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The new immunosuppressive agent FK 506 was used as
primary immunotherapy in conjunction with low-dose
steroids and azathioprine in 72 patients subsequent to
orthotopic cardiac transplantation. Overall patient sur-
vival at a mean follow-up of 360 days was 92%. The
number of episodes of cardiac rejection (grade 3A or
greater) within 90 days of transplantation was 0.95 per
patient. The actuarial freedom from rejection at 90 days
was 41%. Achievement of this level of immunosuppres-
sion is comparable with that of cyclosporine-based tri-
ple-drug therapy with OKT3 immunoprophylaxis. Thirty
percent of patients were tapered off all steroids, and the
average steroid dose in the group who received steroids

he potent immunosuppressive macrolide antibiotic FK

506 has undergone clinical testing at Presbyvterian-
University Hospital since Januarv 1989. The initial clinical
trials were designed for liver transplant recipients with
refractory rejection (1, 2], and pursuant to the dramatic
and gratifving results, FK 506 was introduced as the basis
of immunosuppression in kidnev and liver transplant
recipients in March 1989 (3, 4]. Since October 1989, in a
prospective clinical trial, 72 patients have undergone
orthotopic cardiac transplantation using primarily FK 506
and low-dose steroids as immunosuppression. Dramatic
results were also attained in 10 patients with cardiac
rejection retfractorv to all known conventional treatment
who underwent rescue therapv with FK 506.

Material and Methods

Primary Patient Group

Seventy-two patients were prospectively entered into this
studv from October 1989 to January 1992, Informed con-
sent was obtained from each patient before transplanta-
ton tor the use of FK 506 and steruids as the foundation
of immunosuppressive therapy; 10 patients received con-
ventional cvelosporine-based immunosuppression during
this pertod. These 10 patients either had hemorrhage or
hemodvnamic problems that precluded the initiation ot
FK 506 therapy within 24 hours of transpiantation or
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was 8.6 mg of prednisone per day. The incidence of
infection reflected the diminished necessity for steroids:
seven major infections (10%) and 11 minor infections
(16%). Renal dysfunction occurred during the perioper-
ative period in most patients in this trial. However, the
incidence of hypertension was 54¢% compared with 70%
during the cyclosporine era. Ten adults underwent suc-
cessful rescue therapy with FK 506 after cardiac rejection
refractory to conventional immunotherapy. Side effects
of FK 506 were notably few, and the results of the trial
are encouraging for the future of the cardiac transplant
recipient.

(Ann Thorac Surg 1992;54:205-11)

refused consent. No attempt was made to selectivelv
enroll patients in this study based on severity of illness,
preoperative United Network for Organ Sharing status, or
preoperative end-organ function.

In the studv group, there were 59 men and 13 women
ranging in age from 24 to 61 years. Eight patients (117)
required mechanical circulatory support before transpian-
tation in the form of the Novacor left ventricular assist
device (6), the Thoratec left ventricular assist device (1),
and a total artificial heart (1). Six other patients awaited
transplantation with intraaortic balloon pump support.
The cause of cardiomvopathy included ischemic (32},
idiopathic (23), valvular (6), mvocarditis (4), hvpertrophic
(3), retransplantation (3), and congenital heart disease (1).
Panel reactive antibodv was less than 10% in ail but 3
patients. Mean follow-up was 360 davs (range, 3 to 827
davs) as of January 1992.

Rescue Patient Group

The cniteria for the use of FK 506 as a ““rescue” agent were
strictly dependent on persistent grade 3A rejection and
previous treatment with triple-drug therapy (cvclospo-
rine, azathiopnne. and sterotds) and conventionai rescue
therapy for rejection of at least two courses of intravenous
steroids and one or more courses' of antilvmphocyte
therapy (antithvmocvte globulin. antlvmphocyte globu-
lin, or OKT3).

The 10 patients in the rescue group represented an
extremelv heterogeneous population. Six of them were
referred to our institution from other centers. They were
vounger (age range, 22 to 30 vears) and were seen earlier
after transplantation (range, 3 to 22 months; average, 3
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months) than those from our own center. All 6 patients
referred for FK 506 rescue had refractorv grade 3A or
greater rejection and had received at least one course of
OKT3 and two courses of intravenous methylpredniso-
lone. Three of the 6 had received both antithvmocyte
globulin and OKT3. One patient had had two courses of
antithvmocyte globulin and one course of OKT3. Another
patient had had a course of methotrexate. All of these
patients were receiving high-dose cyvclosporine. azathio-
prine, and prednisone, 20 to 50 mgrdav. One patient had
had a panel reactive antibodyv of 60% before transpianta-
tion, had acutely rejected the first transplanted heart, and
was supported on extracorporeai membrane oxygenation
for a week before retransplantation. She then had persist-
ent rejection of the second heart and was referred for
rescue.

The 4 patients from our center (age range, 53 to 67
vears) had undergone transplantation 1 year to 4 vears
previously (average time, 2.5 vears). All had received one
to two courses of antithvmocyte globulin and one to two
attempts at steroid therapy and had persistent grade 3A
rejection.

FK 506 Therapy

FK 506 treatment was begun as an intravenous loading
dose within 6 to 12 hours after transplantation. In the
early clinical trial, from October 1989 to August 1990, 23
patients received 0.15 mg - kg™' - day~! of FK 506 in two
divided doses, each over 4 hours, for a duration of 24 to 72
hours. As soon as gastrointestinal function returned, oral
FK 506 was initiated at a dose of 0.3 mg + kg~' - day ',
with the first oral dose given with the last intravenous
dose. Since August 1990, 49 patients have received 0.05
mg* kg~' - day™' of FK 506 as a continuous intravenous
infusion as a loading dose begun within 6 to 12 hours after
transplantation for 24 to 48 hours. Oral administration of
FK 306 was begun at 0.3 mg- kg™ '-dav™' after the
intravenous infusion was completed. The oral dose of FK
506 was- targeted for a serum level of 0.7 to 1.5 ng/mL
(12-hour trough enzvme-linked immunosorbent assay by
the technique of Tamura and colleagues [3]) depending on
renal function and rejection historv. The oral maintenance
dose to attain target levels ranged from 0.04 to 0.4
mg - kg™! - dav™' with an average oral dose of 0.15
mg - kg ' - dav

1

Steroud Therapy

Methviprednisolone, 7 to 10 mgkg, was administered
intravenously in the operating room and in three divided
doses for a total of 5 mgikg in the first 24 hours after
transplantation. Thereatter, patients received oral pred-
misone, 0.15mg * kg *' - dav™'. In the early tnal (October
1989 to August 1990), steroid weaning was begun at the
first week after transpiantation based on freedom from
rejection, Since August 1990, steroid weaning has begun
at the 12th posttranspiant week, again based on freedom
from rejection.

Other Agents

Azathiopnine was reserved as an adjunctive immunosup-
pressive agent to aid in control of rejection or to ailow
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lower FK 506 treatment in patients with renal dvsfunc-
tion. OKT3 was reserved for severe rejection associated
with hypotension or hemodynamic compromise.

All patients entered into the FK 506 immunotherapy
protocol were placed on a regimen of prophylactic oral
trimethoprim/suilfamethoxazole and nystatin (Mycostatin;
E.R. Squibb & Sons, Princeton, NJ). Acvclovir was admin-
istered for the first 6 months after transplantation and
discontinued thereatter.

FK 506 Rescue Therapy

“Rescue” treatment required a 7- to 14-day hospitaliza-
tion. The medical records and endomyocardial biopsy
slides of the patients were reviewed, and complete blood
screening as well as chest and abdominal computed
tomographic scans were performed. Cyclosporine admin-
istration was discontinued the dayv of admission, and in 8
of the 10 patients, azathioprine was also discontinued.
Steroid dose was diminished to half the maintenance
dose. No intravenous loading dose of FK 506 was admin-
istered. The patients were begun on a regimen of oral FK
506, 0.3 mg - kg ™' - day ™', in two divided doses, and FK
506 levels were targeted at 1 to 1.5 ng/mL. Cardiac
function was evaluated by multigated acquisition scan
and echocardiography before and after FK 506 rescue. An
endomyocardial biopsy was performed on day 7. If rejec-
tion had resolved by day 7, the patient was discharged
and followed with endomyocardial biopsy, echocardiog-
raphy, blood work, and measurement of FK 506 levels. If
rejection had not resolved at the time of the first biopsy,
the patient had a second biopsy on day 14. All rescue
patients were discharged home within 14 days.

Monitoring for Rejection

Surveillance of all patients after transplantation involved
weeklv transvenous endomvocardial biopsies during hos-
pitalization and at slowlv increased intervais after dis-
charge. Biopsy specimens were graded using hematoxvlin
and eosin staining after light microscopy by a pathologist
who was blinded to the immunosuppressive protocol of
the patient. Biopsy grades were defined according to the
standardized nomenclature for cardiac rejection [6]. Bi-
opsv specimens that were read before the advent of the
standardized nomenclature were retrospectively re-
viewed and graded according to the new standardized
method.

Monitoring for Infection

All patients were followed up by a specialist in infectious
disease. Titers for hepatitis B virus. herpesvirus. Epstein-
Barr virus, human immunodeficiency virus, Toxoplasma,
and cytomegalovirus were pertormed on all donors and
recipients before transplantation. The diagnosis of infec-
tion was made using clinical criteria as previouslv defined
by this institution (7]. Complete blood screeming was
performed daily in the hospital and at all follow-up visits.
Questionnaires to identify untoward side effects of FK 506
were compieted on ail patients throughout follow-up.
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Resulits

Survival

Sixty-six (92%) of the 72 patients entered into this trial are
alive. The perioperative mortality (30 davs after transplan-
tation) was 4%. The causes of the 3 early deaths were as
follows: secondary to pulmonary hyvpertensiorvright heart
failure; disseminated aspergillosis; and unknown. The
patient with an unknown cause died suddeniy on an
exercise cycle at home; he had had no episodes of rejec-
tion at four biopsies; permission for postmortem exami-
nation was denied.

The late mortality (>30 days after transplantation) was
4%. The first late death was secondarv to low cardiac
output (day 54); there was no evidence of rejection,
cellular or humoral, or serious coronarv artery disease at
postmortem examination. The second late death was due
to pneumonia, empyvema, and colitis (month 6), and the
third, to myocardial infarction and coronary arteriopathy
after gratting (month 10). No death has been attributed to
FK 506 therapy or to acute or refractory cardiac rejection.

Rejection

Rejection was defined as any histological diagnosis of
grade 3A or greater. An episode of rejection was defined
as one biopsy grade of 3A or greater, irrespective of
sequential occurrence. Recurrent rejection was defined as
a biopsy grade of 3A or greater after treatment and
resolution of a prior episode of rejection.

In the primary therapy group there were 72 patients, 67
of whom were followed up for 90 davs or more. We
analyzed this group as a whole and also as two groups
based on the FK 506 intravenous induction dose: group 1,
0.15 mg-kg™'-day™' (n = 20), and group 2, 0.05
mg -+ kg~! - day ™' (n = 47).

Of these 67 patients, 33% never had an episode of
rejection, and 67% had at least one episode. The mean
number ot days to the first episode of rejection was 37 =
52 (median, 16 days; range, 6 to 237 days). The mean
number of episodes of rejection per patient within 90 days
was 0.95 = 1.01 (median number, 1). Recurrent rejection
occurred in 27.6% of the total group. The actuarial free-
dom from rejection at 90 days was 41% and at 180 days,
34% (Table 1).

The high-dose (0.15 mg - kg ™' - dav ') FK 506 induc-
tion group (group 1) was analvzed and compared with the
low-dose (0.05 mg - kg ™' - day™") group (group 2). The

Table 1. FK 506 Versus OKT3/Triple-Drug

bnmunosuppression
—_

OKT3Triple
v Drug FK 306

Vanable (n =43} (n =07
Mean time to test grade 3 rejection (d) 33 £5.6 37 = 52
Percent rejection tree at %0 dayvs 40 41
Rejechon episodes.patients at 90 davs 1 0.95
p“'@ﬂuze with recurrent rejection 18 23

* Sigmficance: e 0Ol by - anaivsis.
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Table 2. Low-Dose Versus High-Dose FK 506

Immunosuppression"

Group1 Group 2
Variable (n=20) (n=47)
Mean time to first grade 3 rejection (d) 34 14°
Percent rejection tree at 90 davs 40 41
Rejection episodes/patients at 90 days 0.95 0.95
Percentage with recurrent rejection 20 31

* Group | received 0.15 mg - kg "' - dav™! and group 2. 0.05 mg - kg~' -
day~!. ® Significance: pr < 0.01.

actuarial freedom from rejection at 90 davs was 40%
versus 41%, respectivelv. Statistical analvsis failed to
reveal any significant difference between the two groups
in the variables of rejection studied with the exception of
the mean number of davs to the first episode of rejection
(Table 2).

Twenty-one (31%) of the 67 patients had FK 506 as the
only immunosuppressive agent. Thirtv-nine (538%) were
given prednisone (5 to 10 mgs/day), and 28 (42%) required
azathioprine. Twenty-one patients (31%) were on a regi-
men of triple therapy (FK 506, azathioprine, and pred-
nisone). Only 3 patients (4%) required OKT3 for severe
rejection.

Seven of the 10 patients in the rescue group were free
from rejection after the FK 506 switch. The other 3 each
required one subsequent treatment to resolve rejection: 1
received a prednisone taper; 1, an intravenous dose of
methylprednisolone for 3 days; and 1, intravenous meth-
ylprednisolone and OKT3. The average length of fol-
low-up in this group was 11 months. The average main-
tenance dose of FK 506 in the rescue group was 0.12
mg - kg~ - day~'. Eight of the 10 patients remained on a
regimen of steroids but at considerablv lower doses; the
average prednisone dose was 20 mg/day before rescue
and 7.5 mg/day after rescue. Four patients were treated
with azathioprine and FK 506, 3 of whom were aiso
receiving prednisone.

Infection

Four major infections were present in 3 patients before
cardiac transplantation. One patient had two infections
before transplantation: staphylococcal line sepsis second-
ary to an intraaortic balloon pump and sternal Candida
osteomvelitis at the time of removal of a Novacor left
ventricular assist device. This same patient had puimo-
nary emboli and infarctions before placement of the
device but remained free from intection atter transplanta-
tion with FK 506 as the sole immunosuppressive agent.
Amphotericin was administered tor 5 weeks atter trans-
plantation, and the patient recovered without sequelae.
The second patient had a Klebsielis pneumonia during
intraaortic balloon pump support, received 8 davs of
antibiotic therapy before transplantation, and recovered
without turther infection. The third patient with an infec-
tion before transplantation had endocarditis and line
sepsis with sterile blood cultures betore transplantation.
He also recovered without compiications.
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After transplantation. there were 18 infections in the 67
patients followed up tor 90 dayvs or more. There were
seven major infections (10%) in 3 patients, with two
deaths secondary to infection; one was due to dissemi-
nated aspergillosis and one, to a gram-negative pneumo-
nia’empyema with subsequent Clostridium difficile colitis.
One patient had a pulmonary abscess and subsequently
had development of an aortic suture line mvcotic aneu-
rysm, which was diagnosed by magnetic resonance imag-
ing and repaired. Another patient had two pneumonias,
pneumococcal and pneumocystic. The seventh major in-
fection was a Proteus and staphylococcal abdominal
wound infection after explantation of a Novacor left
ventricular assist device. There were 11 (16%) minor
infections, six of which were gastrointestinal cvtomegalo-
virus.

In the rescue group, 5 (50%) of the 10 patients had
infections before or at the time of the FK 506 switch. Two
patients had cytomegalovirus and herpetic infections, 3
had cvtomegalovirus aione, and 1 patient had a ruptured
aortic suture line Salmoneils mycotic aneurysm. Subse-
quent to FK 506 rescue, there were three infections:
bronchitis, gastritis, and pneumonia.

Cardiac Function and Coronary Arteriopathy

All surviving patients had excellent cardiac function. In
the primary patient group, the average left ventricular
ejection fraction measured by gated nuclear scan, echo-
cardiography, or both was 0.66. The range was 0.48 to
0.75 at the time of longest follow-up. The average left
ventricular ejection fraction in the rescue group was 0.61
(range, 0.47 to 0.70) before the switch and 0.63 (range,
0.50 to 0.76) after rescue.

Coronary arteriopathv after transplantation was de-
fined as any luminal irregularity or any degree of coronary
stenosis. To maximize the possibilitv of detecting coro-
nary disease transplanted from the donor to the recipient,
any recipient of a donor heart 40 vears or older had
coronary angiography before discharge atter the trans-
piant procedure. There were 4 such patients, and all the
coronary studies were normal. The average donor age
was 35 vears (range, 19 to 49 vears). At the l-vear-
tollow-up interval, 35 patients have undergone routine
left and right heart catheterization with coronarv angiog-
raphyv. and 4 patients (11%) have had posttransplantation
coronary arteriopathv. There was one death due to mvo-
cardial infarction in a patient with detected coronarv
disease at 1 vear.

Renai Function and Hypertension

In the 67 patients followed up for 90 davs or more, the
mean creatinine level before transplantation was 1.3
ngrdL (= 0.8) and at 3 and 6 months atter transplantation,
1.9 ngsdl (= 0.7) and 2.2 ng/dL (= 0.5), respectively. In
group 1, with high-dose intravenous induction, the mean
pretransplantation creatinine level was 1.4 ng/dL and at 3
and 6 months after transpiantation, 2.3 ngrdL. In group 2,
with lower dose intravenous FK 506 induction, the mean
pretransplantation creatinine level was 1.3 ng/dL and at 3
and 6 months after the procedure, 1.8 ng/dl and 2.1
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ng/dL, respectively. Although there was no significany
difference in serum creatinine level between the twg
groups, 4 patients required dialysis in the perioperative
period, 3 of whom were in group 1. Peak renal dysfunc.
tion occurred at the first postoperative week with ap
average serum creatinine level of 2.3 ngrdL (= 1.03). [
the rescue group, the switch to FK 506 was very we)
tolerated with respect to renal dvsfunction. The average
serum creatinine level was 1.3 ng/dL before rescue and 1 g
ng/dL after rescue.

Thirty-six (54%) of the 67 patients had diastolic hyper.
tension necessitating antihvpertensive therapy. All 3¢
patients were treated with a single agent, either enalapri]
maleate or diltiazem hydrochloride. In the rescue group, 7
of the 10 patients had hypertension before rescue, and al|
7 continued to require treatment while receiving FK 506,
However, 2 of the 7 patients were able to control the
hypertension with single-drug as opposed to double-drug
therapy on a regimen of cyclosporine.

Metabolic Studies and Side Effects

There were 20 insulin-dependent diabetics among the 67
patients receiving primary FK 506 therapy after cardiac
transplantation. Four of the 20 were insulin dependent
before transplantation (2 had juvenile-onset diabetes mel-
litus), and 3 were non-insulin-dependent diabetics. There
were 12 new-onset insulin-dependent diabetic patients
(20%) among 60 nondiabetic recipients. Ten of the 12 with
new-onset diabetes were also on a regimen of prednisone
(average dose, 7 mg/day).

Continued monitoring of hematological and coaguia-
tion indices as well as hepatic function failed to reveal any
abnormalities at this follow-up interval. Cholesterol and
triglycenide levels have been slightly lower than those in
cvclosporine-treated patients, but not signiticantly so.
Five patients have borderline elevated uric acid levels.
Elevated serum potassium levels (K* >+ 5.0 mEg/L), which
required treatment with furosemde, were seen in 8 pa-
tients. This abnormality in K~ excretion was independent
of renal function and has been observed in other organ
recipients treated with FK 506.

Side effects have bren rare despite routine question-
naires during hospitalization and during outpatient tol-
low-up. There have been no seizures, cerebrovascular
accidents, or neuropathies secondarv to FK 506. One
patient in the pnmary therapy group had a thromboem-
bolic occipital cerebrovascular acadent with associated
hemorrhage and seizure from which he has recovered
with little residual deficit. There have been occasional
reports of extremitv paresthesia and temperature maisen-
sations, usuallv associated with elevated FK 506 levels.
One patient with mild multiple sclerosis expenienced
akinetic mutism while receiving FK 506, which led to a
reduction in the dose. He has since recovered and re-
turned to work. Muscie aches. miid insomnia. and tremor
were aiso reported. Notably absent in this patient group
were complaints of gingval hvperplasia or hirsutism.
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Posttransplantation Lymphoproliferative Disease

Ten months after transplantation, 1 patient (1.4%) in the
primary therapy group had development of an inflamma-
tory cervical adenopathy, which on excision biopsy was
consistent with posttransplantation iymphoproliferative
disease. Reduction in immunotherapy resulted in resoiu-
tion of the process, and no recurrence has been detected
at 16 months’ follow-up. Two months after rescue, 1
patient in the rescue group also had posttransplantation
lymphoproliferative disease, which manifested as gastro-
intestinal hemorrhage necessitating laparotomy. Again,
reduction in immunotherapy led to resolution of the
disease process. Her immunosuppression regimen before
rescue had consisted of four courses of intravenous ste-
roids and OKT3 with cvclosporine, azathioprine, and
prednisone over a 2-month period.

Comment

These early resuits with FK 506 as the basis of immuno-
suppression hold tremendous promise for the future,
both as primarv immunotherapy in cardiac transplanta-
tion and as an effective agent for rescue therapy in
refractory cardiac rejection. In a prospective, randomized
study [8] performed at the University of Pittsburgh com-
paring rabbit antithymocyte globulin with OKT3 immu-
noprophylaxis plus cyclosporine-based triple-drug ther-
apy, the OKT3 immunoprophylaxis group had an
actuarial freedom from rejection at 90 days after trans-
plantation of 40% with 1.0 episode of rejection per pa-
tient. The actuarial freedom from rejection in the FK 506
and low-dose steroid immunotherapy group at 90 days
after transplantation in our study was 41% with 0.95
episodes of rejection per patient. However, the percent-
age of recurrent rejection was 48% with OKT3/cyclospo-
rine versus 28% with FK 506 (p < 0.01, x* analysis).

We have been impressed with the ability of this new
agent to attain immunosuppression in cardiac transplant
recipients comparable with one of the best immunosup-
Pressive protocols at the University of Pittsburgh during
the last decade. This level of immunosuppression has
been achieved without antilvmphocyte therapy, without
immunoprophylaxis, and with marked reduction in ste-
roid and azathiopnine requirements. Twenty-eight (42%)
of the 67 patients in this study who were followed for 90
davs or more receive no steroids at all. The average
steroid dose tor those adults on a regimen of prednisone
1s 8.6 mgsday. The dramatic ability ot FK 506 to reverse
Cardiac rejection that has been refractorv to aggressive
treatment with conventional immunotherapeutic tools
and the reiativelv low rate of major (10%) and minor (16%)
infections are turther testament to the potency and selec-
tivity of its immunosuppressive actions.

Another advantage of FK 506 is the tlexibility it intro-
duces to immunosuppresstve management. Mild to mod-
€rate rejection (grades 1A, 1B, and 2) was treated preter-
ntially bv mereiv increasing the FK 306 dose. The
oncept ot augmenting immunosuppression and treating
fejection bv increasing baseline immunotherapy adds a
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new tool to our armamentarium of antirejection therapy.
The biological and immunologic basis for this quality of
FK 506 is presently under intense study at the University
of Pittsburgh. Despite the immunosuppressive potency of
FK 506, the incidence of early posttransplantation lym-
phoproliferative disease (1.4%) in the cardiac recipient is
similar to the incidence (1.8%) observed in the previous
decade of cyclosporine-based immunotherapy (9].

Despite the excellent tolerance of FK 506 by patients
and few observed or reported side effects, renal dysfunc-
tion is a price paid when the drug is used as described in
this report. \We believe that systematic overdosing oc-
curred in patients receiving FK 506 intravenously in the
perioperative period in our attempt to achieve high early
FK 506 levels (group 1). We have changed initial bolus
intravenous FK 506 therapy to continuous infusion and
have lowered the initial intravenous dose to a single
24-hour constant infusion dose at 0.05 mg/kg, with enterai
FK 506 begun on the first postoperative dav (group 2).
Attendant with reduction of the postoperative .intrave-
nous loading dose of FK 506, the median time to first
grade 3A rejection was diminished from 34 to 14 days.

We believe that the intravenous induction dose is
important to gain appropriate early downregulation of the
immune system. Further refinements in our knowledge
regarding FK 306 dosage and therapeutic levels, together
with the diminished incidence of hypertension, may
actually improve the long-term outlook for renai function
in cardiac transplant recipients. The incidence of hyper-
tension was 34% in the FK 506 group versus 70% in the 40
cardiac transplant recipients at the University of Pitts-
burgh before October 1989.

FK 506 does have a negative effect on the beta isiet cell,
and this is retlected in the 18% incidence of new-onset
diabetes in the adulit population. This diabetogenic effect
was enhanced by the necessity for steroid therapy in 10 of
these 13 patients.

As cyclosponine had little impact on the manifestation
of chronic allograft rejection or coronary arteriopathy, the
full impact of FK 506 has vet to be determined. The I-year
incidence of coronary arteriopathy was 11%. Until we
improve our understanding of the mechanisms and
immunobiology of this process and are able to target
different arms of immune upregulation, posttranspianta-
tion coronary arteriopathv will continue to occur at a
predictable rate and threaten the long-term survival of the
cardiac transplant recipient.

Cardiac tunction and the quality of life {10] in our
patient group have been excellent. Councerns regarding
vasculitis and neuropathv have not been realized. The
diminished need for sterouds, nonspecific bone marrow
suppression, and antilymphocvte and antihvpertensive
therapy holds tremendous promise for the future of
cardiac transplant recipients.

Speqal thanks tor assistance to Ann Lee. Diana Zaldonis, Wendv
Donato. Sharon Burkette. and Marv Hutchison.
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DISCUSSION

DR R. MORTON BOLMAN III (Minneapolis, MN): The Pitts-
burgh group has made many contributions over the last 10 years
in the field of heart transpiantation and, indeed, thoraac organ
replacement in general. | think this careful studv of a new drug
that hit with quite a spiash a year or so ago is another indication
of the debt that we owe these investigators. | have a couple of
comments and then a couple of questions for Dr Armitage.

In 1981 when cyclosponne was introduced with similar fan-
fare, early resuits indicated that cvclosporine alone or even
combined with prednisone was not an adequate regimen, and
regimens using muitiple therapy were developed. In 1983, we
introduced the triple-therapy concept, which you alluded to with
FK. We and others found that this is a much better regimen in
terms of a lower incidence of rejection and infection and better
overall survival. We have employed this regimen in all subse-
quent heart, lung, and heart-lung reciptents and continue to find
it effective.

In light of these resuits, why would vou propose that we
switch to FK? We now are observing approximatelv 80% rejec-
tion-tree survivai at 1 vear, and others using triple therapy have
had at Ieast 50% rejection-tree survival at 1 vear and bevond. We
have similar rates of infection. and we have never emploved
induction or immunoprophviaxis as vou indicated vou had.

Second. | think an important concept is the one vou introduced
for retractory rejection. This is an exating and potentiailv verv
important area, although | am puzzled by the average ejection
fraction ot greater than 0.60 in vour refractory rejection group.
This corresponds to our expenence. but nonetheless, this mav be
an exciting potential appiication tor this drug.

Third, the bottom hine tor anv ot these regimens 1s what their
impact will be on coronarv arterv disease. This is stull the major
long-term impediment to survival. Based on either investiga-
tionai or clinical grounds. what are vour 1nitial impressions
concerning any advantage ot this agent over the regimens we use
today?

DR ARMITAGE: | appreciate vour comments verv much. |
wouid not encourage evervone to switch immediately to this
drug. It is difficult to make an impact on the survival curves that
we have nowadays, and the survivai curves with this agent are
similar to the very good survival curves produced bv any other
center using cyclosponne. No immunosuppressive agent is to be
used in a cookbook fashion, and certanly with this agent there
was a learming curve assocated with its use.

One major advantage for some of these patients is the quality
of life, mainly in terms of side effects. Hypertension, although
seen, is not so difficult to treat. We have no patients on a regimen
of double antihypertensive therapy, as is frequently seen with
the cyclosponine group, and this may affect long-term renal
function. That would be one benefit.

Hirsutism would not be so bad for myself and other gentiemen
of my age group, but for a 20-year-old woman, it is a problem,
and a few of our pediatric patients were switched from cvcio-
sporine for that reason. Hirsutism has not been seen with FK 506,
nor has gingival hyperplasia. Some of the side effects of the drug
are less troublesome, which may have some benefit in terms of
quality of life, but it is difficult to have an impact on survival
when we are doing so well already. | think the attempt is to
improve the quality of life, and this agent may have some benefit
in that reaim.

Regarding coronary artery disease. the incidence of coronary
arteriopathy after transplantation in our FK group is actuailv a
little high, although not outside the norm. One concern about the
drug was that in animal studies. 1t was seen to cause vasculitis in
large amimals, and part of the reason that it was not tried in many
other centers, | think. was the concern that it would produce
coronarv vasculitis. We have not seen that or anv other svstemic,
muscular, or central nervous system vasculitis. | think the hope
that FK 506 will dimirush or preciude the event of coronary
arteriopathvy is a talse hope. as it was tor cvclosponne. One ot the
predictors that we have sven for the negative vuastence of
coronary arteriopathy 1s treatment tor rejection. Is it worthwhile
gIving patients a dose ot steroids or pulse therapy 6 months, 9
months, and 12 months postoperatively even it thev have not
had an episode «f rejection to try and address this 1ssue ot
artenopathy atter transplantation?

Regarding the rescue group, aithough ejection tractions were
not dimintshed in ail of the patents, many ot them had had
episodes ot dimimished ejection traction. Most had been able to
maintain adequate ventncular tunction with traditional rescue
agents but were unable to clear the ceilular response ot rejecnon.
which was achieved with FK 506. | think that it can be an ettective
rescue agent, and when it is avaiable, | think it will be another
method by which to treat the problems of the solid-organ
transplant reapient.

DR JOGINDER N. BHAYANA (Buffalo, NY): | enjoved vour
report very much. Mv question concerns the rescue therapy.
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Have you seen patients who had rejection with FK 506, and did
you then trv cyclosponine therapy as rescue therapy?

DR ARMITAGE: Oniy 3 patients required rescue therapy, and
they were treated with OKT3 and had resolution.

DR JOEL D. COOPER (St. Louis, MO): My comments concern
your creatinine levels. You reported a mean creatinine level of
about 2 mg at 6 months, which I find very worrisome. How does
that compare with the creatinine levels of your historic controls of
a similar group of patients? Could you comment speafically on
what | consider a fairly high creatinine level at 6 months
postoperativelv?

DR ARMITAGE: There is no question that the drug has neph-
rotoxicity. We have learned to ameliorate this a little by dimin-
ishing the intravenous induction dose, although that has not vet
reached significance. | share vour concern about the drug's
nephrotoxicity. The learning curves associated with the'use ot the
drug are verv simular to those for cvclosponne, and if vou look at
the eariv expenience with cvclosponne. similar rises in creatinine
levels and decreases 1n renal tunction were seen. Once again, the
early attempts were made to try to use the drug as a sole agent.
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[ think perhaps that is a mistake and that it can best be used with
adjuvant agents.

One thing I did not mention, mainly because this presentation
was about adult patients, is that the drug has a major immune
advantage in pediatric patients. its nephrotoxicity appears to be
minimal in children, and most children who had heart transpian-
tation with FK 506 immunosuppression are free from nephrotox-
icity and from the use of any other agent. [ think a very exciting
role for this agent is its use in both heart and lung transplantation
in children.

DR COOPER: Is there a significant difference in the creatinine
level at 6 months between the FK group and the cyclosponne
group with which you compared it?

DR ARMITAGE: When we reviewed the cases ot the 40 patients
undergoing transplantation at our center before the advent of FK
506 and treated with cyclosporine, the average creatinine level in
that group was about 1.7. It was about 2.1 in the FK group at 6
months. That is not a significant difference. However, from the
standpoint of renal function, patients tolerate cvclosponne as we
use it now better than FK 506 as used in this study.



