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ORIGINAL ARTICLE

Prognostic factors of long-term allograft
survival in 632 CyA-treated recipients of
a primary renal transplant

Abstract A total of 632 cyclosporin
(CyA)-treated primary renal allo-
graft recipients with a functioning
graft at 6 months were retrospec-
tively evaluated for risk factors cor-
related with long-term allograft
function. Mean follow-up after the
6th month was 68.4 + 40.6 months.
One hundred twenty-one of these
patients (19 %) were lost: 29 died
(23/29 with a functioning graft), 77
of the remaining 92 (83 %) lost their
graft because of chronic allograft
dysfunction, 9 due to recurrence of
glomerulonephritis, 5 due to renal
artery thrombosis, and 1 due to
chronic CyA toxicity. At univariate
analysis, factors correlated with a
better renal (R) and pure renal (PR)
allograft survival were: dialysis
duration of less than 5 years, fewer
than 2 rejections within the 6th post-
Tx month, immediate graft function
recovery, plasma creatinine below
1.5 mg/dl at the 6th month, age at Tx
above 15 years, and receiving a liv-
ing donor graft. Cox’s regression
analysis was also performed to ob-
tain relative risks for the same pa-
rameters. Long-term dialysis pa-

introduction

The introduction of cyclosporin (CyA) has improved
short-term renal allograft survival compared to immu-
nosuppression with azathioprine (Aza) and prednisone
[3,7,32,36,40,41], but whether CyA also offers an advan-
tage over Aza in the long-term is still controversial.

tients had more frequent late recov-
eries (P = 0.002) and reductions in
therapy (P = 0.01) in order to reduce
the side effects of steroids. In young
patients receiving an initial oral
CyA dose of 17 mg/kg per day, ster-
oids were stopped at the 6th month
in order to achieve catch-up growth:
only one such patient lost his graft.
In contrast, 72 % of the young pa-
tients who lost their grafts received
an initial oral CyA dosage of 13 mg/
kg per day. Thus, young patients did
worse not because of steroid with-
drawal, but because of inadequate
initial CyA dosage. These results
suggest that although we cannot ex-
clude alloantigen-independent me-
chanisms as factors that stimulate
progression of chronic allograft dys-
function, it would appear that the
initial lesions are induced by events
mostly mediated by immunological
mechanisms.
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Some investigators have reported a similar graft half-

life among patients treated with CyA or Aza

[5,10,19,21,31,38]; The loss of advantage in the long-
term may be either attributed to the renal toxicity of
CyA, which can lead to progressive deterioration of
graft function, or to the possibility that alloantigen-inde-
pendent factors also contribute to the induction of
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chronic lesions, which can compromise long-term graft
survival [1,8,25,37]. However, Opelz [24] retrospectively
reviewed the outcome of thousands of patients recorded
in the Collaborative Transplant Study and showed that
S-year graft survival was significantly better in patients
given CyA than in those given Aza. Randomized trials
have also confirmed the long-term superiority of CyA
regimens. In a prospective, controlled trial [28], we
showed that 10-year graft survival was 56 % among
CyA-treated versus 35% among Aza-treated renal
transplant recipients, a significant difference. The half-
life of grafts functioning after 1 year was 15.4 £ 3.9 years
in the CyA group versus 10.6 + 3.6 years in the Aza
group. Similarly, Isoniemi et al. [12] reported that pa-
tients assigned to CyA treatment had better graft survi-
val than patients given Aza treatment. Other studies
have shown that even for grafts with chronic dysfunc-
tion, CyA provides superior renal protection than Aza
at 5 years [20] and at 8 years [45]. If such is indeed, the
case, the protective effect of CyA could be related to
its superior immunosuppressive activity, indicating that
immunological factors are those most responsible for
late graft dysfunction.

In order to exclude all potentially confounding ef-
fects of acute events on long-term outcome, we evalu-
ated the prognostic value of some immunological and
some nonimmunological parameters on the long-term
outcome of the graft in our CyA-treated primary renal
transplant recipients, excluding all failures (death or
graft loss) occurring within the first 6 months.

Patients and methods

The subjects of this study were all primary renal transplant recipi-
ents treated with CyA since it was first introduced into our Unit
in March 1983 and with a functioning kidney at 6 months. The 6th
post-transplant month was considered as time zero, and the fol-
low-up was calculated starting from this point. A total of 632 pa-
tients were included in the study, 523 of whom received a cadaveric
kidney and 109 a kidney from a living related donor.

Therapeutic regimens
Cyclosporin monotherapy (M; n = 127)

CyA was perfused intravenously at a dose of 5 mg/kg over a period
of at least 6 h, before transplantation (Tx) and for the first 4 post-
Tx days. Then, the drug was given orally in a single morning dose
of 15 mg/kg per day, progressively tapered by 2 mg/kg per day to a
maintenance dose of 5 mg/kg per day within the 4th post-Tx
month.

Double drug regimen (D; n = 216)

CyA was given at a starting dose of 5 mg/kg per day intravenously,
followed by 13 mg/kg per day orally starting on the 5th post-Tx
day. CyA was then reduced every 2-4 weeks to a mean mainte-

nance dose of 5 mg/kg per day. Oral methylprednisolone was given
in a single morning dose of 16 mg until the end of the 3rd month, at
a dose of 12 mg daily until the end of the 6th month, and at a main-
tenance dose of 8 mg daily thereafter.

Triple drug regimen (T n = 264)

CyA was administered intravenously at the same starting dose as in
the double drug regimen, followed by an oral dose of 10 mg/kg per
day starting on the 5th post-Tx day. The dosage was progressively
reduced by 2 mg/kg per day every 2-4 weeks to a maintenance
dose of 2-3 mg/kg per day; oral methylprednisolone was given at
the same dosage as in the double drug regimen, and azathioprine
was given at a fixed dose of 1 mg/kg per day.

Pediatric schedule (P; n = 25)

This regimen was used in 20 of 49 patients below 15 years of age
and in 5 additional patients with ages ranging from 16 to 21 years.
CyA was given intravenously at the same starting dose as in the
double drug regimen for the first 3 post-Tx days; starting on the
4th day it was given orally at a dose of 17 mg/kg per day, and it
was tapered every 2 weeks by 2 mg/kg per day to a maintenance
dose of 10 mg/kg per day. Oral methylprednisolone was given at a
single morning dose of 12 mg until the end of the Ist post-Tx
month, then progressively tapered by 2 mg/day every month until
complete withdrawal by the end of the 6th post-Tx month.

In all patients the CyA dosage was adjusted to keep whole
blood trough levels under 800 ng/ml as measured by polyclonal
RIA, or 350 ng/ml as measured by a fluorescence polarized immu-
noassay (FPIA) with a monoclonal antibody.

A core graft biopsy was taken from 172 patients after the 6th
post-transplant month either because of a worsening of renal func-
tion or because of the onset of proteinuria higher than 1 g/24 h.

Delayed graft function recovery was defined either as the need
for dialysis after transplantation or as persistently high plasma
creatinine levels for at least 7 days, even with a prompt recovery
of diuresis.

Statistical analysis

Living and cadaver kidney recipient groups were compared by
means of the Mann-Whitney nonparametric test for continuous
variables and the chi-square test for qualitative ones. The variables
taken into account in order to evaluate their impact on the long-
term outcome of the graft were: sex and age of donor, sex of recipi-
ent, age of recipient at transplantation (up to 15 vs 16-45
vs > 45 years), time spent on dialysis ( <60 vs > 60 months), type
of dialysis [hemodialysis (HD) vs chronic ambulatory peritoneal
dialysis (CAPD)], number of pretransplant blood transfusions (0
vs >0), number of mismatches for the HLA-A, B, and genomic
DR antigens (0 vs 1-2), maximum percentage of historical panel
reactive antibodies (PRA; 0 vs any positivity), source of donor kid-
ney (cadaver vs living), time of graft function recovery, therapeutic
schedule (M vs D vs T) according to the “intention to treat” princi-
ple, number of acute rejections (0-1 vs>1) within the first
6 months, modification of the originally scheduled therapy (no var-
iation vs any modification of immunosuppression) within the first
6 months, and plasma creatinine at the 6th month ( < 1.5 mg/dl
or < 133 pmol/l vs > 1.5 mg/dl). HLA-A B, and DR mismatches
were evaluated only in those 200 patients (176 recipients of cada-
ver kidneys and 24 of living related kidneys) for whom a genomic
DR determination was available.
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Table 1 Characteristics of patients at transplantation (MP methylprednisolone, PRA panel reactive antibodies, CD cadaveric donors,

LRD living related donors)

All patients CD P LRD
Number of patients (M/F) 632 (395/237) 523 109
Age (mean £ SD) 348+ 125 358+12 < 0.0012 297114
Months on dialysis (mean + SD) 37.5+372 38.8+36.3 < 0.001% 31.1+£40.9
Mean number of rejection episodes (<< 6th month) 0.75£0.83 0.73+£0.84 NS§® 0.83 +0.78
Number of MP pulses (within the 6th month) 251+2.77 25+28 NS? 25+24
Follow-up after the 6th month (mean + SD) 68.4+40.6 71.1+41.4 <0.001* 552+334
Maximum historical PRA (absent vs present) 100532 90/433 =0.03 10/99
Mismatches for the HLA locus (176 CD, 24 LRD)
HLA-A(Ovs = 1) - 63/113 NSP 6/18
HLA-B (0vs = 1) - 36/140 NSP 6/18
HLA-DR (genomic; 0 vs = 1) - 20/156 NSP 519

* Mann-Whitney U-test
® Chi-square test

Table 2 Causes of graft failure after the 6th post-transplant month

Total number of failures

121/632 (19.1 %)

Death uncensored

Death censored Causes of death

Deaths 29/121 (24 %)
Chronic graft dysfunction® 77/92 (83 %)

Recurrence of original glomerulonephritis 9/92 (9.7 %)
Vascular thrombosis 5/92 (5.4 %)

CyA toxicity 1/92 (1 %)

23/121 (19 %) Cardiovascular 9
77/98 (78 %) Infectious 8
9/98 (9.1 %) Hepatic failure 7
5/98 (5.1 %) Neoplastic 4
1/98 (1 %) Car accident 1

2 In one case associated with recurrence of original glomerulonephritis

A univariate analysis was first carried out comparing the Ka-
plan and Meier survival curves by means of the generalized Wil-
coxon test [14] in order to evaluate the influence of the aforemen-
tioned parameters on both graft and pure graft (death with a func-
tioning kidney censored) survival. Owing to the scant number of
patients with this end point, the univariate analysis of the risk fac-
tors for death is reported for descriptive purposes only. Cox’s re-
gression analysis was then carried out for both graft and pure graft
survival. Goodness of fit of Cox’s model was assessed by stratified
analysis [13].Graft and pure graft half-lives and asymptotic stan-
dard errors were calculated according to the formula reported by
Cho and Terasaki [6].

Results

The characteristics of patients at transplantation are re-
ported in Table 1; the reported follow-up starts at the
6th post-Tx month. Living related kidney recipients
were younger, had spent less time on dialysis, had fewer
preformed PRA antibodies, and had been followed for
a shorter time than cadaveric kidney recipients. At the
6th post-Tx month, the mean CyA dosage was
303.2 +77.6 mg/day in M patients, 317.8 £ 91 mg/day in
D patients, 207.4 £ 7 in T patients, and 301.9 + 128.9 in
P patients. T patients received a significantly lower
mean CyA dosage at the 6th month (T vs all other regi-

mens: P < 0.001), while no statistically significant differ-
ence was observed among the other regimens.

Failures observed during the follow-up and causes of
death are reported in Table 2. Graft failure due to
chronic graft dysfunction was, by large, the major cause
of graft loss. Death was the second cause of graft failure:
23 of the 29 deaths observed occurred in patients with a
functioning kidney. Cardiovascular disease and infec-
tions accounted for most of the deaths in the present ser-
ies. In nine patients, graft failure was caused by recur-
rence of glomerulonephritis: four were focal segmental
glomeruloscleroses, three were IgA nephritides, and
two were membranous nephropathies. Vascular throm-
boses were associated with either a more generalized
atherosclerotic vascular pathology in patients with long-
standing hypertensive arteriopathy (n = 2) or with com-
plications associated with graft biopsy in hypertensive
patients treated with converting enzyme inhibitors
(n = 3). Only one patient out of ten with a biopsy-pro-
ven CyA-associated arteriolopathy lost his graft due to
chronic CyA toxicity.

Univariate analysis showed that a dialysis duration of
more than 5 years, age at transplantation younger than
15 years, multiple rejection episodes within the 6th
post-transplant month, delayed graft function, recovery
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Table 3 Univariate analysis

Survival rates Graft Pure graft Patient
(Breslow test) P P P
Cadaveric vs living donor =0.049 NS NS
Months on dialysis

(<60 vs > 60) <0.001 = 0.006 <0.001
Age at Tx

(< 15 vs 1645 vs > 45) =0.009 <0.001 NS
Rejection episodes

(0-1vs 2-4) < 0.001 <0.001 NS
Graft function recovery

(0vs>7 days) =0.001 =0.001 NS
Plasma creatinine < 1.5 vs

> 1.5 mg/dl at the 6th month <0.001 <0.001 NS

Table 4 Factors associated with dialysis duration
<60 > 60
33.4+12.8 404197

Student’s z-test

<0.001
Chi-square test

Months on dialysis
Age (mean + SD)

Therapy modifications

(no vs yes) 243/266 43/80 =0.01
(yes over total) 52% 65 %

Graft function recovery
(0 vs > 7 days) 453/56 97126 =0.002
(late over total —) 11 % 21%

Rejection episodes
(0-1vs2-4) 425/84 97/26 NS
(>1 over total) 16.5% 21%

and plasma creatinine higher than 1.5 mg/dl at the 6th
month were significantly associated with lower graft
and pure graft survival (Table 3, Figs.1,2). Of all the
parameters taken into account, a dialysis duration of
more than 5 years was the only predictor of worse pa-
tient survival as well; however, one must bear in mind
that the number of deaths observed in the present series
was too small to reach statistical relevance and that P
values are reported for descriptive purposes only.

In order to better elucidate the reasons for worse
graft survival in patients with a long dialysis duration,
we analyzed these patients further (Table4). While
they did not have more rejections than patients with a
shorter dialysis duration, they were older, their graft
function recovery was more frequently delayed, and
they were more frequently shifted from their original
therapeutic schedule. Moreover, in our Unit, a scoring
system for allocation of grafts is used that favors small
age differences between the donor and the recipient,
and indeed, older patients received kidneys from older
donors (chi-square: P = 0.000).

Age below 15 years at transplantation was a signifi-
cant negative predictor of graft survival as compared to
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Fig.2 Pure graft survival (0-1 rejection vs > 1 rejection). * Patients
at risk

the other two age groups, and its influence on pure graft
survival was even higher, suggesting that associated im-
munological factors might account for this. Some 41 %
(20/49) of these patients had been asked to follow a pe-
diatric schedule in which steroids were withdrawn at
the 6th month; only one of these patients lost his graft
due to chronic rejection. On the other hand, 13 of the
18 graft failures due to chronic rejection occurred in
younger patients receiving a double therapy regimen
with lower starting doses of CyA. Finally, patients with
prompt recovery of graft function fared significantly
better than patients with delayed recovery of graft func-
tion, the latter having a significantly higher number of
rejection episodes within the 6th post-Tx month
(P = 0.006).

Living related graft recipients had only a borderline
advantage over cadaveric graft recipients in terms of
graft survival. This advantage was lost when pure graft
survival was taken into account, suggesting that these
patients fared better in the long run, probably because
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Table 5 Cox’s regression analysis

Variable Graft survival Pure graft survival
RR P 95 % CI RR P 95% CI

Age at Tx (< 15 vs < 45) 2.81 <0.01 1.487-5.307 423 <0.01 2.108-8.515
Age at Tx (16-45 vs > 45) 0.92 0.057 0.670-1.083 0.99 NS 0.571-1.746
Rejection episodes (0-1 vs 2-4) 2.06 <0.01 1.347-3.155 1.96 <0.01 1.226-3.151
Months on dialysis (< 60 vs > 60) 2.10 <0.01 1.402-3.164 1.96 <0.01 1.226-3.146
Recovery of graft function (0 vs > 7 days) 1.57 =0.055 - 1.66 <0.05 1.024-2.713
Plasma creatinine < 1.5 vs > 1.5 mg/dl (at the 6th month)  1.72 <0.01 1.163-2.550 1.93 <0.01 1.224-3.039

of a reduced incidence of deaths rather than of a re-
duced incidence of rejections.

At Cox’s regression analysis, recipient gender was no
longer significant. The relative risks (RR) of the remain-
ing covariates for graft and pure graft survival are
reported in Table 5.

Considering only patients with a functioning kidney
at 1 year, graft half-life was 19.99 years (SE 22.47), while
pure graft half-life was 24.77 years (SE 30.99).

Of the 172 patients who had a graft biopsy taken
after the 6th month, 15 developed CyA toxicity; only
one lost his kidney in the long term due to a CyA-rela-
ted arteriolopathy. In nine patients, graft biopsy showed
a late acute rejection, and in three a recurrence of their
original glomerulonephritis. Most patients who had a
graft biopsy showed either clear signs of chronic rejec-
tion (76/172, 44 %) or aspecific findings, such as focal in-
terstitial fibrosis, mesangial sclerosis, and focal segmen-
tal sclerosis (69/172, 40 %).

Discussion

This retrospective analysis was based on a selected ser-
ies of primary renal transplant recipients with grafts
functioning at 6 months. Some 20% of failures were
the result of patient death, most of which occurred in
patients with a functioning graft. There is no general
consensus on whether death in transplant recipients
should or should not be considered a cause of graft fail-
ure [18] since death may not be caused by direct immu-
nological events but rather may be related to side effects
of immunosuppression. Inclusion or exclusion of death
with a functioning kidney in the survival analysis may
lead to different results. Indeed, a significant increase
in graft half-life was observed by Matas et al. [16] when
death with a functioning graft was censored, especially
in high-risk patients such as diabetics and patients aged
over 50, indicating that, in such cases, death may be con-
sidered an important nonimmunological cause of graft
loss. We therefore evaluated both graft survival and
pure graft survival, in which death with a functioning
graft was censored. In the present selected series, the

graft half-life was about 20 years and the pure graft
half-life about 25 years, much better than that reported
by multicenter analyses [10,24,38] but similar to that
found in a previous prospective trial in primary renal
transplant recipients performed in our Unit [28] and to
that of a retrospective analysis by the Leuven Colla-
borative Group for Transplantation [45].

In many of the patients whose grafts failed and from
whom a biopsy was taken, chronic rejection was diag-
nosed. However, although the Banff classification [35]
attempts to define the histological features of chronic
rejection, it is often difficult to discriminate lesions
caused by immunological attack from those induced by
either reduced nephron mass or ischemia. Indeed, in
40 % of our biopsies, histology was not clear. Because
of this lack of clarity in the histological criteria that de-
fine chronic rejection, we decided, in this series, to ana-
lyze the factors that were correlated with the long-term
survival of the graft, independently of histological para-
meters.

At multivariate analysis, the occurrence of more than
one acute rejection within the first 6 post-transplant
months was a strong predictor of late graft failure, in
terms of both graft and pure graft survival. These data
confirm the important role [15,17,44] of early immuno-
logical events on the induction of lesions eventually
leading to a late poor outcome of the graft. Another in-
dependent factor associated with late graft failure was
a plasma creatinine higher than 1.5 mg/dl at the 6th
post-transplant month. These data are in agreement
with findings from a previous study in our CyA-treated
patients with stable renal function at 1 year [20]. Since
the criterion for patient selection in this series was the
presence of a graft functioning at 6 months and not
stable function, the present data further confirm the im-
portant role of a low plasma creatinine value in the early
post-transplant period as a positive predictor of long-
term survival.

As pointed out by previous studies [27,31] and con-
firmed in this series, young recipient age was the most
significant parameter correlated with long-term graft
failure. We discontinued steroids in some of our chil-
dren in order to obtain catch-up growth [9] and one
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might question whether this therapeutic strategy may
have altered the long-term results. In fact, although we
had a high frequency of late acute rejections in these
young patients, the withdrawal of steroids did not ac-
count for a worse outcome in younger patients. In fact,
only one of the children who stopped methylpredniso-
lone lost his graft. In contrast, 72 % of the children who
lost their grafts were maintained on steroids but re-
ceived an initial oral CyA dosage of 13 mg/kg per day,
while only one child who started with 17 mg/kg per day
experienced graft failure. Due to the reported inade-
quate CyA absorption in children [46], it is possible
that an inappropriate initial CyA dosage might have
had more of an impact on long-term graft survival than
late steroid withdrawal. The unfavorable impact of
young age on pure graft survival RR (4.23) compared
to uncensored graft survival RR (2.81) confirms the no-
tion that factors related to therapeutic manipulation
strongly influence long-term results. Moreover, the fact
that recipient age above 45 years was not a negative
prognostic factor with respect to pure graft survival con-
firms the belief that older age per se is not a cause of im-
munological graft failure [27]. Given our scoring system,
which allocates kidneys from older donors to older reci-
pients, this reduces the role of age-induced reduction of
nephron mass and/or the presence of unsuspected vas-
cular disease in the graft of the donor in the progression
of chronic graft dysfunction. It has been reported that
male recipients of female donor organs have a worse
outcome in the long run [1,10,11,23,37]. This may be at-
tributed to a mass discrepancy with an insufficient num-
ber of nephrons for the male recipient. However, in this
series, in which early graft losses were excluded, the
gender of the donor was not related to graft outcome,
since male recipients of female donor organs were not
at a higher risk of losing their graft. At odds with some
authors [10,29,47] but in agreement with others [27,30],
donor age did not correlate with long-term graft survival
in our series.

Living related renal transplants are usually consid-
ered to have a better outcome than cadaveric renal
transplants although, in a recent analysis, Terasaki et al.
[39] found only a marginal benefit of parental trans-
plants when compared to cadaveric grafts. In our series,
most of the living donors were parents; only a few were
not. At univariate analysis, we found that receiving a
graft from a living donor gave an advantage over receiv-
ing a cadaveric transplant. This advantage was lost, how-
ever, when pure graft survival was taken into account,
suggesting that these patients probably did better in the
long run because of less frequent deaths rather than be-
cause of fewer rejections. Moreover, at multivariate
analysis, this factor was not an independent covariate.
Reasons for this are most likely the small number of liv-
ing donor transplants and the fact that several living do-
nor kidney recipients were young patients.

In most studies, delayed graft function has also been
found to have a negative impact on graft survival
[22,26]. In the present series, we confirmed the negative
predictive value of delayed graft function on late pure
graft survival, although the significance for graft survival
was only of borderline statistical value. Patients with de-
layed graft function also had significantly more rejec-
tions within the first 6 months, and this may have reduced
the relative impact of delayed graft function per se on
graft outcome. Early injury secondary to prolonged
ischemia and reperfusion may be a factor in the progres-
sion of chronic allograft dysfunction independent of im-
mune mechanisms. However, in a recent multivariate
analysis in primary cadaveric renal transplants with a
plasma creatinine below or equal to 2.0 mg/dl at 1 year,
actuarial graft survival was significantly worse in patients
with both delayed graft function and rejection than in
those with delayed graft function but no rejection [42].
It is well known that ischemia may increase the expres-
sion of histocompatibility antigens on the endothelial
surface [34], thus favoring the onset of rejection, but one
should also bear in mind that delayed graft function may
cither mask an ongoing rejection, so delaying its treat-
ment [2], or be the consequence rather than the cause of
rejection. Accordingly, recipients with high levels of pre-
formed cytotoxic antibodies have been reported to have
a higher incidence of early nonfunction [4,33].

Another independent predictor of poor allograft sur-
vival in the long run was a dialysis duration of more than
5 years. To the best of our knowledge, this is the first
time that a relationship between prolonged dialysis and
poor long-term graft survival has been found. Further
analysis of patients with more than 5 years of dialysis
showed that they were significantly older, that they had
received kidneys from older donors, that they more fre-
quently had delayed graft function, and that they were
more frequently shifted from their originally scheduled
treatment. It is, therefore, possible that some or all of
these factors played a role in both delayed recovery
and long-term survival. Some of these data are appar-
ently in disagreement with the favorable outcome of
older patients, as reported above. However, one should
take into account that many older patients with a long
dialysis become frail, and this often leads the clinician
to reduce immunosuppressive drugs, particularly in pa-
tients who have dialysis- or age-related complications
such as bone disease, hypertension, cardiovascular dis-
ease, diabetes, etc. These data advise caution against ex-
cessive reductions in therapy, even in older patients, un-
less there are serious reasons for doing this.

In conclusion, in this series, most of the factors corre-
lated with a poor long-term graft outcome were related
to immunological events occurring within the 6th post-
transplant month. The negative impact of young age at
transplantation also seems to be correlated with inade-
quate initial immunosuppression. The unfavorable ef-
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fect of a long time spent on dialysis is influenced, at least
in part, by reductions in immunosuppressive therapy. It
has been suggested that early stages of chronic rejection
are alloantigen-dependent and reversible, whereas the
later changes (presumably alloantigen-independent)
are progressive and irreversible [43]. The negative roles
of rejection, therapy modification, and delayed graft
function associated with rejection suggest that, although

alloantigen-independent mechanisms cannot be ruled
out as adjunctive factors in the progression of graft dys-
function, the initial lesions are most likely induced by
events mediated in large part by immunological me-
chanisms. Moreover, the superior graft half-life of our
CyA-treated patients as compared to Aza-treated ones
[28] suggests that these immunological mechanisms
may be persistently operative.
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