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Abstract

:

Cyclosporine is a potent immunosuppressive drug. It has a narrow therapeutic index, and therefore the measurement of cyclosporine’s blood concentration is essential to obtain optimal therapy. Measurement of the area under the blood concentration-time curve (AUC) is reflective of total drug exposure. However, for organ transplant patients, the measurement of AUC involves many problems and difficulties. Thus, it is more clinically acceptable to use a single blood sample as a surrogate index of total drug exposure. Fifty-four adults bone marrow transplant Iraqi patients were given cyclosporine every 12 h as prophylaxis using Neoral® oral solution. Steady-state blood concentrations were monitored for each patient at zero time and then at 1, 2, 3, 4, 6, 8, 10, and at 12 h post-dosing. Cyclosporine blood levels were determined by using AXSYM automated immuno-analyzer which is a fluorescence polarization immunoassay (FPIA). The present investigation demonstrated the best correlation between C2 and the corresponding AUC0–4h and AUC0–12h compared to other concentrations. After two months of cyclosporine therapy, no unexpected biochemical changes and adverse effects were registered. It is concluded from this study that a single blood sample obtained at 2 h post-dosing (C2) and possibly at 3 h post dosing (C3) are ideal surrogate indexes for reflecting total drug exposure, and therefore may be used in clinical practice for predicting therapeutic and toxic effects of cyclosporine.
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1. Introduction


Cyclosporine (also called cyclosporin A) is a cyclic polypeptide, potent immunosuppressive agent (a calcineurin inhibitor) consisting of 11 amino acids with a molecular weight of 1202.63. It is produced as a metabolite by the fungus species Beauveria Nivea. Cyclosporine is available as soft gelatin capsule in 10, 25, 50, and 100 mg dose strengths, and as oral solution containing 100 mg/mL of cyclosporine. The drug is extensively metabolized in the liver and about 90% protein bound. Its disposition shows biphasic decay from blood with a terminal half-life of about 8.4 h (range 5–18 h) after intravenous administration. Its elimination is mainly biliary with only around 6% urinary excretion as parent drug and metabolites. Cyclosporine achieves maximum concentration in plasma within 1.5–2.0 h. There is a linear relationship between the administered therapeutic dose range of cyclosporine and the total drug exposure [1].



The early impressive and promising results for using cyclosporine in kidney transplantation led to the subsequent usage of the drug in other organ transplant patients and for the treatment of many and different autoimmune diseases [2].



The pharmacokinetics of cyclosporine is highly complex and has many and different influential factors [3]. Among these factors are the high inter- and intra-individual variability in disposition, type and time of organ transplantation, demographic factors, concomitant therapy (drug interactions), physiological and biochemical factors [4,5]. Moreover, administration of cyclosporine orally adds further pharmacokinetic problems in comparison to the intravenous route since the absorption is incomplete, variable, and shows high inter- and intrasubject differences [3,6]. Therefore, several pharmacokinetic and clinical factors such as the age, dosage form used, route of administration, food intake, gastrointestinal status, renal dysfunction, and hepatic dysfunction have a significant impact on the rate and extent of cyclosporine absorption and bioavailability. Besides, it has been found that posttransplant day significantly influences cyclosporine pharmacokinetics, and there was a significant reduction in drug clearance until day 21 post-transplantation [7]. Therefore, maintaining a balance between the therapeutic and safe cyclosporine concentrations is challenging since all the above-mentioned factors must be taken into consideration to obtain the optimal effect and minimum adverse effects.



From a pharmacokinetic point of view; the maximum drug concentration in plasma (Cmax) and the total drug exposure which is estimated by measuring the area under the concentration versus time curve (AUC) are reflective of the rate/extent of drug absorption and bioavailability. Therefore, Cmax and AUC are considered as primary pharmacokinetic parameters [8,9]. Besides, the time to peak (Tmax) can also provide valuable information concerning the rate of drug absorption [9,10]. Further, from a pharmacodynamic point of view, Cmax and AUC are the parameters most closely related to the onset, intensity, and duration of clinical effect/side effect of drugs since they reflect the absorption and total exposure [11,12].



The clinical effect of cyclosporine is closely related to its blood concentrations and AUC in both adult and pediatric organ transplant patients. Concerning the correlation between cyclosporine blood concentration and its clinical effect, it was found that the incidence of acute graft-versus-host disease (GVHD) significantly decreased with higher cyclosporine blood levels in the third week post allogeneic hematopoietic stem cell transplantation [13]. Another investigation emphasized the relevance of sustaining adequate cyclosporine blood levels by close monitoring and dose adjustments since it may lead to a reduction in the intensity of GVHD [14]. High blood levels of cyclosporine might account for the impairment of donor T-cell function which justifies the correlation between cyclosporine blood levels and its immunosuppressant effect [15]. Moreover, the strong association found between cyclosporine concentration and its clinical outcome suggests that improved cyclosporine pharmacokinetic monitoring may aid in improving its clinical outcome. In solid organ transplantation, prevention of acute graft rejection is correlated with achieving the target AUC0–12h. In children undergoing hematopoietic stem cell transplantation, a limited sampling strategy using AUC0–12h was suggested for the prevention of acute GVHD [16]. The relationship between AUC of cyclosporine and the patient’s creatinine clearance, hematocrit and other clinical factors were also investigated, and it was observed that hematocrit had a significant negative correlation with AUC, whereas creatinine clearance and obesity had a significant positive correlation with AUC [17].



The most reliable sampling program in cyclosporine therapy after oral administration twice daily for measuring AUC0–12h is by frequent monitoring of cyclosporine blood concentrations before drug intake (C0), and then after; 1 (C1), 2 (C2), 3 (C3), 4 (C4), 6 (C6), 8 (C8), and after 12 h (C12) of drug administration to identify all the pharmacokinetic profile including drug absorption, distribution and elimination phases [11,12]. At steady state, C0 is assumed to be equivalent to C12 and represents the trough concentration. However, in clinical practice, it is often difficult to determine AUC0–12h after drug administration since reliable calculation of AUC by trapezoidal rule requires the collection of several blood samples (at least 8 samples, as mentioned above) which involves many difficulties for organ transplant patients such as withdrawal of large total blood volume which is of special concern in pediatrics, increase patient’s distress, high cost and medical staff duties.



Therefore, many ongoing and outstanding investigations were conducted in many places and centers worldwide for different types of organ transplantation and for adults and children to find a valid limited sampling strategy using 3 or 4 blood samples after 1 (C1), 2 (C2), 3 (C3), or 4 (C4) hours of cyclosporine intake that best correlate with AUC in order to evaluate the relationship between cyclosporine concentrations and drug exposure [18].



Therapeutic drug monitoring based on a single data point strategy was also studied to determine the best correlation between cyclosporine levels and AUC [19,20]. The measurement of AUC0–4h was suggested as an alternative approach to AUC0–12h and a good correlation was found between AUC0–4h and the clinical outcome for heart transplant recipients [21], lung transplant patients [22], and other organ allografts, particularly kidney and liver transplantation, indicating the use of AUC0–4h as a surrogate index for reflecting cyclosporine absorption and exposure [23]. Nevertheless, AUC0–4h measurement still poses many difficulties and burdens for organ transplant recipients as AUC0–12h but to a lower extent since a lower number of blood samples are required to be withdrawn from the patients.



Interestingly, several articles demonstrated the best correlation between C2 and AUC0–4h in different nations and for different types of organs allograft. Among these studies, were reported for lung transplantation [22], liver transplant recipients [24], heart transplantation [21,25], allogeneic stem cell transplantation [26], for children with idiopathic nephrotic syndrome [27], and for other types of organs transplantations [23,28]. The best correlation was also found between cyclosporine C2 level and AUC0-6hr for patients with corticosteroid resistant systemic lupus erythematosus [29].



Moreover, other investigations demonstrated the greatest correlation between C2, C3 and C4 cyclosporine levels and their corresponding AUC0–12h. Among these studies which were conducted for allogeneic hematopoietic stem cell transplantation [30], allogeneic stem cell transplantation [31,32], renal transplant patients [19], for HIV infected kidney and liver transplant patients [20], for pediatric hematopoietic stem cell transplant [33], for children with idiopathic nephrotic syndrome [27], and for pediatric stem cell recipients [34].



On the other hand, it appeared in most of the above-mentioned investigations [20,22,24,25,29,30,34] that cyclosporine trough level at (C0) exhibited a poor correlation with total drug exposure (AUC0–4h and AUC0–12h). Furthermore, many clinical trials demonstrated that C2 is a better predictor than C0 and consequently may be used as an appropriate tool to monitor cyclosporine effect and safety profile [35,36,37]. Therefore, cyclosporine dose adjustment based on monitoring of a single steady-state blood concentration at (C2) rather than AUC0–4h or AUC0–12h became the standard of care in cyclosporine therapy with international consensus [38].



Therapeutic drug monitoring (TDM) services started about 10 years ago in TDM center, Baghdad Teaching Hospital, Medical City, Baghdad, Iraq. However, there are no published data concerning the utilization of TDM for optimal dosing of cyclosporine in Iraqi bone marrow transplantation. Besides, no study was done up to date to prove that the use of C2 as a single sampling time is valid for Iraqi patients to facilitate its use in clinical practice. Therefore, the present investigation aimed to study the clinical pharmacokinetics of cyclosporine as an immunosuppressant drug for prophylaxis of GVHD in Iraqi bone marrow transplant patients who are using cyclosporine for the first time. Cyclosporine blood levels were determined by using AXSYM automated immuno-analyzer which is a fluorescence polarization immunoassay (FPIA). The correlations between each of C0, C1, C2, C3, C4, C6, C8, C10, and C12 of cyclosporine and their corresponding pharmacokinetic parameters AUC0–4h and AUC0–12h were evaluated to identify the blood concentration which best correlates with these parameters. The biochemical changes and adverse effects associated with cyclosporine therapy were also recorded.




2. Materials and Methods


2.1. Study Design


The current investigation was conducted adhering with ICH guidelines for good clinical practice [39] and the recent version of the declaration of Helsinki [40]. The site of the study was TDM center, Baghdad Teaching Hospital, Medical City, Baghdad, Iraq. Before commencement of the investigation, approval was obtained from the ethical committee of Baghdad Teaching Hospital, Medical City, Ministry of Health, Baghdad, Iraq. All the patients gave written and signed informed consents before participation in the study. The study involved the participation of 54 Iraqi adult inpatients who underwent bone marrow transplantation, 34 females and 20 males with ages ranging from 18–56 years.



Three ml blood sample was collected from each patient to be used for clinical laboratory tests before cyclosporine administration (baseline) and then after 2 months of continuous drug intake. These tests were; triglyceride (TG), total cholesterol (TC), aspartate transaminase (AST), alanine transaminase (ALT), bilirubin, serum creatinine, blood urea, uric acid, potassium (K), and magnesium (Mg). Systolic and diastolic blood pressure were also measured for each patient before drug intake (baseline) and then after two months of continuous drug administration. The patients were given Neoral® (NEO, Novartis) oral solution containing 100 mg of cyclosporine/mL twice daily in a dose of 3 mg/kg/day according to the in-house protocol applied in the TDM center of Baghdad Teaching Hospital in Iraq. Concurrent food intake during cyclosporine therapy was carefully controlled by giving each patient a list of the types of food which are safe and can be taken and those which are unsafe and should be avoided as described in Figure 1. Biochemical changes and observed adverse effects associated with cyclosporine therapy were registered for each patient during the study.



The patients with the following characteristics were not included in the study: developing GVHD, receiving another drug which may interfere with cyclosporine, showing evidence of uncontrolled digestive problems, having renal dysfunction (more than double normal creatinine level), or hepatic dysfunction (more than double bilirubin and aminotransferases normal levels).




2.2. Cyclosporine Assay


Cyclosporine assay was performed in the therapeutic drug monitoring (TDM) center, Baghdad Teaching Hospital, Medical City, Baghdad, Iraq after two months of continuous cyclosporine intake (which is adequate for achieving a steady state of the drug in the body). Three ml blood was sampled from each patient before next drug dosing (about 0.3 h pre-dosing which is considered as C0), and then at 1(C1), 2(C2), 3(C3), 4(C4), 6(C6), 8(C8), and at 12 h (C12) post-dosing. The blood was immediately transferred into tubes containing EDTA anticoagulant and then analyzed for determination of cyclosporine blood concentrations by using AXSYM automated immuno-analyzer which is a fluorescence polarization immunoassay (FPIA).



The equipment and their suppliers were as follows: AXSYM automated immune analyzer from Abbot, centrifuge from Kokusan, vortex from Hitachi, centrifuge tube from Shanghai Zadn, disposable test tube from Shanghai Zadn, different grades of automatic pipettes from Eppendorf, electronic balance scale from Seca Scale. The chemicals used and their suppliers were as follows: AXSYM cyclosporine kit from Abbot, total cholesterol kit from BioMérieux, triglycerides kit from BioMérieux, HDL-c kit from BioMérieux, ALT reagent kit from Randox Lab. Ltd., AST reagent kit from Randox Lab. Ltd., ALT reagent kit from Randox Lab. Ltd., bilirubin kit from Randox Lab. Ltd., urea kit from Biomaghrib/Tunisia, creatinine kit from Randox Lab. Ltd., and K, Na, Ca kits from Biomerieux.




2.3. Pharmacokinetic and Statistical Analysis


Standard methods were used for all pharmacokinetic calculations [11,12]. For each patient, AUC0–4h and AUC0–12h were calculated using the trapezoidal rule, whereas, Cmax and Tmax were estimated directly from cyclosporine blood concentration versus time curve. Mean ± SD, minimum and maximum values of AUC0–4h, AUC0–12h, and cyclosporine blood concentrations at each blood sampling time point were presented. Regression analysis was carried out between each blood sampling point C0, C1, C2, C3, C4, C6, C8, and C12 of each individual and their corresponding AUC0–4h and AUC0–12h to calculate the correlation coefficient (R2) at each blood sampling point. The difference between data was considered significant if (p < 0.05) using t-test. Excel 2010 was used for all statistical data analysis.





3. Results and Discussion


The patients’ demographical data and the clinical baseline characteristics before starting therapy with cyclosporine are listed in Table 1. The mean steady-state cyclosporine trough concentrations (C0 and C12) were similar (C0 was 145 ng/mL, and C12 144.0 ng/mL). The average steady-state peak levels (Cmax or Cpeak) was found to be 824.4 ng/mL (range 700–952) and the corresponding time to peak (Tmax) was 2 h. All patients exhibited similar Tmax values (Table 2). The Mean ± SD for cyclosporine blood concentration versus time profile is presented in Figure 2.



The Mean ± SD and the ranges of AUC0–4h and AUC0–12h are presented in Table 3. The Mean AUC0–4h was 2590 ng∙h/mL (range 1950–3162). The average AUC0–12h was 3732 ng∙h/mL (range 2700–5096). The values of the correlation coefficient R2 between each of cyclosporine blood concentrations at C0, C1, C2, C3, C4, C6, C8, C10, C12, and the corresponding AUC0–4h and AUC0–12h are introduced in Table 4. Concerning AUC0–4h, the best correlations were observed at C2 (R2 = 0.94). A similar finding was also obtained for AUC0–12h (R2 = 0.90). On the other extreme, poor correlations were noticed at trough levels (C0 and C12). The correlations coefficient for AUC0–4h at C0 was (R2 = 0.43), and at C12 (R2 = 0.42). The correlations coefficient for AUC0–12h at C0 (R2 = 0.54), and at C12 (R2 = 0.62) as shown in Table 4.



For all the 54 patients followed in the current investigation, the results showed that cyclosporine therapy caused significant elevation (p < 0.05) in systolic/diastolic blood pressure, TG, TC, AST ALT, bilirubin, creatinine, urea, uric acid, and K levels from baseline values (before treatment). However, a significant reduction in Mg level was observed (−59%), as shown in Table 5. The reported adverse effects of the drug and the corresponding number (%) of the patients for each adverse effect are summarized in Table 6.



The current study was designed to measure cyclosporine blood concentrations at steady state for each patient at 0.3 h before the next dose administration (which is considered as C0), and then at 1, 2, 3, 4, 6, 8, 10, and 12 h post-dosing to study the pharmacokinetic behavior of the drug during the entire time course of dosing interval (12 h). In addition, measurements of AUC0–4h and AUC0–12h were achieved. Besides, the correlations between each blood concentration measured at the above-mentioned time schedule (Table 2) and their corresponding AUC0–4h and AUC0–12h were evaluated to determine the blood sampling time point which is best correlated with AUC0–4h and AUC0–12h.



It was noticed in this investigation that Tmax values of all patients were comparable and was found to be 2 h (Table 3). This finding may be due to the blood sampling schedule (Table 2) since according to the purpose and design of this study, blood samples were obtained at 1, 2, and 3 h post-dosing and no blood sample was required to be taken at shorter time interval (i.e., 1.25, 1.50, 1.75, 2.25, 2.5, and 2.75) to notice the difference (if any) between Tmax values of the patients.



It is apparent from Table 4 that best correlations were found between C2 and possibly C3 with their corresponding AUC0–4h and AUC0–12h compared to other concentrations particularly trough concentrations (C0 and C12). Therefore, C2 represents the optimal sampling time point which reflects the total systemic exposure (AUC) and consequently the optimal effect and adverse effect of the drug. Interestingly, the best correlations between C2 with AUC0–12h and C2 with AUC0–4h, in addition to the poor correlation of both AUCs with C0 found in the current investigation for bone marrow transplant Iraqi patients (Table 4) are similar to the results obtained in studies conducted in other nations and for different types of organ transplantation [19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34].



Measuring blood levels, AUC, and identifying the best correlation between the individual blood level and AUC may not be the optimal way of assessing the biological effect (effect and adverse effect) of cyclosporine. Significant inter-patient differences in the degree of calcineurin inhibition produced by cyclosporine emphasized the significance of correlating biological measures of calcineurin inhibition with clinical outcome. Pharmacodynamic monitoring of the relative reduction of T-cell-specific gene expression, may be a more beneficial biological measure of calcineurin inhibition than blood levels measurements for optimizing cyclosporine dosing [41,42]. On the other hand, the researches exhibited that there is a relationship between cyclosporine effect and its levels in the blood and the impairment of donor T-cell function by high blood concentrations may account for the effect of high concentrations of cyclosporine on engraftment [15]. Interestingly, recent investigations demonstrated that there is a good negative correlation between steady-state cyclosporine blood levels obtained at C2 and CD4 T-helper cell count [43]. Therefore, it can be concluded from the above-mentioned clinical pharmacokinetic studies [15,41,42,43] that, though T-cell count gives a direct pharmacodynamic measure for the biological effect of cyclosporine in organ transplant patients, nevertheless, monitoring of cyclosporine blood concentrations particularly at C2 may be considered as the key and guide for optimal therapy of the drug.



The current investigation revealed that the common biochemical changes and adverse effects associated with cyclosporine therapy in Iraqi bone marrow transplant patients (Table 5 and Table 6) were similar to that reported for Iraqi kidney transplant recipients [44,45]. Moreover, the primary biochemical changes and adverse effects of the drug reported in organ transplant patients of other nations were also identical to the present results such as electrolytes disturbances [46], hyperlipidemia [47], nephrotoxicity [48], cardiovascular risk [49], and elevation of blood pressure [50,51]. Unexpected biochemical changes and adverse effects of cyclosporine other than that found in literature and the current investigation were not registered.




4. Conclusions


The data obtained from adult Iraqi bone marrow transplant patients demonstrated that monitoring cyclosporine steady-state blood concentration at C2 and possibly C3 gave best correlations with AUC0–4h and AUC0–12h than all other concentrations obtained during the entire 12 h dosing interval particularly the trough concentrations C0 or C12 which exhibited poor correlations. The present findings are similar to those demonstrated in many nations and different types of organ transplantation. Therefore, for Iraqi bone marrow transplant patients, a single blood sample taken at C2 and possibly C3 can be utilized as a surrogate index for reflecting total drug exposure (AUC) and may be used in clinical practice since it represents the optimal blood sampling time for predicting the therapeutic and toxic effects of cyclosporine.
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Figure 1. Food types to choose or to avoid for bone marrow transplant patients. 
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Figure 2. Steady state blood concentrations (Mean ± SD) versus. time profile of cyclosporine after two months of twice daily dosing of 3 mg/kg/day oral solution (Neoral®, NEO, Novartis). 
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Table 1. Baseline clinical characteristics and demographic data of 54 patients participated in the study.
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	Patients Characteristics
	Mean ± SD
	Range





	Gender
	20 males, 34 females
	



	Age (years)
	31.2 ± 10.3
	18–56



	Body weight (kg)
	69.1 ± 10.2
	42–83



	Height (cm)
	164.5 ± 5.4
	150–172



	Body Mass Index (kg/m2)
	25.4 ± 2.8
	18.7–29.8



	Systolic blood pressure (mm Hg)
	120.3 ± 1.4
	116–124



	Diastolic blood pressure (mmHg)
	80.5 ± 1.6
	76–87



	Serum Aspartate transaminase (U/L)
	25.4 ± 7.9
	10–40



	Serum Alanine transaminase (U/L)
	28.0 ± 10.9
	10–50



	Serum bilirubin (mg/dL)
	0.92 ± 0.18
	0.6–1.2



	Blood K (mEq/L)
	4.1 ± 0.66
	3–5



	Blood Mg (mg/dL)
	2.1 ± 0.34
	1.6–2.8



	Serum creatinine (mg/dL)
	1.0 ± 0.17
	0.8–1.3



	Blood urea (mg/dL)
	28.8 ± 6.4
	20–45



	Blood uric acid (mg/dL)
	5.1 ± 0.90
	3–7



	Total cholesterol (mg/dL)
	191.1 ± 20.6
	127–230



	Triglyceride (mg/dL)
	134.9 ± 9.3
	121–150
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Table 2. Cyclosporine steady-state blood levels (ng/mL) after two months of twice-daily dosing with 3 mg/kg/day cyclosporine oral solution (Neoral®, NEO, Novartis).
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	Cyclosporine Concentration
	Mean ± SD
	Range





	C0 (0.3 h pre-dosing)
	145.0 ± 48.3
	030–244



	C1 (1h after dosing)
	273.7 ± 52.7
	100–400



	C2 (2 h after dosing)
	824.4 ± 48.7
	700–952



	C3 (3 h after dosing)
	723.4 ± 47.6
	598–850



	C4 (4 h after dosing)
	390.9 ± 45.9
	286–520



	C6 (6 h after dosing)
	251.9 ± 41.4
	180–380



	C8 (8 h after dosing)
	219.0 ± 43.4
	130–350



	C10 (10 h after dosing)
	158.0 ± 48.4
	052–271



	C12 (12 h after dosing)
	144.0 ± 50.4
	025–199
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Table 3. Pharmacokinetic parameters after two months of twice-daily dosing with 3 mg/kg/day cyclosporine oral solution (Neoral®, NEO, Novartis).
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	Parameter
	Mean ± SD
	Range





	AUC0–12h (ng∙h/mL)
	3732.5 ± 451.6
	2700.4–5096.0



	AUC0–4h (ng∙h/mL)
	2590.1 ± 225.5
	1950.0–3162.0



	Cmax (ng/mL)
	824.4 ± 48.7
	700.0–952.0



	C0 (ng/mL)
	145.0 ± 48.3
	30.0–244.0



	C12 (ng/mL)
	144.0 ± 50.4
	25.0–199.0



	* Tmax (h)
	2.0 *
	2.0 *







* All patients have same Tmax.
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Table 4. The correlation coefficient (R2) showing the relationship between cyclosporine blood concentrations and their corresponding AUC0–4h and AUC0–12h.
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	Conc.
	AUC0–4h
	AUC0–12h





	C0
	0.43
	0.54



	C1
	0.85
	0.86



	C2
	0.94
	0.90



	C3
	0.94
	0.88



	C4
	0.93
	0.86



	C6
	0.85
	0.81



	C8
	0.48
	0.50



	C10
	0.49
	0.68



	C12
	0.42
	0.62
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Table 5. Biochemical changes observed in 54 adult Iraqi bone marrow transplant patients after two months of twice-daily dosing with 3 mg/kg/day cyclosporine oral solution (Neoral®, NEO, Novartis). Values are presented as Mean ± SD.
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	Parameter
	Before Treatment (baseline)
	After Treatment
	Elevation (%)
	Parameter
	Before Treatment (baseline)
	After Treatment
	Elevation (%)





	SBP (mm Hg)
	120.3 ± 1.3
	140.3 ± 1.2
	16.6
	Bilirubin (mg/dL)
	0.92 ± 0.18
	1.6 ± 0.18
	73%



	DBP (mm Hg)
	80.5 ± 1.7
	95.5 ± 1.1
	18.7
	Creatinine (mg/dL)
	0.96 ± 0.10
	1.6 ± 0.16
	66%



	TC (mg/dL)
	179 ± 21.7
	254.9 ± 8.7
	42.3
	Urea (mg/dL)
	34.4 ± 4.5
	50.1 ± 5.4
	45%



	TG (mg/dL)
	135.4 ± 9.6
	175.6 ± 9.8
	29.7
	Uric acid (mg/dL)
	5.07 ± 0.95
	8.5 ± 1.18
	67%



	AST (U/L)
	25 ± 8.1
	36 ± 7.8
	44
	K (mEq/L)
	4.1 ± 0.66
	6.4 ± 0.55
	56%



	ALT (U/L)
	28 ± 11
	44 ± 10
	57
	Mg * (mg/dL)
	2.2 ± 0.30
	0.9 ± 0.51
	59%*







* Reduction.
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Table 6. Adverse effects of cyclosporine in 54 adult Iraqi bone marrow transplant patients after two months of twice-daily dosing with 3 mg/kg/day cyclosporine oral solution (Neoral®, NEO, Novartis).
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	Adverse Effects
	No. of Patients
	%
	Adverse Effects
	No. of Patients
	%





	Nausea, bloating, loose stools, abdominal cramps
	21
	35
	Tender or swollen gums
	45
	75



	Slight trembling of the hands
	6
	10
	Acne, oily skin
	14
	23



	Tingling in the fingers, toes, lips
	3
	5
	Fatigue
	28
	46



	Muscle or joint discomfort, cramping
	9
	15
	Edema in the legs or ankles
	5
	8



	Sensitivity to heat and cold
	2
	3
	Mild depression or mood swings
	44
	73



	Mild headaches
	24
	40
	Increased growth of fine hairs on the body
	33
	55











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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