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Abstract We conducted a 2-year
follow-up study of the efficacy and
safety of FK 506 in 104 kidney
transplant patients at 32 sites in
Japan. The initial daily oral dose of
FK 506 was 0.3 mg/kg, which was
gradually reduced to 0.15 mg/kg by
month 10 and remained stable
thereafter. The mean trough level
of FK 506 in whole blood and the
mean serum creatinine level in year
2 were 7.9 ng/ml and 1.9 mg/d],
respectively. Patient and graft
survival rates for all patients were
97% and 92 %, respectively. Forty-

six patients (44 %) experienced
rejection episodes, and 84 % of
these episodes occurred within 3
months after transplantation. The
principal adverse reactions to

FX 506 therapy were hyperglyc-
aemia, renal dysfunction and
hyperkalaemia. Most of these
events were dose-dependent, and
disappeared or ameliorated follow-
ing reduction of the FK 506 dose.
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Introduction

We conducted two open-labelled, multicentre studies to
determine the efficacy and safety of FK 506 in the
prophylaxis of graft rejection in kidney transplant pa-
tients. Patients enrolled in the early phase II study from
July 1990 to October 1990 [1]. Enrollment in the late
phase I study was from April 1991 to November 1991 [2].
Patients in both trials were to receive FK 506 treatment
for 12 weeks following transplantation [1, 2].

Data from the early phase II study revealed a signifi-
cant correlation between the through level of FK 506 in
whole blood and the onset of acute rejection. Fur-
thermore, a correlation between the whole blood trough
level of FK 506 and the occurrence of adverse events was
observed. Because the FK 506 trough concentration in
patients without acute rejection and adverse events ranged
from 15 to 20 ng/ml, we proposed that this range might
represent an optimal therapeutic window for FK 506

during the early phase of treatment following tranplan-
tation [1].

Results of the late phase II study confirmed the
efficacy and safety of FK 506, particularly when doses
were adjusted to maintain trough levels within 15—
20 ng/ml. The graft survival rate at week 12 was 94.2%
and 63.8% of patients remained rejection free. The mean
(£SD) FK 506 trough concentration of patients with
rejection was 12.94 7.0 ng/ml, and that of patients with
renal impairment, a primary adverse event related to
FK 506 treatment, was 18.746.3 ng/ml. Mean (+SD)
FK 506 trough levels in patients with cardiac symp-
toms, hyperglycaemia, and hyperkalaemia were 30.4+
18.1 ng/ml, 20.0+11.5ng/ml, and 19.0+11.4 ng/ml,
respectively [2].

We report here the combined results from the 2-year
follow-ups of the early and late phase II studies in kidney
transplant patients. The mean (£ SD) follow-up period
was 504 + 333 days.
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Patients and methods

Patients

Patient profiles are shown in Table 1. In total, 104 patients received
104 primary kidney transplants. Seventy of these patients received
kidneys from living-related donors, and 34 patients received kidneys
from cadaveric donors. Overall, 75 patients were male and 29 were
female; the mean (+ SD) age of study participants was 35+ 8.7 years.
Eighty-eight percent of the study population had been diagnosed
with chronic glomerulonephritis at the time of transplantation.
Patients with diabetic nephropathy were excluded from participa-
tion in the study.

Patients were to be an identical AVO match to the donor and
have a negative T-cell crossmatch test. The mean HLA mismatching
number was 2.2. The mean (4 SD) donor age was 52 +10.6 years.

Immunosuppression

The dosage regimens for FK 506 and corticosteroid are illustrated in
Fig.1. During the early phase II trial, an initial FK506 dose of
0.075 mg/kg b.i.d. (0.15 mg/kg per day) was administered intrave-
nously following revascularization of the kidney graft. A few days
later, patients received oral FK 506 at 0.15 mg/kg b.i.d. (0.30 mg/kg
per day). The daily dose of FK506 was subsequently adjusted
downwards in the event of an adverse reaction and upwards in the
event of a rejection episode. The upper limit of dosing was not to
exceed 0.25 mg/kg b.i.d.

Unlike the early phase I trial, patients in the late phase II trial
received oral doses of FK 506 at 0.15 mg/kg b.i.d. (0.30 mg/kg per
day) for 2 days before transplantation. After graft revascularization,
0.1 mg/kg per day was administered by 24-h continuous infusion for
3 days, followed by oral doses of 0.15 mg/kg b.i.d. (0.30 mg/kg per
day). Oral dosing was adjusted to maintain FK 506 whole blood
trough levels at 20 ng/ml for 10 days after transplantation and
15 ng/ml from day 11 through day 90. FK 506 dosing was adjusted to
maintain trough levels of 10ng/ml beyond 90 days post-
transplantation. ‘

Prednisolone was used concomitantly in both phase II studies.
Patients in both groups received a bolus dose of methylprednisolone
at 250 mg on day 0, followed by prednisolone doses of 50 mg/day on
days 1-6, 30 mg/day on days 7-13, 20 mg/day on days 14-20,
15 mg/day on days 21-27, and 10 mg/day on day 28 and beyond.

The first choice of therapy for acute rejection was a bolus dose of
methylprednisolone, and steroid-resistant rejection was treated
according to the protocol of each participating centre. In unavoid-
able cases of rejections or adverse reactions which could not be
successfully treated by dose adjustments of FK 506, azathioprine or
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Fig.1 The dosage regimens for FK 506 and steroid. Dose and route
of both FK 506 and steroid, and target trough level of FK 506

mizoribine could be added to augment therapy with FK 506, or
therapy could be changed from FK 506 to cyclosporine.
Whole blood measurements of FK 506

FK 506 trough concentrations were measured in whole blood by an
ELISA method.

Results
Patient and graft survival

The cumulative patient and graft survival curves obtained
from patients with grafts from living-related and ca-
daveric donors are shown in Fig. 2. Overall, patient sur-
vival was constant over time, being 97.1 % at months 3,
12 and 24. The overall graft survival rate was 96.2% at
month 3, 94.2% at month 12, and 91.7% at month 24.
There was a 100 % patient survival rate throughout the
2-year period in the living-related donor group. Graft
survival in this subset of patients was 100% at months
3 and 12, but decreased to 96.9 % by month 24. Among
cadaveric graft recipients, patient survival was 91.2% at
month 3 and then remained constant to month 24.

Table 1 Patient profiles

Living Cadaveric Total

No. of patients 70 34 104
Sex (M/F) 50/20 25/9 75/29
Age

Recipient® 33 +8.1 40 + 7.8 35 + 87

Donor* 54 +9.5 49 +121 52 +10.6
HLA mismatch no.? 214+1.11 234+ 098 22+ 1.07
Diagnosis

Chronic glomerulonephritis 61 30 91

Others 9 4 13

2 Mean +SD
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Fig. 2 The cumulative patient and
graft survival curves obtained from
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Cadaveric graft survival was 88.2% at month 3, and
82.4% at months 12 and 24.

Three cadaveric graft recipients died, each death
resulting from a rupture of a mycotic aneurysm in the
renal artery at the site of anastomosis, sepsis, and inter-
stitial pneumonitis, respectively.

FK 506 dose and trough level: prednisolone dose

Mean FK 506 doses and whole blood trough levels over 2
years post-transplantation are shown in Fig. 3. Daily oral
doses started at 0.30 mg/kg and were gradually decreased
over time. By month 10, the daily oral dose had been
reduced to one-half the initial dose, then remained .
relatively stable thereafter with values of 0.14 mg/kg at
month 24. Mean whole blood trough concentrations of
FK 506 similarly decreased over time. The mean trough
level at month 1 was 19 ng/ml and 8 ng/ml at month 24.
Some patients were successfully maintained with an
approximate trough concentration of 5 ng/ml.

The mean daily dose of prednisolone also decreased
over the course of the study from 14 mg/day at 1 month to
9 mg/day at 24 months post-transplantation.

Serum creatinine

The mean serum creatinine level remained relatively
unchanged over the 24-month period with values of
1.8 mg/dl at 6 months, 1.8 mg/dl at 12 months, and
1.9 mg/dl at 24 months (Fig. 4).
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Fig. 3 The mean FK 506 doses and whole blood trough levels over
2 years post-transplantation
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Fig.4 The mean serum creatinine levels for 24 months after
transplantation
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Rejection

Fifty-eight of 104 patients (56 %) remained rejection-free
during the study period. The remaining 46 patients (44 %)
experienced a total of 68 rejection episodes over the 2-year
post-transplantation period. Eighty-four percent of these
rejection episodes occurred within 3 months of transplant
surgery. Of these rejection episodes, 58.8% resolved
spontaneously or following methylprednisolone pulse
therapy. OKT 3 was administered in 16.2 % of the cases of
rejection, and ALG was given in another 16.2 % of cases.

Three cases of graft loss (2.9 %) occurred as a result of
rejection; in two cases rejection occurred during FK 506
treatment and in one case it occurred after the patient had
changed over to cyclosporine therapy.

Adverse experiences and complications

The incidence of adverse effects, abnormal laboratory
findings, and infections during FK 506 treatment is
shown in Table 2. The most frequent adverse reactions to
FK 506 therapy were hyperglycaemia (38 %), renal dys-
function (35 %), and hyperkalaemi (28 %). Forty-seven of
the renal dysfunction episodes occurred in 36 patients.
Upon dose reduction or discontinuation of therapy, renal
function recovered in 27 patients (75.0%), improved in
six patients (16.7 %), and was unchanged in three patients
(8.3%).

Hyperglycaemia and glycosuria occurred in 39 of the
104 patients (38%). These conditions resolved in 23
patients (59 %), improved in nine patients (23%), and
remained unchanged in seven patients (18%) upon
reduction of the FK 506 dose or discontinuation and

Table 2 The incidence of adverse effects, abnormal laboratory
findings, and infections during FK 506 treatment

Symptoms and findings No. of patients (%)

[n=104]
Hyperglycaemia 39 (37.5)
Renal dysfunction 36 (34.6)
Infection 35(33.7)
Gastric symptoms 34 (32.7)
(abdominal distention,
nausea/vomiting, etc.)
Neurological symptoms 32 (30.8)
(tremor, headache, etc.)
Hyperkalaemia 29 (27.9)
Cardiac symptoms 23 (22.1)
(chest pain, abnormal ECG, etc.)
Hyperuricaemia 19 (18.3)
Abnormal hepatic function 10 (9.6)

Table 3 Reasons for withdrawal from FK 506 treatment

Causes No. of patients
Adverse effect or infection 25
Rejection 7
Adverse effect + rejection 1
Aneurysm rupture 1
Wish of pregnancy 1
Neuralgia post-herpes infection 1
Total 36

treatment with antidiabetic agents including insulin. Five
patients are still using insulin.

Tremor occurred in 20% of the 104 patients and
headache in 11%. Most of these episodes were dose-
dependent and disappeared upon reduction of the FK 506
dose.

Cardiac symptoms, including chest pain and abnormal
ECG, occurred in 22% of the 104 patients. Cardiac
symptoms caused three of these patients (3%) to be
withdrawn from FK 506 treatment and changed to con-
ventional immunosuppressive therapy.

Thirty-five of the 104 patients (34 %) suffered from
infectious complications. Among this group, 17 patients
(49%) contracted cytomegalovirus infections. One pa-
tient died of interstitial pneumeonitis from an unknown
pathogen.

Discontinuation of FK 506 treatment

The reasons for discontinuation are listed in Table 3.
Thirty-six patients (35%) were withdrawn from FK 506
treatment. Of this group, 25 were withdrawn because of
adverse effects and/or infection, seven because c’)f rejec-
tion, and 13 because of nephrotoxicity (with or without
another factor). Twenty-three of thé 36 patients who
were withdrawn (64%) discontinued the study within
3 months of transplant surgery.

Discussion

We conducted a 2-year follow-up study to determine the
efficacy and safety of long-term FK 506 therapy in kidney
transplant patients. Based on our previous results, which
demonstrated a relationship between FK 506 dose,
trough level and safety or efficacy [1-3], we are afraid
that the FK 506 dose used in the present study might have
been higher than necessary. FK 506 trough levels in whole
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bload were adjusted approximately 20 mg/ml over the 2
weeks after transplant surgery. They were further reduced
to approximately 10 ng/ml during the 1—3 month post-
transplantation period. Since 84% of all rejection
episodes occurred within 3 months of surgery, a trough
concentration of about 5 ng/ml might be adequate to
prevent rejection from month 4 and beyond.

Because of the long time required to perform the
current ELISA method, we eagerly await the develop-
ment of a new, faster method of monitoring drug levels
which will preserve high sensitivity.

Hyperglycaemia and glucosuria occurred very fre-
quently in this study. Since the pancreas was shown to
contain a high concentration of FK 506 in experiments
with rats [4]), we are concerned that a high blood
concentration of FK 506 may cause pancreatic toxicities
that resemble those occurring with cyclosporine use.
Most of the cases of hyperglycaemia and glucosuria that
occurred in the present study, however, were dose-
dependent and were effectively managed by a reduction of
the FK 506 dose.

The pathological changes in acute nephrotoxicity
which occurred during this study resembled those seen
with cyclosporine treatment [S, 6]. These pathological
changes occurred mainly in the renal tubule, and most of
them were reversible. Although chronic nephrotoxicity
occurred in some patients undergoing FK 506 treatment,
similar to the arteriopathy associated with cyclosporine,
the relationship between the toxicity and FK 506 trough
concentration has not yet been investigated.

Abnormalities of the cardiovascular system associated
with FK 506 treatment have been reported in animals [7].
During this trial, chest pain or abnormal ECGs occurred
in some patients, but most of them were able to continue
FK 506 therapy.

The incidence of hepatic dysfunction and hyper-
lipidaemia was relatively low (10% and 4% of the 104
patients, respectively). There were no cases of hirsutism or
hyperplasia.

The results of this trial indicate that FK 506 is a
promising immunosuppressive agent for prophylaxis of
graft rejection in kidney transplant patients.
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