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Five-Year Results of a Randomized, Single-Center Study of Tacrolimus vs Microemulsion Cyclosporine in Heart Transplant Patients Jon A. Kobashigawa, MD,a J. Patel, MD, PhD,a H. Furukawa, MD,b J. D. Moriguchi, MD,a L. Yeatman,a S. Takemoto, PhD,c A. Marquez, BA,a J. Shaw, BS,a B. T. Oeser, MPH,a S. Subherwal, MD,a G.W. Wu, BAS,a J. Kawano, BA,a and H. Laks, MDb Background: Previous multicenter, randomized trials, lacking standardized post-transplant protocols, have compared tacrolimus (Tac) and cyclosporine (CyA, Sandimmune) and demonstrated similar outcomes with some different adverse effects. The microemulsion form of CyA (mCyA, Neoral) has replaced Sandimmune CyA as the more widely utilized CyA formulation. This is the first 5-year follow-up study of a large, single-center trial (n ⫽ 67) under a standardized post-transplant protocol comparing Tac and mCyA. Methods: Sixty-seven heart transplant patients were randomized to Tac (n ⫽ 33) or mCyA (n ⫽ 34), both in combination with corticosteroids and azathioprine without cytolytic induction. Five-year end-points included survival, Grade ⱖ3A or treated rejection, angiographic cardiac allograft vasculopathy (CAV; any lesion ⱖ30% stenosis), renal dysfunction (creatinine ⱖ2.0 mg/dl), use of two or more anti-hypertensive medications, percent diabetic and lipid levels. Results: Five-year survival, freedom from Grade ⱖ3A or any treated rejection and angiographic CAV, mean cholesterol level and percent diabetic were similar between the two groups. The Tac group had a significantly lower 5-year mean triglyceride level (Tac 97 ⫾ 34 vs mCyA 175 ⫾ 103 mg/dl, p ⫽ 0.011) and average serum creatinine level (Tac 1.2 ⫾ 0.5 mg/dl vs mCyA 1.5 ⫾ 0.4 mg/dl, p ⫽ 0.044). There was a trend toward fewer patients requiring two or more anti-hypertensive drugs in the Tac group (Tac 33% vs mCyA 59%, p ⫽ 0.065). Conclusions: Tac and mCyA appear to be comparable with regard to 5-year survival, freedom from rejection and CAV. However, compared with mCyA, Tac appears to reduce the adverse effect profile for hypertriglyceridemia and renal dysfunction and the need for hypertensive medications. J Heart Lung Transplant 2006;25:434 –9. Copyright © 2006 by the International Society for Heart and Lung Transplantation.



Since the early 1980s, cyclosporine (CyA) has been the mainstay of immunosuppression therapy in heart transplant patients. The initial outcome benefits of CyA were shown to include dramatically enhanced survival and reduced rejection in heart transplant recipients,1,2 but nephrotoxicity and hypertension proved to be significant adverse effects.3 Tacrolimus (Tac) is a newer calcineurin inhibitor and shares many pharmacologic
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characteristics with CyA.4,5 Since its successful clinical use in liver, lung, kidney and pancreas transplant patients,6,7 Tac has become one of the more tolerable and reliable immunosuppressive agents due to having fewer reported adverse effects than CyA.8 –10 In the 1990s, transplant physicians began to use Tac as a primary immunosuppressive agent for heart transplant patients, and early results in uncontrolled trials demonstrated that it led to lower incidences of rejection and fewer adverse effects than CyA.11,12 Two multicenter studies of Tac vs CyA (Sandimmune) for primary prevention of cardiac allograft rejection have subsequently been reported. Both studies, one in the USA (85 heart transplant patients) and the other in Europe (82 heart transplant patients), randomized patients to Sandimmune CyA or Tac, both in combination with azathioprine and corticosteroids, although there was no standardized post-transplant protocol in either trial.13,14 One-year follow-up for both studies revealed comparable survival rates with some differences in drug-specific adverse effects.
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The newer microemulsion formulation of CyA (mCyA) with increased bioavailability has become available and may result in improved clinical outcome.15 A randomized, multicenter study of mCyA (Neoral) vs CyA (Sandimmune) demonstrated that the mCyA patients had significantly fewer rejection episodes that required OKT3 treatment. Women in the mCyA group also had a significantly lower incidence of Grade 3A rejection compared with those in the CyA group, according to International Society for Heart and Lung Transplantation (ISHLT) criteria.16 Nevertheless, the long-term difference between mCyA and Tac in heart transplant patients has not been studied and is still unknown.17 Therefore, we conducted a randomized, open-label study comparing mCyA to Tac for differences in efficacy and safety. This is the first report of the results of this randomized trial. METHODS Between November 1996 and September 1998, 67 heart transplant patients were randomized to either Tac (33 patients) or mCyA (34 patients), both in combination with azathioprine and corticosteroids. Informed consent was obtained from each patient before the study, which was approved by the institutional review board of the University of California, Los Angeles. Tac and mCyA were both initiated orally post-transplant with levels targeted to pre-specified ranges. Tac levels were targeted between 10 and 15 ng/ml and mCyA levels between 250 and 350 ng/ml during the first month post-transplant. Tac levels were subsequently targeted between 5 and 10 ng/ml and mCyA levels between 150 and 250 ng/ml. Patients were intravenously administered 500 mg of methylprednisolone during surgery and then given a dose of 125 mg every 12 hours for the 36 hours post-surgery. Thereafter, a dose of 1 mg/kg/day of oral prednisolone was given, which was tapered to 0.1 mg/kg/day by 6 months post-transplantation. Patients were begun on a 2-mg/kg/ day oral dose of azathioprine after transplant, which was titrated to maintain a white blood cell count of ⬎3,500/mm3. Bactrim prophylaxis for Pneumocystis carinii was given orally twice a day on Mondays and Thursdays for the first year after transplant. For patients who were cytomegalovirus seronegative and received a seropositive donor heart, ganciclovir prophylaxis was given intravenously for 2 weeks, then orally (Cytovene) for 3 months. All patients were routinely placed on pravastatin at the time of transplantation. Baseline assessments were completed using all demographic data. The primary end-points at 5 years posttransplantation included survival, occurrence of Grade ⱖ3A or any treated rejection, infection, cardiac allograft vasculopathy (CAV) and adverse events. Endomyocardial biopsies were performed weekly for 4 weeks, every
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other week for the next 2 months, monthly for the next 3 months and every other month thereafter until the 1-year anniversary of the transplant. Pathologists blinded to the randomization assignments read the endomyocardial biopsies. Rejection grades of endomyocardial biopsies were determined according to the cardiac allograft biopsy scale of the ISHLT.18 Rejection therapy was standardized for all patients. ISHLT Grades 1A, 1B and 2 were not treated. ISHLT Grade 3A was treated with an oral prednisone bolus and taper (50 mg orally twice a day for 3 days with gradual taper over 2 weeks to 10 mg orally twice a day). ISHLT Grades 3B and 4 (plus any ISHLT grade with hemodynamic compromise) were treated with OKT3 5 mg intravenously four times daily for 14 days). Angiography and intravascular ultrasound were performed at baseline (from 4 to 6 weeks after transplantation) and at 1 year after transplantation. Thereafter, only angiography was performed annually. A diagnosis of CAV was made if there was any new luminal stenosis ⱖ30%, or significant distal pruning of the coronary arteries at annual angiograms compared with the baseline angiogram. Intravascular ultrasound was performed immediately after coronary angiography in the left anterior descending coronary artery with a 30-MHz, 4.3-French intravascular ultrasound catheter.19 The recordings included a 30-second slow pull-back of the catheter from its most distal position (in the mid-distal left anterior descending artery) to the left main portion of the left coronary artery. The ultrasound recordings were analyzed by quantitative morphometry, which included 10 evenly spaced sites taken from the left anterior descending artery during the slow pull-back of the ultrasound catheter. The measurements were recorded during diastole on sVHS tape and analyzed off-line by computerized planimetry. These measurements included the lumen area, intimal area, maximal intimal thickness and intimal index (defined as the ratio of the intimal area to the overall vessel area). One reviewer, blinded to the treatment arms, analyzed the intravascular ultrasound images to minimize variability. Post-transplant blood specimens were obtained at the time of endomyocardial biopsies and annual angiograms and then assayed for complete blood count, chemistry and lipid level. Blood specimens were also collected and assessed for circulating antibodies (immunoglobulin G) with a flow bead assay during the first year posttransplant. For the circulating antibodies, blood samples obtained at the time of endomyocardial biopsyproven rejection were excluded from the analysis. Statistical Analysis Two-tailed t-tests and chi-square tests were used to assess the differences between study groups. The Wilcoxon log-rank statistic was used to compare Kaplan–Meier



436



Kobashigawa et al.



The Journal of Heart and Lung Transplantation April 2006



survival curves. p ⬍ 0.05 was considered statistically significant. All data were assessed by intent-to-treat analysis. RESULTS There were no significant differences in baseline demographics between the Tac group and mCyA group at baseline, as shown in Table 1. A trend toward a higher proportion of United Network for Organ Sharing (UNOS) Status 1 patients was seen in the mCyA group, and a higher percentage of cytomegalovirus (CMV) mismatch between donor-positive and recipient-negative was observed in the Tac group, but these differences were not statistically significant. During the study, 7 of the 67 patients switched calcineurin inhibitors. Of these 7 patients, 5 switched from mCyA to Tac, 1 switched from Tac to mCyA, and 1 switched from Tac to sirolimus. Five-year results between groups are shown in Table 2. First-year survival was 85% for both groups, and 5-year survival was 79% in the Tac group and 71% in the mCyA group, p ⫽ 0.391 (Figure 1). There was no significant difference between the Tac group compared with the CyA group for freedom from endomyocardial biopsy Grade ⱖ3A rejection (Tac 76% vs mCyA 79%, p ⫽ 0.733) (Figure 2A) or for any treated rejection (Tac 70% vs mCyA 68%, p ⫽ 0.533). Freedom from the development of CAV determined by angiography revealed no significant difference between the two groups at 5 years (Tac 54% vs mCyA 64%, p ⫽ 0.422) (Figure 2B). Intravascular ultrasound results from baseline to 1 year (Tac, n ⫽ 19; mCyA, n ⫽ 17) revealed no significant differences between groups for intimal area (IA), lumen area (LA), maximal intimal thickness (MIT) and intimal index (II), as shown in Table 3. The mean 5-year total cholesterol level for Years 1 to 5 was comparable in both groups (Tac 161 ⫾ 28 mg/dl



Table 2. Five-year Results Patient survival Freedom from Grade ⱖ3A rejection Freedom from CAV (based on angiogram) Mean creatinine (mg/dl) Two or more 2 antihypertensive medications Mean total cholesterol (mg/dl) Mean triglyceride (mg/dl) Post-transplant diabetesb Circulating anti-HLA antibodyc



Tac 79%



mCyA 71%



p-value 0.391



76%



79%



0.733



54% 1.2 ⫾ 0.5



64% 1.5 ⫾ 0.4



0.422 0.044a



33% 161 ⫾ 28 97 ⫾ 34 27% 37%



59% 174 ⫾ 34 175 ⫾ 103 15% 59%



0.065 0.281 0.011a 0.168 0.090



Tac, tacrolimus; mCyA, microemulsion cyclosporine; CAV, cardiac allograft vasculopathy. Mean includes data for Years 1 to 5. a Statistically significant (p ⬍ 0.05). b Oral hypoglycemic agent or insulin-treated. c One-year result.



vs mCyA 174 ⫾ 34 mg/dl, p ⫽ 0.281), whereas the mean 5-year triglyceride level for Years 1 to 5 was significantly lower in the Tac group (Tac 97 ⫾ 34 vs mCyA 175 ⫾ 103 mg/dl, p ⫽ 0.011). The mean serum creatinine level for Years 1 to 5 was significantly lower in the Tac group compared with the mCyA group (Tac 1.2 ⫾ 0.5 mg/dl vs mCyA 1.5 ⫾ 0.4 mg/dl, p ⫽ 0.044). However, the number of patients requiring hemodialysis was similar in both groups (Tac 5 patients, mCyA 4 patients). There was a trend toward fewer Tac patients, compared with CyA patients, requiring two or more anti-hypertensive drugs (Tac 33% vs mCyA 59%, p ⫽ 0.065). Mean systolic blood pressure for Years 1 to 5 was comparable in both groups (Tac 134 ⫾ 20 mm Hg vs mCyA 137 ⫾ 20 mm Hg). There was also a trend for fewer circulating anti-HLA antibodies present in the Tac group than in the mCyA group (37% vs 59%, p ⫽ 0.090).



Table 1. Patient Demographic Variablesa Number Mean age (y) Gender (% male) Mean donor age (y) Reason for Tx Ischemic CM Idiopathic CM Other UNOS Status 1 Ischemic time (min) CMV mismatch (D⫹/R⫺)



Tac 33 34 ⫾ 16 79% 53 ⫾ 13



mCyA 34 28 ⫾ 14 79% 52 ⫾ 12



61% 21% 18% 58% 187 ⫾ 50 33%



44% 35% 21% 68% 176 ⫾ 49 21%



Tac, tacrolimus; mCyA, microemulsion cyclosporine; Tx, transplantation; UNOS, United Network for Organ Sharing; CM, cardiomyopathy; CMV, cytomegalovirus; (D⫹/R⫺), donor seropositive and recipient seronegative. a No significant differences between groups.



Figure 1. Five-year survival between the Tac and mCyA groups.
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Figure 2. Freedom from (A) endomyocardial biopsy Grade ⱖ3A rejection and (B) cardiac allograft vasculopathy (CAV).



The incidence of post-transplant diabetes was not significantly different, but there was a higher percentage of diabetes in the Tac group (Tac 33% vs mCyA 18%, p ⫽ 0.168). DISCUSSION Cyclosporine (CyA) is a first-generation calcineurin inhibitor, which was established as a primary immunosuppression drug in organ transplantation. The early outcome with CyA in heart transplant patients dramatically improved the mortality and morbidity of allograft rejection and infection, but some unwanted adverse effects have been observed.1 Renal toxicity and hypertension were well documented in early reports and proved to be the most critical side effects, which in some of these cases were irreversible.3 Because the original oil-based formulation of CyA (Sandimmune) demonstrated unstable and unpredictable pharmacologic absorption that could potentially result in increased rejection and adverse effects, a microemulsion formulation of CyA (mCyA) was introduced. With its higher absorption rate and potential to reduce the incidence of adverse effects, mCyA became a viable alternative to Sandimmune.15 One randomized, multicenter, double-blind comparison between Sandimmune and mCyA revealed fewer rejection episodes and treatment failures in certain sub-groups of mCyA-treated patients.16,20 Table 3. Intimal Thickness Measurement by Intravascular Ultrasound (IVUS) in Patients With Tacrolimus Versus Microemulsion Cyclosporine at 1 Year After Heart Transplant Change from baseline to 1 yeara



IA (mm2) LA (mm2) MIT (mm) II



Tac (n ⫽ 19)



mCyA (n ⫽ 17)



0.70 ⫺1.54 0.11 0.05



0.91 ⫺1.11 0.16 0.08



IA, intimal area; LA, lumen area; MIT, maximal intimal thickness; II, intimal index; Tac, tacrolimus; mCyA, microemulsion cyclosporine. a p-value not statistically significant between groups.



Due to the positive preliminary results of Tac in single-center heart transplant studies,11,12 two openlabel, prospective, randomized clinical studies in heart transplant patients were conducted, one in the USA and the other in Europe. In the USA multicenter study, a total of 85 primary heart transplant patients from six centers were randomized to receive Tac (n ⫽ 39) or CyA (Sandimmune, n ⫽ 46), both in combination with azathioprine and corticosteroids.13 Twelve-month results showed similar survival (Tac 90.0% vs CyA 91.0%). However, the incidence of adverse effects was lower in the Tac group with respect to new-onset hypertension requiring pharmacologic treatment (Tac 33% vs CyA 52%, p ⫽ 0.05) and total cholesterol levels (Tac 186 ⫾ 40 vs CyA 212 ⫾ 46 mg/dl, p ⫽ 0.019). There were no significant differences in renal function, hyperkalemia, hypomagnesemia, hyperglycemia or infectious complications between the two groups. The multicenter pilot study involving five European centers enrolled 82 heart transplant patients, who were randomized in a 2:1 ratio to Tac (n ⫽ 54) or CyA (n ⫽ 28), both in combination with azathioprine and corticosteroids.14 Survival and acute rejection rates were not statistically different between the Tac and CyA groups (Tac 79.6% vs CyA 92.9% and Tac 26.3% vs CyA 18.5%, respectively). However, patients receiving anti-thymocyte gammaglobulin (ATG) and Tac had better results than those who did not. Significantly fewer Tac patients required anti-hypertensive medications (Tac 59.5% vs CyA 87.5%, p ⫽ 0.025). One of the centers that did not use ATG induction immunosuppression in the European multicenter study continued enrolling patients at their institution to complete a single-center study.21 This center enrolled 30 patients in the multicenter study and 43 more patients after the end of the multicenter study for a total of 73 patients. All patients received concomitant azathioprine and corticosteroids. Survival was not statistically different between groups (Tac 83% vs CyA 81%, with a mean follow-up period of 27 months), but the mean number of rejection episodes per patient was significantly lower
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in the Tac group (Tac 1.33 ⫾ 0.99 vs CyA 1.87 ⫾ 0.63, p ⫽ 0.006). Renal dysfunction and hyperglycemia were not statistically different, but more CyA patients required anti-hypertensive medications at 3 and 6 months post-transplant (Tac 8.3% vs CyA 62.5%, p ⫽ 0.001, and Tac 12.5% vs CyA 50.0%, p ⫽ 0.025, respectively).21 Target Tac and CyA trough concentrations were 13 to 18 ng/ml and 200 to 300 ng/ml early after transplant and 10 to 15 ng/ml and 150 to 200 ng/ml thereafter for long-term follow-up, respectively. This same group of investigators took the first 28 patients enrolled in the multicenter study and compared the progression of CAV between Tac- and CyA-treated patients.22 Intravascular ultrasound was performed in the two groups of patients at baseline and 1 year post-transplant to determine progression of CAV, which was defined by an increase in intimal index of ⱖ5% at follow-up. Results showed a trend toward a greater incidence of CAV in the Tac patients (n ⫽ 14) compared to that of the CyA patients (n ⫽ 8) (79% vs 38%, p ⫽ 0.082). The results of our study are similar to those from the two multicenter studies with respect to comparable survival and rejection incidences in both Tac and CyA groups. Also, consistent with previous studies, triglyceride levels were lower in the Tac-treated patients in our study. The similar total cholesterol levels between the Tac and CyA groups in the current study may be due to the routine use of statins in all patients. Our study also showed a trend toward less anti-hypertensive medication use among the patients in the Tac group. Unlike the multicenter, randomized trials, the Tac group in this study had less renal dysfunction compared with the CyA group. This could be related to the relatively lower target Tac trough blood levels used in our study compared with those of earlier studies. However, despite the lower targeted Tac trough blood levels, survival and rejection rates were similar in both the Tac and CyA groups. Tac has been reported to be more diabetogenic than CyA, although most clinical trials have not demonstrated statistical significance in this direction, possibly due to the relatively small numbers of patients, such as in the current study. The importance of lower circulating anti-HLA antibodies in the Tac group vs the CyA group is unclear because long-term outcomes were comparable. This study has revealed no difference between the Tac and CyA groups in first-year maximal intimal thickness or intimal index. Comparable development of CAV between the two groups, as determined by first-year intravascular ultrasound, is supported by the finding of similar 5-year freedom from angiographic CAV. Small, prospective, randomized trials using ATG induction with Tac vs CyA have shown comparable survival but less rejection in Tac patients.23,24 Some adverse effects, such as tachycardia and hirsutism, were
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more frequently reported in the CyA group, whereas anemia, tremor and gout were more prevalent in the Tac group.24 A prospective, randomized clinical trial, which compared Tac to CyA, both in combination with mycophenolate mofetil (MMF), showed that the incidence of acute rejection was significantly lower in the Tac group.25 Furthermore, the incidence of fungal and viral infections after acute rejection was significantly higher in the CyA group. Thus, the combination of Tac and MMF may have a more favorable outcomes profile. It is difficult to determine which immunosuppressive agent, Tac or CyA, is superior in primary immunosuppression after heart transplantation. Clinical studies have not demonstrated the optimal dose (therapeutic trough blood levels), and therefore, equivalent doses probably were not used. Higher doses of one agent may demonstrate positive results with respect to rejection but could also fare poorly with the drug’s adverse effect profile or infectious complications. In addition, recent evidence suggests that black patients require higher Tac doses to maintain concentrations equal to those of white patients.26,27 Almost all studies neglected to report the ethnic diversity in their patient population, which is an important factor that could possibly explain some of the disparities in the results. The randomized, prospective studies and the current study did not show differences in survival, but none were powered to do so. In conclusion, this report is the first single-center, prospective, randomized 5-year study with a standardized post-transplant protocol comparing tacrolimus and microemulsion cyclosporine in combination with azathioprine and corticosteroids. We found comparable patient survival, incidence of rejection episodes and freedom from cardiac allograft vasculopathy between the groups. However, tacrolimus appears to have a better adverse effect profile, resulting in less hypertriglyceridemia and renal dysfunction and contributing to a trend toward decreased use of anti-hypertension medication. REFERENCES 1. Oyer PE, Stinson EB, Jamison SW, et al. Cyclosporin-A in cardiac allografting: a preliminary experience. Transplant Proc 1983;15:1247–52. 2. Grattan MT, Moreno-Cabral CE, Starnes VA, et al. Eightyear results of cyclosporine-treated patients with cardiac transplants. J Thorac Cardiovasc Surg 1990;99:500 –9. 3. Hakim M, Wallwork J, English T. Cyclosporin A in cardiac transplantation: medium-term results in 62 patients. Ann Thorac Surg 1988;46:495–501. 4. Plosker GL, Foster RH. Tacrolimus: a further update of its pharmacology and therapeutic use in the management of organ transplantation. Drugs 2000;59:323–9. 5. Keogh A. Calcineurin inhibitors in heart transplantation. J Heart Lung Transplant 2004;23(suppl):S202– 6.
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