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Abstract
Between January 1, 1989, and December 31, 1994, we have treated 122 primary heart recipients
with FK 506 (group I) and 121 with cyclosporine (group II). Fifty patients in the cyclosporine
(CyA) group received no lympholytic induction (CyA alone) and 71 others received lympholytic
induction with either rabbit antithymocyte globulin or OKT3 (CyA + LI). The mean follow-up
was longer in the FK 506 group than in the CyA groups (3.2 ± 1.3 vs 2.3 ± 1.8 years; p < 0.01).
Patient survival did not differ on the basis of the type of immunosuppression used. At 3 months
after transplantation, the freedom from rejection in the FK 506 group was higher than that of the
CyA-alone group (47% vs 22%, p < 0.01) but similar to that of the CyA + LI group (47% vs 53%).
The linearized rejection rate (episodes/100 patient-days) of the FK 506 group (0.09 episodes) was
lower (p < 0.05) than that of the CyA-alone group (0.26) and the CyA + LI group (0.13). The
requirement for pulsed steroids to treat rejection was less in common in the FK 506 group than in
either CyA group. Eighteen patients in the CyA group had refractory rejections; all resolved with
FK 506 rescue. Two patients in the FK 506 group had refractory rejection that resolved with total
lymphoid irradiation (n = 1) and methotrexate therapy (n = 1). Patients receiving FK 506 had a
lower risk of hypertension and required a lower dose of steroids. Although the mean serum
creatinine concentration at 1 year was higher in the FK 506 group, this difference disappeared
after 2 years. No patients required discontinuation of FK 506 because of its side effects. Our
intermediate-term results indicate that FK 506 compares favorably with CyA as a primary
immunosuppressant in heart transplantation.

Tacrolimus (FK 506), a macrolide lactone derived from the fungus Streptomyces
tsurubaensis, was recently approved by the Food and Drug Administration for use as an
immunosuppressive agent in liver transplantation. In vitro FK 506 has been found to be 10
to 100 times more potent than cyclosporine (CyA) in its immunosuppressive properties. 1, 2
We first introduced FK 506 into clinical heart transplantation in October 1989 and have
since treated 122 primary heart recipients with this drug. This report summarizes our 5-year
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experience with the use of FK 506 as a primary immunosuppressant in heart transplantation.
We will compare the clinical outcome of heart recipients treated with FK 506 with that of a
concurrent cohort treated with a CyA-based regimen.

Patients and methods
Patient population

The patient population in this study consisted of patients who had an initial heart
transplantation and survived for more than 7 days after transplantation. Patients who had
second transplants or multiple organ transplants or who died within 7 days after
transplantation because of primary graft failure were excluded from the analysis.

Between January 1, 1989, and December 31, 1994, 243 heart transplant recipients at our
center met these criteria. A total of 122 patients received an FK 506–based
immunosuppression protocol, and 121 were treated with a CyA-based regimen. From
January to September, 1989 all patients received CyA-based immunosuppression. When FK
506 was available for clinical trial in heart transplantation at our center in October 1989, all
heart transplant recipients were considered as potential candidates for the FK 506 protocol.
CyA was used only when informed consent could not be obtained or when there were
restrictions from third-party payers on the use of experimental drugs.

The use of FK 506 was approved by the Institutional Review Board at the University of
Pittsburgh, and informed consent was obtained from every patient.

The demographic data for these patients are summarized in Table I. The FK 506 group had a
lower mean age than the CyA group (34.2 ± 22.3 vs 47.8 ± 14.5 years; p < 0.05). The mean
duration of follow-up was longer in the FK 506 group (3.2 ± 1.3 vs 2.3 ± 1.8 years; p <
0.01). No significant difference was observed in the mean ischemic time between the CyA
(206.9 ± 63.2 minutes) and the FK 506 groups (215.1 ± 63.2 minutes).

Immunosuppression protocols
In the FK 506 (Prograf ®, Fujisawa USA, Deerfield, Ill.), group (n = 122), patients were
given methylprednisolone in a dose of 15 mg/kg during the operation, 5 mg/kg per day in
three divided doses on postoperative day 1, and 0.3 mg/kg per day as a single dose
thereafter. Methylprednisolone was converted to prednisone when the patient was able to
tolerate a diet, and weaning from steroids was begun 2 months after transplantation. In the
early phase of this study, FK 506 was administered 6 to 12 hours after transplantation, at a
dose of 0.15 mg/kg per day in two divided doses, each over 4 hours, for a duration of 24 to
72 hours. Because renal dysfunction was prevalent with this regimen, we have modified this
protocol. 3 Since August 1990, FK 506 has been given intravenously at a dose of 0.05 mg/
kg per day as a continuous infusion 6 to 12 hours after transplantation. As soon as the
patient’s gastrointestinal function returned, oral FK 506 was commenced at a dosage of 0.2
to 0.3 mg/kg per day in two divided doses. The plasma level (12-hour trough = 0.5 to 2.0 ng/
ml) has been replaced by a whole blood FK 506 level,4 which was maintained at 5 to 30 ng/
ml. In the first 2 months after transplantation, the FK 506 level was kept in the range of 15
to 30 ng/ml. This level was gradually decreased to 5 to 15 ng/ml according to the pattern of
rejection and the status of the renal function. Azathioprine (2 mg/kg per day) was added if
the serum creatinine level was higher than 2.0 mg/dl (to allow a reduction in the FK 506
dosage) or if there was persistent rejection. When a combination of FK 506, steroids, and
azathioprine was required, endomyocardial biopsies were performed monthly, and patients
have been aggressively weaned from steroids (by 5 mg per month) to avoid major infections.
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The immunosuppression protocol for CyA plus lympholytic induction (CyA + LI; n = 71)
with either OKT3 (Orthoclone, Ortho Pharmaceutical Corp., Raritan, N.J.) (n = 11) or rabbit
antithymocyte globulin (ATG; n = 60) has been described in details elsewhere.5 ATG was
prepared locally by Dr. Charles P. Bieber according to the method of Davis, Cooperband,
and Mannick.6 In this protocol, steroids were administered as previously described for the
FK 506 group. Azathioprine (4 mg/kg) was administered intraoperatively and continued
postoperatively at a dosage of 2 mg/kg per day so long as the white blood cell count was
greater than 3500 cells/mm3. Cyclosporine was started within 24 hours after the operation,
and the target trough whole blood level was maintained at 800 to 1200 ng/ml (TDx method,
Sandoz Pharmaceutical Corp., East Hannover, N.J.). OKT3 was administered intravenously
at 5 mg/day for 14 days beginning on the second or third postoperative day, and ATG was
given intramuscularly at 1.5 mg/kg per day during the first 5 days after the transplantation.

In the group receiving CyA without lympholytic induction (CyA alone) (n = 50), a modified
triple drug regimen, as previously described by Bolman and associates,7 was used. In brief, a
preoperative loading dose of CyA (6 to 10 mg/kg) was administered orally 2 hours before
the operation. On postoperative day 1, oral CyA was commenced twice a day at appropriate
dosages (2 to 6 mg/kg per day) to maintain a trough whole blood (TDx method, Sandoz)
level of 800 to 1200 ng/ml. Methylprednisolone at a dose of 15 mg/kg was given during the
operation, followed by 3 mg/kg per day in four divided doses on postoperative day 1, and
reduced to 0.4 mg/kg per day by postoperative day 6. Methylprednisone was converted to
prednisone on the return of the gastrointestinal function. By 1 month after transplantation,
the dose of prednisone was reduced to 0.3 mg/kg, and steroids were weaned further after 6
months. Azathioprine was administered as in the CyA + LI group.

Monitoring for rejection
Surveillance for rejection involves weekly endomyocardial biopsies during the first month,
monthly for the next 3 months, and every 3 months for the remaining first year. Thereafter,
biopsies are performed semiannually. In addition, endomyocardial biopsies are performed
whenever clinically indicated. In infants and small children, endomyocardial biopsies are
performed less frequently because of the inherent technical difficulty. Biopsy specimens are
graded according to the criteria of the International Society for Heart and Lung
Transplantation.8

Treatment of rejection
Acute rejection (grade 3A or higher) is treated with boluses of methylprednisolone (1 gm/
day for adults and 10 to 20 mg/kg per day for pediatric patients, for 3 days). Grade 1B to 2
rejections are treated by augmenting the baseline doses of the primary immunosuppressant
(FK 506 or CyA) or steroids. OKT3 or ATG is reserved for steroid-resistant rejections.

Monitoring for infection
Pretransplantation titers for herpesvirus, hepatitis A, B, and C viruses, and Toxoplasma
gondii were obtained on every patient. After transplantation, all patients were followed up
by an infectious disease specialist. Infections were diagnosed according to previously
established criteria.9 Only major infections, as previously defined,5 that necessitated
hospitalization for intravenous drug therapy were included for analysis.

Statistical analysis
Actuarial survival, freedom from acute rejection, and freedom from allograft coronary
arteriopathy were computed by means of life table analysis. These analyses were based on
both the intention-to-treat method (data were analyzed according to the initial treatment
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assignment) and the censoring crossover method (crossovers were censored when treatment
changed).10, 11 Survival curves were compared by means of the log-rank (Mantel-Cox) test.
Differences in group means were compared by the t test, and analysis of variance for
repeated measures with adjustment was made for comparisonwise error.12 Differences in
proportions were compared by the χ2 test. A p value less than 0.05 was considered
statistically significant. For the calculation of incidence rates (episodes per 100 patient-days)
of rejection, infection, requirement for steroid bolus, and lympholytic treatments of patients
in the CyA group who were converted to FK 506, the rates were calculated from the time of
the transplantation to the time of conversion to FK 506. Incidence rates were compared with
the use of the two-sample test for incidence-density measure.13 A software package (CSS
Statistica, Release 4.5, Statsoft, Tulsa, Okla.) was used for statistical analyses.

Results
Patient survivals

According to the intention-to-treat analysis, the 1- and 5-year actuarial patient survivals did
not differ significantly on the basis of the type of immunosuppressive protocols (CyA alone,
91% and 74%; CyA + LI, 93% and 69%; FK 506,90% and 76%) (Fig. 1). Because the
intention-to-treat analyses have been criticized for not evaluating the true effect of the
treatment in studies in which there are significant crossovers (15% of patients receiving CyA
initially were converted to FK 506 [see below]), we have analyzed the survival data using
both the intention-to-treat and the censoring crossover methods.10, 11 In the former method,
data are analyzed according to the initial treatment assignment; in the latter, data are
censored when there is a change in treatment (crossover). There was no difference in patient
survivals according to the types of immunosuppressive protocols when either method was
used.

Causes of death
Twenty-four patients in the FK 506 and 23 in the CyA groups (CyA alone and CyA + LI)
died during this study (p = not significant; Table II). The most common causes of death for
both groups were rejection and infection. Three patients died of disseminated posttransplant
lymphoproliferative disease, one in the FK 506 group and two in the CyA group. Four
patients in the CyA group died of other malignancies including lung tumor (n = 1), testicular
tumor (n = 1), osteosarcoma (n = 1), and recurrent cardiac rhabdomyosarcoma (n = 1).

Acute rejection
The actuarial freedom from rejection at 3 months for the CyA-alone group was 22%,
significantly lower (p < 0.01) than that of the CyA + LI (53%) and FK 506 groups (47%)
(Fig. 2). The incidence rate of rejection (episodes per 100 patient-days) in the FK 506 group
was significantly lower (p < 0.05) than that of the CyA-alone or CyA + LI group (Table III).
Steroid boluses used to treat rejection were lower in the FK 506 group than in the CyA-
alone (p < 0.01) and the CyA + LI (p < 0.05) groups. There were fewer rejection episodes
that necessitated lympholytic treatment in the FK 506 group than in the CyA-alone group (p
< 0.01).

Intractable rejection
Thirteen patients in the CyA-alone group and five in the CyA + LI group (four with ATG
and one with OKT3) had refractory rejection that was resistant to conventional therapy with
at least one course of pulsed steroids and one course of lympholytic treatment. All 18 of
these patients were successfully treated by conversion to FK 506. Only two pediatric
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patients in the FK 506 group had refractory rejection. One required total lymphoid
irradiation and the other was treated successfully with methotrexate.

Allograft coronary arteriopathy
Allograft coronary arteriopathy after transplantation was defined as any luminal irregularity
and any coronary stenosis seen on the coronary angiogram or any diffuse coronary artery
disease at autopsy. In 183 patients whose allograft coronary arteries could be evaluated, the
actuarial freedom from allograft coronary arteriopathy at 4 years for the FK 506 (103
patients) and CyA (80 patients) groups was 82% and 73%, respectively (p = not significant)
(Fig. 3).

Requirement for steroids and azathioprine
At most recent follow-up examination or at the time of death, 40 of 83 adults receiving FK
506 (48%) were free of steroids as compared with 16 of 95 adults receiving CyA (17%) (p <
0.01). Among those who were still receiving steroids, the average daily dose of prednisone
was 5.8 ± 2.6 mg in the FK 506 group and 8.0 ± 4.5 mg in the CyA group (p < 0.01). The
most significant impact of FK 506 has been in the pediatric patients; 76% of the 42 pediatric
recipients treated with FK 506 were free of steroids. Of the 10 pediatric patients (age = 1.8
to 17 years) who were initially given CyA, eight required conversion to FK 506 because
they could not be weaned from steroids; all of these were eventually free of steroids.

Azathioprine was added to the steroid/FK 506 regimen when serum creatinine concentration
was higher than 2 mg/dl or when there were at least two consecutive episodes of acute
rejection that necessitated treatments. At latest follow-up, 43% of patients receiving FK 506
were also receiving azathioprine.

Infection
A total of 70 episodes (0.05 episodes per 100 patient-days) of major infections occurred in
the FK 506 group as compared with 59 episodes (0.06 episodes per 100 patient-days) in the
CyA groups (p = not significant). The prevalence of bacterial, viral, and fungal infection was
not significantly different between the FK 506 and CyA groups.

Nephrotoxicity
The effect of FK 506 on renal function was most pronounced during the first year after
transplantation in both adult and pediatric patients, inasmuch as the mean serum creatinine
concentration was much higher (p < 0.01) after the first year (adult = 2.1 ± 0.5 mg/dl;
pediatric = 0.9 ± 0.5 mg/dl) when compared with the pretransplantation values (adolt = 1.1 ±
0.5 mg/dl; pediatric = 0.6 ± 0.3 mg/dl). The rise in serum creatinine concentration leveled
off after the first postoperative year. In the adult patients (age > 18 years) mean serum
creatinine levels at 1 and 2 years after transplantation were higher in the FK 506 group than
in the CyA groups (Fig. 4). However; this difference did not reach statistical significance
(by the analysis of variance for repeated measures).

Renal failure necessitating dialysis or kidney transplantation developed in five patients in
the FK 506 group and in seven in the CyA groups 2 to 5 years after transplantation. In the
CyA groups, three patients required dialysis while being treated with CyA alone and four
required dialysis after being converted to FK 506. Of these four patients switched to FK 506,
two had infections (one mucormycosis and one tuberculosis) that necessitated antibiotics
with nephrotoxicity.
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Other side effects
Hypertension—The prevalence of new-onset hypertension in adults in the FK 506 and
CyA groups was 47% (39/83) and 84% (80/95), respectively (p < 0.01). In the pediatric
group, 10% of the patients treated with FK 506 had hypertension.

Hyperkalemia—Twenty-five adults and one pediatric patient (21%) who were receiving
FK 506 had persistent hyperkalemia (K+ >5.0 mEq/L) that necessitated treatment. This was
easily controlled with a low dose of ftudrocortisone (0.2 mg/day). No patient died of
hyperkalemia in this trial.

Diabetes mellitus—The prevalence of new-onset insulin-dependent diabetes mellitus was
the same in adults in both the FK 506 (26%) and CyA (22%) groups. New-onset insulin-
dependent diabetes mellitus developed in one of 50 pediatric patients receiving FK 506
(both as a primary agent and after conversion from CyA).

Posttransplant lymphoproliferative disease and other malignant diseases—
Posttransplant lymphoproliferative disease developed in tow pediatric patients in the FK 506
group at 4 and 5 months after transplantation. In one patient the disease resolved with
reduction in immunosuppression; the other patient died of disseminated posttransplantation
lymphoproliferative disease. Another pediatlic patient, who initially received CyA, died of
disseminated posttransplantation lymphoproliferative disease after conversion to FK 506. Of
the adult patients, one in the CyA group died of brain lymphoma; four in the CyA group
died of other malignancies, including osteosarcoma (n = 1), recunent cardiac
rhabdomyosarcoma (n = 1), lung carcinoma (n = 1), and testicular embryonal cell carcinoma
(n = 1).

Other side effects of FK 506, which have been reported elsewhere16 and included extremity
paresthesis, akinetic mutism, myalgia, and tremor, were infrequent and transient. Notably
absent in the FK 506 group were gingival hyperplasia, hirsutism, and coarsening of facial
features. No patients in the FK 506 group had severe and persistent adverse events that
required discontinuation of this drug.

Discussion
Although chemically unrelated, FK 506 and CyA both inhibit the immune response via their
ability to prevent the transcription of lymphokine genes after the activation of T-cell
receptors.14 Both act early in the cell cycle and thus are very effective as
immunosuppressants. Since its discovery by Ochia and associates15 in 1987, FK 506 has
been extensively studied. In vitro, FK 506 suppressed the proliferative response in mixed
lymphocyte cultures by inhibiting interleukin-2 synthesis after alloactivation.1, 2, 16 In vivo,
FK 506 effectively prevented and reversed rejection to various allografts in different animal
models.16–18 FK 506 was initially introduced into clinical use in 1989 by Starzl and
colleagues19 for the treatment of liver, kidney, and pancreas recipients. After the initial
success of FK 506 as a primary and rescue agent in clinical organ transplantation,20–22

randomized multicenter trials both in the United States and in Europe with liver transplant
recipients have indicated that FK 506 is effective and superior to CyA as an
immunosuppressive agent.23–25 FK 506 was finally approved by the Food and Drug
Administration for use in clinical liver transplantation in 1994. We first introduced FK 506
into clinical heart transplantation in October 1989. Our initial experience with this drug as a
primary and rescue agent indicated that FK 506 was an effective immunosuppressant and
was well tolerated.3 The intermediate-term data reported herein confirm our initial findings.
Although the survival is the same in both groups, an FK 506–based regimen results in a
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lower rate of acute and refractory rejection than does a CyA regimen. The effect of FK 506
was most pronounced when it was compared with a CyA-based regimen that included no
lympholytic induction. In addition, FK 506 was associated with a lower risk for
hypertension and fewer requirement for steroids.

The fact that 15% of the patients in the CyA groups were successfully converted to FK 506
for refractory rejection reflects, in part, the more potent immunosuppressive properties of
FK 506 and, in part, our philosophy to minimize the use of multiple courses of high-dose
steroids and lympholytic therapy. In our earlier experience with FK 506 as a “rescue” drug
for refractory rejection, we observed a very high incidence of posttransplantation
lymphoproliferative disease, especially in patients who had received multiple courses of
steroids and lympholytic agents before being converted to FK 506.26 Excessive use of
lympholytic treatments is a primary risk factor in the development of posttransplantation
lymphoproliferative disease.27 We therefore strongly believe that early conversion to FK
506 in patients with refractory rejection who are being treated with CyA should reduce this
risk.

Renal toxicity is a major side effect of both FK 506 and CyA. Studies in liver recipients
have shown that nephrotoxicity was comparable between CyA and FK 506 and that the
mean serum creatinine levels at various time points after transplantation were similar in the
two groups.23, 25 In the current study, 1 year after transplantation, patients in the FK 506
group had slightly higher mean serum creatinine levels than those in the CyA group (p = not
significant). However, this difference disappeared after 2 years. The higher serum creatinine
level at 1 year after transplantation in the FK 506 group probably reflects our learning curve
in the use of this drug. With experience, we believe that this difference will disappear.
Hyperkalemia is a known side effect of FK 506 and has been reported to be independent of
renal function.28, 29 This side effect was, however, easily treated with a small dose of
fludrocortisone. Possible mechanisms responsible for the hyperkalemia include the inability
of the distal renal tubules to respond to aldosterone (type IV renal tubular acidosis) and a
decrease in the level of plasma renin caused by a depressed cellular activity of the
juxtaglomerular system.30, 31

The risks of infection and posttransplantation lymphoproliferative diseases were similar with
both FK 506 and CyA. Other advantages of FK 506 over CyA include a lower risk of the
development of new-onset hypertension, the lack of gingival hyperplasia, and the lack of
coarsening of facial features.

Although the current study is limited by a lack of randomization and involves a different
organ, it yields results similar to those of the randomized studies with liver and lung
transplantation. In the European multicenter trial, which consisted of 545 primary liver
recipients, the rate of patient and graft survival was similar between FK 506 and, CyA
groups; however, patients receiving FK 506 had significantly fewer episodes of acute,
refractory acute, and chronic rejection.25 The multicenter trial in the United States
consisting of 529 primary liver recipients reported similar results.23 The 1-year actuarial
survivals were similar between FK 506 and CyA arms, and patients receiving FK 506 had
fewer episodes of acute, steroid-resistant, and refractory rejection. Our own randomized trial
of FK 506 in lung transplantation,32 which involved 74 lung recipients (38 received FK 506
and 36 CyA), reported the same findings. The 1-year survival was similar between the two
groups; however, patients in the FK 506 arm had significantly fewer episodes of acute and
refractory rejection.

In summary, FK 506 has proved to be an effective immunosuppressive agent in clinical
cardiac transplantation. The intermediate-term results indicate that the patient survival is
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similar with FK 506 and CyA immunosuppression. However, patients receiving FK 506
have fewer episodes of acute and refractory rejection, require less treatment for rejection,
and need lower doses of maintenance steroids. Major side effects of FK 506 and CyA are
similar. FK 506, therefore, is a useful drug in clinical heart transplantation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Actuarial survival of cardiac transplant recipients according to different immunosuppression
protocols.
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Fig. 2.
Freedom from acute rejection (grade 3A or higher) according to different
immunosuppression protocols. The actuarial freedom from rejection in patients who
received triple-drug therapy without lympholytic induction (CyA alone) was lower (p <
0.01) than that of the FK 506 group. No difference in the freedom from rejection between
the FK 506–treated patients and the CyA-treated patients who received lympholytic
induction.
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Fig. 3.
Actuarial freedom from allograft coronary artery disease (CAD) in patients who received FK
506 versus those who received CyA-based regimen (with and without lympholytic
induction). No difference was observed between the two groups (p = 0.07).
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Fig. 4.
Serum creatinine levels at various time points after transplantation in adult cardiac recipients
receiving FK 506 and CyA. One year after transplantation, the serum creatinine levels were
significantly higher than the pretransplant (PreTx) values for both groups (p < 0.01). There
were no statistically significant difference in the serum creatinine concentrations between
FK 506 and CyA groups.
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Table I

Demographics of cardiac transplant recipients receiving FK 506 and CyA

Immunosuppression

FK 506 CyA

No. of patients 122 121

Age (yr)

    Mean ± SD 34.2 ± 22.3 47.8 ± 14.5*

    Range 0–65.2 1.8–66.3

    <18 yr 42 10†

    >18 yr 80 111

Gender

    Male 97 104

    Female 25 17

Underlying disease

    Ischemic 37 53

    Idiopathic 31 49

    Congenital 27 3

    Other 27 16

Ischemic time (min)

    Mean ± SD 215.1 ± 63.0 206.9 ± 63.2

Duration of follow-up (yr)

    Mean ± SD 3.2 ± 1.3 2.8 ± 1.9†

SD, Standard deviation.

*
p < 0.05.

†
p < 0.01.
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Table II

Causes of death during FK 506 and CyA immunosuppression

Immunosuppression

FK 506 CyA

No. of patients 122 121

No. of deaths 24 (20%) 23 (19%)*

Causes of death

    Acute rejection 2 (2%) 4 (3%)

    Allograft CAD 3 (2%) 5 (4%)

    Infection 6 (5%) 3 (2%)

    Malignancy

      PTLD 1 (0.8%) 2 (2%)

      Others 0 (0%) 4 (3%)

    Miscellaneous 12 (10%) 7 (6%)

CAD, Coronary artery disease; PTLD, posttransplant lymphoproliferative disease.

*
p = Not Significant.
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Table III

Rejection, and requirement for steroid boluses and lympholytic treatments under different protocols

Immunosuppression

FK 506 CyA CyA+LI

Rejection-free rate at 30 days  47%  22%†  53%

Episodes of rejection (No.)* 0.09 0.26† 0.13‡

Steroid bolus (No.)* 0.09 0.20‡ 0.11‡

Lympholytic treatment (No.)* 0.009 0.06† 0.02

*
Number per 100 patient-days.

†
p < 0.01 compared with FK 506 group.

‡
p < 0.05 compared with FK 506 group.
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