatients, patients underwent kidney transplantation and under 

immunosuppressant treatment (Cyclosporine or tacrolimus), the clinical data were collected within the first six 

months of kidney transplantation. Patients wereselected randomly and retrospectively identified from digital patient 

files, confounding factors were ruled out.For cyclosporine or tacrolimus trough-level monitoring, blood should be 

drawn 12 h after the last dose (i.e., immediately before the next dose). 

 

1. RESULTS 

One hundred fifty patients were included in the study; with a mean age of 45.1 ± 34.4 years. More than half of 

patients were female, 87 (58%) and 63 (42%) were male as demonstrated in (Figure 1). While 30 (20%) patients 

were smoker, 27 (18%) were ex-smoker and 93 (62%) patients were non-smoker as demonstrated in (Table 2). 

 

Table 2:Demographic data distributions of studied population (n = 150) 

Variable   No. (%) 

 Gender 

 

   

Female  63 (42%) 

Male  87 (58%) 

 Smoking    

 Smoker  30 (20%) 

Ex- smoker  27 (18%) 

 Non smoker  93 (62%) 
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Figure 1: Gender distributions of studied patients in Aseer Hospital (n = 150) 

 

In our study, 96 (64%) of the patients included in the study received kidney from live related donor (LRRTx), 36 

(24%) received kidney from live non related donor (LNRTx), and only 18 (12%) received kidney from deceased 

donor (CRTx), as demonstrated in (Figure 2) 

 

Figure 2: Distribution of kidney transplantation type carried out for patients included in the study (n = 150). 

 

Regarding type of immunosuppressant used after surgery for prevention of graft loss, 69 (46%) of the patients 

included in the study received cyclosporine, compared to 81 (54%) of patients received tacrolimus as demonstrated 

in (Figure 3). 
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Figure 3:distribution of kidney transplant patients using cyclosporine versus tacrolimus as immunosuppressant drug 

(n = 150). 

 

 

Both cyclosporine and tacrolimus have narrow therapeutic range and show great inter and intra-individual 

pharmacokinetic variability that make TDM of these drugs necessary. The results showed that the level of 

immunosuppressant drugs (Cyclosporine or tacrolimus) was within therapeutic range in about 99 (66%) of the 

patients included in the study, compared to 24 (16%) of patients showed toxic levels and 27 (18%) showed sub-

therapeutic levels as shown in (Figure 4). Therapeutic range based on draw immediately prior to next dose. 

Therapeutic Default Reference Range: 250 – 400 ng/mL for cyclosporine and 5 – 15 ng/ml for tacrolimus in the first 

six months after kidney transplantation. 

 

Figure 4:distribution of immunosuppressant drugs level achieving the therapeutic range (n= 150). 
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2. DISCUSSIONS 

Chronic kidney disease (CKD) is a growing problem worldwide
16

.There has been a marked rise in the prevalence 

and incidence of CKD in KSA over the last three decades.  By the end of 2008, there were 10203 patients on 

hemodialysis, 966 on peritoneal dialysis, and 7836 with functioning kidney grafts
17

.Kidney transplantation should 

be strongly considered for all patients with ESRD who are medically suitable
18

. 

The use of the CNIs (Cyclosporine and tacrolimus) has led to major advances in the field of transplantation, with 

excellent short-term outcome concerning prevention of rejection. However, the toxicity of these drugs is the 

Achilles’ heel of current immunosuppressive regimens. TDM of immunosuppressant drugs that have a narrow 

therapeutic index is an increasingly useful tool for minimizing toxicity while maximizing prevention of graft loss 

and organ rejection
19

. 
 

Concerning demographic data collected from patients’ records, the present study showed that among 150 patients 

included in the study, 63 (42%) were males and 87 (58%) were females. Tohidi and their coworkers examined the 

predictors of incident CKD in a community-based cohort of Middle East population. They showed that female 

gender is associated with higher risk of CKD. Other studies confirmed this result. So, number of female patients 

underwent kidney transplantation in our study was larger than males due to more incidence of CKD and ESRD in 

females
20

. 

 

Concerning age groups, the present work showed that most kidney transplant patients included in the study aged 30-

45 years. No patient included in the study aged < 15 years, and only 2% of patients aged > 80 years. 

 

Kidney transplant requirements vary from program to program and country to country. Many programs place limits 

on age (e.g. the person must be under a certain age to enter the waiting list). Most units would think very seriously 

before transplanting someone over 65 years old. The main reason is that older people often do not tolerate the 

transplant operation very well. Also, the drugs that are needed after a transplant are often too strong for older 

patients
21

. 
 

Kidney transplantation is typically classified as deceased-donor, named cadaveric renal transplant (CRTx) or living-

donor transplant. Living-donor renal transplants are further characterized as geneticallyrelated (LRRTx) or non-

related transplants (LNRTx).  

In the present work, 96 (64%) of the transplant patients received kidney from live related donors (LRRTx) compared 

to 36 (24%) received kidney from live non related donors (LNRTx), and only 18 (12%) received kidney from 

deceased donors (CRTx). 

Koo et al showed that allografts from living-related donors have superior function and survival compared with 

cadaver allografts. They said that live related donor kidneys are obtained from carefully screened, healthy 

individuals who are genetically related to the recipient, whereas cadaver donor kidneys may undergo abnormal 

physiological changes associated with brain death, may experience prolonged cold storage times, and may be 

transplanted into unrelated recipients. Even with the live unrelated donor allografts, the clinical outcomes are 

significantly better than that of cadaveric
22

.  The expression of pre-transplant tubular antigens in cadaver donor 

kidneys was significantly associated with early acute rejection following transplantation
23

. Smith and his colleagues 

also found that the clinical advantages of living donor renal transplantation lead to financial cost savings compared 

to either cadaveric donation or dialysis
24

. 

In the present study, patients underwent kidney transplantation either received cyclosporine or tacrolimus for 

prevention of graft loss. The results showed that 69 (46%) of patients received cyclosporine versus 81 (54%) 

received tacrolimus. 

 

Comparison studies of calcineurin inhibitors as cornerstone immunosuppressants in renal transplantation have 

demonstrated that tacrolimus consistently reduces acute rejection rates and, in some studies, also improves long-

term renal outcome in comparison to cyclosporine. 

 

Krämeret al investigated, in a 2 years follow up study, the long-term clinical outcome of both cyclosporine and 

tacrolimus in terms of rate of acute rejection, graft and patient survival and graft function. The results confirmed that 

tacrolimus is a highly efficacious immunosuppressant in kidney transplantation. Tacrolimus-based 

immunosuppression may induce long-term benefits with regard to graft function and graft survival. The overall side-

effect profile is considered to be favorable.These results were confirmed by other studies
25

, 
26

. 

http://emedicine.medscape.com/article/984358-overview
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The present study revealed that about 99 (66%) of transplant patients who treated with either cyclosporine or 

tacrolimus achieved the therapeutic rangefor whole blood trough level (5-15 ng/mL) for tacrolimus and (250 – 400 

ng/ml) for cyclosporineas demonstrated in (Table 3), compared to 27 (18%) of patients showed sub-therapeutic 

levels and 24 (16%) showed toxic levels.The therapeutic range concept is a population‐based statistical approach. 

Concentrations below or above this therapeutic range may increase the probability of rejection or other underside 

outcomes.The narrow therapeutic index, significant variability in pharmacokinetics, and severity of adverse effects 

justify the use of TDM for CNIs
27

.  

Table 3: Dosing of Calcineurin Inhibitors and trough level
28

 

Variable  Daily Dose Whole Blood Trough Levels 

Initial 6-12 months post-transplant 

Cyclosporine microemulsion 

Tacrolimus 

   

 4-6 mg/kg/d 250-400 ng/mL(Abbott TDx) 

 0.1-0.2 mg/kg/d 5-15 ng/mL (ELISA) 

 Beyond 6-12 months post-transplant   

Cyclosporine microemulsion 

Tacrolimus 

 2-6 mg/kg/d 100-250 ng/mL(Abbott TDx) 

 0.05-0.15 mg/kg/d 5-12 ng/mL (ELISA) 

 

Trough-level monitoring of tacrolimus has been standard practice since its introduction. Similar to cyclosporine, 

achieving early adequate tacrolimus exposure significantly reduces the risk for acute rejection. In a retrospective 

analysis of a randomized controlled trial, tacrolimusarea under the concentration/time curve (AUC) by day 2 of 

transplantation was found to be a strong predictor of the risk for acute rejection. The concentration after two hours 

of tacrolimusadministration (C2) did not correlate with the risk for rejection
29

. 

 

3. CONCLUSION 
The present study confirmed the importance of individual monitoring of cyclosporine and tacrolimus serum 

concentrations to improve therapeutic outcomes in renal transplant patients and decrease kidney rejection, side 

effects and toxicity. Optimal monitoring can be achieved only with complete understanding of the pharmacokinetics 

of these medications that may assist in the estimation of empiric doses necessary to achieve the therapeutic 

outcomes.  
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