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BACKGROUND Siblings with identical human leukocyte
antigens (HLA) are preferred transplant donors.

OBJECTIVE To compare the outcomes in azathioprine-treated
and cyclosporine-treated recipients of renal transplants from HLA-
identical siblings.

METHODS Retrospective review.

RESULTS From August 1980 to June 1989, 53 consecutive
patients received renal transplants from HLA-identical donors.
These patients received prednisone and either azathioprine (n = 26)
or cyclosporine (n = 27). A mean of 8.4 years elapsed since trans-
plantation in the azathioprine-treated patients and 4.7 years elapsed
in the cyclosporine-treated patients. The 5-year patient and graft
survival rates were 100% and 92%, respectively, for azathioprine-
treated patients and 96% and 83%, respectively, for cyclosporine-
treated patients (P = .379 for comparison of graft survival). There
was no difference between the two groups in the number of rejec-
tions or the time to the first rejection episode. At 5 years after trans-
plantation, cyclosporine-treated patients had a significantly higher
median serum creatinine concentration (1.7 mg/dL) than did
azathioprine-treated patients (1.3 mg/dL, P = .018). Maintenance
steroid therapy was successfully withdrawn in six azathioprine-
treated patients and seven cyclosporine-treated patients.

CONCLUSIONS Azathioprine and cyclosporine produce equally
satisfactory outcomes in this immunologically favored group. The need
for continued steroid therapy in these patients requires further study.
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MATERIALS AND METHODS

From August 1980 to June 1989, 53 consecutive
patients (35 men and 18 women) received kidneys
from HLA-identical siblings at The Cleveland
Clinic Foundation. The HLA-identical status of the
donor-recipient pairs was determined by serologic
HLA typing and by direct mixed-lymphocyte culture
techniques. Matching at the D locus was confirmed
by a low stimulatory index with one- and two-way
mixed-lymphocyte culture.® Forty-six recipients were
white, four were black, and three were Asian. Their
ages ranged from 16 to 60 years (mean 33 years).

The cause of end-stage renal disease was
glomerulonephritis in 17 patients, diabetic
glomerulosclerosis in nine, pyelonephritis in six,
nephrosclerosis in four, renal hypoplasia in three,
adult polycystic kidney disease in three, lupus ne-
phritis in two, Alport’s syndrome, Goodpasture’s
syndrome, obstructive uropathy, and drug-induced
nephropathy in one each, and unknown in five.
Before transplantation, 11 patients underwent na-
tive bilateral nephrectomy and four patients under-
went splenectomy. There were 50 primary trans-
plantations and three repeat transplantations.

There were two distinct maintenance immuno-
suppressive regimens. Twenty-six patients received
azathioprine and prednisone, and 27 patients re-
ceived cyclosporine and prednisone. Azathioprine
(2 to 3 mg/kg/day) was begun 36 hours before trans-
plantation, and subsequent dosages were adjusted
according to the white blood cell count. Cyclospor-
ine (14 to 17 mg/kg/day) was begun 36 hours before
transplantation and tapered to 12 to 14 mg/kg/day at
2 weeks and 10 mg/kg/day at 4 weeks. The sub-
sequent dosage of cyclosporine was adjusted to
maintain trough whole-blood levels (determined by
high-performance liquid chromatography) from 150
to 300 ng/mL at O to 1 month, 100 to 200 ng/mL at
1 to 6 months, 50 to 150 ng/mL at 6 to 12 months,
and less than 100 ng/mL thereafter. Prednisone was
given immediately after transplantation in both
groups at a dosage of 2 mg/kg/day up to 120 mg/day
and was tapered thereafter to 30 mg/day at 1 month,
20 mg/day at 2 months, and approximately 0.1
mg/kg/day at 6 months after transplantation.

All patients received 1 g of methylprednisolone
intravenously at the time of surgery. Episodes of
rejection were diagnosed using clinical, biochemi-
cal, and radiologic data, and the majority were con-
firmed by percutaneous needle biopsy of the trans-
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TABLE 1
CHARACTERISTICS OF PATIENTS
WHO RECEIVED AZATHIOPRINE OR CYCLOSPORINE

Azathioprine  Cyclosporine

Number {n = 26) (n=27)
Men 18 17
Women 8 10
White patients 24 22
Other races 2 5
Patients older than age 50" 2 2
Primary transplantations 24 26
Repeat transplantations 2 1
Patients with diabetes 4 5
Nephrectomies

before transplantation 7 4
Splenectomies

before transplantation 2 2
Median blood transfusions

before transplantation

(interquartile range) 4(6) 2(4)1

*The average age in the azathioprine group was 32.8 years;
in the cyclosporine group, 33.7 years
1P = .01 by Wilcoxon rank-sum test

plant. Episodes of rejection were treated with
methylprednisolone (125 mg intravenously every 6
hours for 3 days), antilymphocyte globulin (10 to 20
mg/kg/day for 10 to 14 days), muromonab-CD3 (5
mg intravenously for 10 to 14 days), an increased
dosage of oral prednisone, or a combination of these
treatments. Serum creatinine concentrations were
recorded before, after, and at the peak of episodes of
rejection.

Whenever cyclosporine or azathioprine produced
a toxic reaction or when a rejection episode oc-
curred, either “crossover” or triple therapy was initi-
ated. Triple therapy consisted of maintenance immu-
nosuppression with azathioprine, cyclosporine, and
prednisone. If kidney function improved after cy-
closporine was reduced in dosage or stopped, we as-
sumed that cyclosporine had been causing the reduc-
tion in kidney function and considered this an
episode of cyclosporine-induced nephrotoxicity. An
attempt was made to discontinue maintenance pred-
nisone in all compliant patients commencing 6
months after transplantation; this was accomplished
in six azathioprine-treated patients and in seven cy-
closporine-treated patients who continued azathio-
prine or cyclosporine monotherapy thereafter.

Baseline data were similar in patients who re-
ceived azathioprine and in those who received cy-
closporine (Table 1). There were no significant dif-
ferences in age, sex, original diagnoses, race, number
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TABLE 2
MEDIAN SERUM CREATININE CONCENTRATIONS (MG/DL)
AFTER RENAL TRANSPLANTATION IN PATIENTS RECEIVING AZATHIOPRINE OR CYCLOSPORINE

Azathioprine group
Median serum

Cyclosporine group
Median serum

Years after creatinine concentration, Interquartile creatinine concentration, Interquartile
transplantation n mg/dL range n mg/dL range P value
1 26 14 03 23 1.4 0.8 .26

2 26 1.3 0.4 24 1.7 0.5 .008
3 26 1.3 0.6 21 1.6 0.6 A

4 19 13 0.6 18 1.5 04 .052
5 23 1.3 0.5 12 1.7 0.6 .018

of nephrectomies and splenectomies before trans-
plantation, and number of repeat transplantations
between the groups. However, the median number
of third-party blood transfusions before transplanta-
tion was four in azathioprine-treated patients and
two in cyclosporine-treated patients (P = .01).
Complete follow-up data were obtained for all pa-
tients in this study. The interval since transplanta-
tion ranged from 4.9 to 11.7 years (mean 8.3 years)
in azathioprine-treated patients and from 1 to 7.3
years (mean 4.7 years) in cyclosporine-treated pa-
tients.

In the analysis of results from this study, we con-
sidered allograft loss or patient death with a func-
tioning graft as allograft failure. We estimated pa-
tient and graft survival by the Kaplan-Meir method’
and used the log-rank test for group survival com-
parisons.®

RESULTS

There was no significant difference in patient or
graft survival between the two groups. Patient sur-
vival at 5 years was 100% in azathioprine-treated
patients and 96% in cyclosporine-treated patients.
One cyclosporine-treated patient died of acute car-
diopulmonary arrest following seizure activity 5
months after transplantation. She had experienced
no episodes of rejection and had a well-functioning
graft at the time of death. Graft survival at 1, 2, 3,
and 5 yeats was 100%, 100%, 100%, and 92%, re-
spectively, for azathioprine-treated patients and
92%, 88%, 88%, and 83%, respectively, for cy-
closporine-treated patients (P = .379). One or more
episodes of rejection occurred in nine azathioprine-
treated patients (35%) and in eight cyclosporine-
treated patients (30%) (P = .7). Six azathioprine-
treated patients had one episode of rejection and
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three patients had two episodes; of the cyclosporine-
treated patients, six had one episode of rejection
and two had three episodes. There was no signifi-
cant difference between the treatment groups in
either the duration between transplantation and the
first episode of rejection or in the number of patients
who experienced episodes of rejection within the
first 3 months after transplantation.

The only significant difference at baseline be-
tween the treatment groups was in the number of
third-party transfusions before transplantation. In
order to assess the effect of blood transfusions on
graft survival and on time to rejection, we used a
stratified log-rank test to compare the treatment
groups while controlling for this variable. This
analysis showed no significant difference between
treatment groups with respect to graft survival or
time to first rejection.

The median serum creatinine concentrations af-
ter transplantation are shown in Table 2. The me-
dian serum creatinine concentrations were not sig-
nificantly different between the treatment groups at
1 year. However, at 2 and 5 years, the mean serum
creatinine concentrations were significantly lower
in azathioprine-treated patients than in cyclospor-
ine-treated patients, and the difference was margin-
ally significant at 4 years.

Currently, six patients (23%) continue to take
azathioprine as monotherapy and seven (26%) take
cyclosporine as monotherapy. These patients were
completely weaned from prednisone at 6 to 47
months (mean 20.6 months) after transplantation.
Patient and allograft survival is 100% in this sub-
group of 13 patients. No episodes of rejection oc-
curred in these patients following discontinuation of
prednisone.

One patient who began with azathioprine ther-
apy crossed over to cyclosporine therapy because of
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rejection. Two patients who started with cyclospor-
ine therapy crossed over to azathioprine therapy
because of cyclosporine-induced nephrotoxicity.
Five patients receiving cyclosporine began triple
therapy because of problems with rejection or cy-
closporine-induced nephrotoxicity. All of these pa-
tients continued to maintain good allograft function
following crossover or triple therapy.

DISCUSSION

After identical twins, HLA-identical siblings rep-
resent the most immunologically favored donor-re-
cipient group for renal transplantation. Various re-
ports have documented 2-year patient and graft
survival rates ranging between 88% and 96%.2>1°
Some studies have implied a beneficial effect of cy-
closporine in these patients compared with conven-
tional immunosuppression with azathioprine." Sug-
gested advantages of cyclosporine therapy have
included better graft survival, fewer rejection epi-
sodes, fewer blood transfusions before transplanta-
tion, and, possibly, reduced need for steroids. Disad-
vantages of cyclosporine include a possible adverse
effect on long-term graft function, a higher cost, and
possible increased risks of vascular complications
and hypertension.'>"* Because of the excellent prog-
nosis of HLA-identical renal transplant recipients,
some authors have suggested that using less-intense
immunosuppressive therapy would diminish associ-
ated side effects and still maintain excellent graft
survival.#>b1416

We undertook the present study to compare the
effects of two immunosuppressive regimens
(azathioprine and prednisone, or cyclosporine and
prednisone) on outcome in HLA-identical live-do-
nor renal transplantation. There was no significant
difference in the 5-year patient or graft survival rates
between these two groups. However, the small sam-
ple size gives our study only a low power to detect
these differences. To ensure a statistical power of
80%, a sample size of 242 patients (121 patients in
each group) would be needed.

There was no difference in the number of rejec-
tions or in the time to the first rejection episode
between these groups. Patients treated with azathio-
prine had received more blood transfusions before
transplantation, but a stratified log-rank test showed
that this did not influence graft survival or time to
rejection. Patients treated with cyclosporine had
significantly higher median serum creatinine con-
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centrations at 5 years after transplantation (P =
.018) than did patients treated with azathioprine.

Our results show equivalent graft survival with
cyclosporine or azathioprine in HLA-identical re-
cipients up to 5 years after transplantation. This is
similar to the findings of Morris,”” who reported
excellent graft survival with azathioprine and pred-
nisone in HLA-identical live-donor recipients, with
most patients ultimately weaned from prednisone.”
However, Flechner'! reported that cyclosporine was
superior to azathioprine in this setting. In the latter
study, graft survival at 4.5 years after transplantation
was significantly better in patients treated with cy-
closporine (96%) than with azathioprine (79%); the
serum creatinine levels were somewhat lower in the
azathioprine group but the difference was not statis-
tically significant.

In a multicenter study from the Southeastern Or-
gan Procurement Foundation, HLA-identical live-
donor recipients who received cyclosporine had
worse renal function at 1 year after transplantation
than patients who received azathioprine; graft sur-
vival was equivalent.” Patients receiving cyclospor-
ine spent more time in the hospital and underwent
more transplant biopsies for episodes of graft dys-
function. Our patients who received cyclosporine
also had diminished renal function at 5 years after
transplantation. However, the overall mean serum
creatinine level in these patients remains satisfac-
tory, and the long-term significance of this finding is
therefore not clear.

Although steroids form an integral part of most
immunosuppressive protocols, they cause serious
side effects, eg, progressive atherosclerotic vascular
disease, hypertension, hyperlipidemia, hyperglyce-
mia, infection, avascular necrosis of bone, and cush-
ingoid appearance. Several authors have suggested
that steroids may be safely withdrawn in HLA-iden-
tical living-related transplant recipients. In a series
of 49 HLA-identical recipients, MacDonald* de-
scribed 12 patients receiving cyclosporine mono-
therapy who had 3-year patient and allograft sur-
vival rates of 100% and 96%, respectively. In a series
of 66 HLA-identical recipients, Hariharan® de-
scribed 39 patients undergoing azathioprine mono-
therapy. Nine of these patients had to resume pred-
nisone for a variety of reasons. In the remaining
patients, prednisone was withdrawn with no rejec-
tion episodes or graft losses. In our series, six HLA-
identical recipients received maintenance therapy
with azathioprine alone, and seven recipients re-
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ceived maintenance therapy with cyclosporine
alone; there were no episodes of rejection or graft
losses in these patients. Evidently, both azathioprine
and cyclosporine monotherapy can confer adequate
immunosuppression for at least some HLA-identical
allograft recipients.

In summary, we have reviewed the long-term out-
come of renal transplantation in 53 HLA-identical
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