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ORIGINAL ARTICLE

Pretransplant and early posttransplant
predictors of chronic allograft nephropathy
in cadaveric kidney allograft—a single-center

analysis of 1112 cases

Abstract This retrospective series
reviews risk factors for chronic
allograft nephropathy (CAN) based
on the 10-year experience of a single
institution. One thousand one hun-
dred and twelve primary cadaveric
renal transplant recipients whose
graft survived for more than

6 months were followed for a mean
of 4.6 years. The data were analyzed
using the multivariate Cox propor-
tional hazards model. CAN was de-
fined as an irreversible rise of serum
creatinine (SCr) by 30% in the ab-
sence of other causes and occurred
in 42% of the patients. The risk of
CAN was significantly increased in

rejections. Recipients of organs from
donors that were older than 50 years
and from such who died secondary
to cerebrovascular accident were at
increased risk of incurring CAN.
Early markers of progression to
CAN found at 6 months after
transplantation included SCr levels
of greater than 1.8 mg/ml, protein-
uria, hypoalbuminemia, and hyper-
tension. In conclusion, immune and
non-immune factors affect progres-
sion to CAN in renal allograft
recipients.

Keywords Chronic allograft
nephropathy - Transplantation
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Introduction

The development of new treatment modalities and better
patient selection have remarkably improved early results
in kidney transplantation, but showed little impact on
late graft loss, which has remained nearly the same for
the last 20 years [1]. Chronic allograft nephropathy
(CAN) has become the most common cause of late graft
dysfunction (LGD) and, eventually, renal allograft loss
beyond the first year after transplantation. Despite sig-
nificant improvements in patient care and the intro-
duction of new, more potent immunosuppressive drugs,
the incidence of CAN has remained unchanged.

CAN results from a combination of chronic immu-
nological process induced by histoincompatibility
and superimposed non-antigenic mechanisms, such as
drug toxicity, donation-induced damage, metabolic

patients who experienced late

disturbances, and hemodynamic injury [2, 3]. The insult
to the transplanted organ facilitates the action of cyto-
kines, growth substances, and enzymes, which promote
proliferative and remodeling processes leading to scar-
ring of the kidney allograft and, ultimately, to end-stage
allograft failure [4, 5]. A typical histopathological
manifestation of CAN, such as tubular atrophy, inter-
stitial fibrosis, and arterial intimal thickening, may
develop in various states of disease and probably
represents a common tissue response to injury caused by
many factors. Hence, the term chronic allograft
nephropathy (CAN) was introduced to replace the
previously used term chronic rejection [3].

The issue of CAN has many clinical implications, and
multiple clinical studies have sought potential risk fac-
tors for CAN[1, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19]. However, in most of them immunological and
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non-immunological factors, which are mutually related
and dependent, were analyzed separately. Our retro-
spective study includes a multivariate analysis of time to
onset of first symptoms of CAN, comparing the relative
importance of immunological and non-immunological
factors in a group of recipients of primary cadaveric
renal transplants over 10 years in a single center.

Patients and methods

Patient population

This retrospective analysis included 1112 of 1508 consecutive adult
recipients of primary cadaveric renal allografts between January
1987 and January 1997 at the Warsaw Transplant Center whose
allograft survived for at least 6 months. Patients who died (n=29)
or returned to hemodialysis (n=172) before the sixth month after
transplantation were excluded from analysis. Patients that received
combined pancreatic-renal transplants who were followed after
surgery by other centers as well as those with incomplete records
for more than 6 months following surgery or such who were lost to
follow-up were excluded from the study (n=195). All patients were
followed until death, return to dialysis, or July 1, 1998.

Patient characteristics

All 1112 primary kidney allograft recipients were Caucasian, pre-
dominantly male (59%), and were a mean 37.9 £ 10.6 years of age.
The cause of end-stage renal disease included chronic glomerulo-
nephritis (69%), chronic pyelonephritis (8%), polycystic kidney
disease (6%), diabetes (5%), and reflux nephropathy (1.5%). The
mean time on dialysis prior to transplantation was 2.04 + 1.7 years
(range: 0-15.1 years). The kidneys were obtained from cadaveric
donors, 72% of which were male, with a mean age of
35.9+12.6 years and with traumatic brain death (60.1%) prevail-
ing over cerebrovascular deaths (31.9%) and other causes (7.85%).
The mean total ischemia time was 26.0%9 h. The peak value for
panel-reactive antibodies (PRA) was greater than 20% for 294
patients (26.7%); however, immediately before transplantation
only 7% of the recipients showed a PRA value of greater than
20%. The mean degree of HLA mismatches was 1.26 :0.6 for the
HLA-A locus, 1.20£0.6 for the HLA-B locus, and 1.31+0.6 for
the HLA-DR locus. Pretransplant chronic anemia was treated with
recombinant human erythropoietin (tHu-EPO) in 24% of the pa-
tients, 66% were continued on blood transfusion therapy until
transplantation, and 10% did not require therapy. Delayed graft
function was observed in 36.2% of the recipients.

Immunosuppressive regimens

A total of 771 patients transplanted after 1992 received a triple
immunosuppressive regimen comprising cyclosporine (CyA), aza-
thioprine {Aza), and prednisone (Pred), with the exception of 174
patients with pretransplant leukopenia and/or increased amino-
transferase activity who were given the combination of Pred + CyA
only. One hundred sixty-seven patients transplanted prior to 1992,
when CyA was not widely available in our country, received the
combination of Pred+ Aza. CyA was given at an initial dose of
8 mg/kg per day, which was adjusted to maintain a whole blood
trough level between 150 and 250 ng/ml (Imx, Abbott). Pred was
given in tapering doses of 1-2 mg/kg per day immediately after the
operation to 0.5 mg/kg per day at 3 months. Aza was given at an

initial dose of 3 mg/kg per day and maintained at a dose of 1.0-
1.5 mg/kg per day, adjusted to white blood cell and platelet counts.
In addition, 70 high-risk recipients (i.e., diabetic nephropathy as
primary cause of end-stage renal disease, sensitized with
PRA >50%, recipient age over 55 years) received i.v. OKT3 or
antithymocyte globulin (ATG) for 7-14 days after transplantation.
Treatment of acute rejection consisted of high-dose methylpred-
nisolone (1000 mg daily bolus iv. for 3-4 days). The non-
responders were given Minnesota antilymphocyte globulin (ALG)
or ATG (Upjohn) (10-15 mg/kg per day 1.v. for 10-14 days) or
OKT3 (5-10 mg/day i.v. for 10 days).

Clinical data

The following recipient pretransplant variables were analyzed: age,
gender, major cause of end-stage renal disease, bilateral nephrec-
tomy, duration of hemodialysis prior to transplantation, number of
blood transfusions and administration of rHu-EPO, and PRA
(peak reactivity and at the time of transplantation). Donor factors
included: age, gender, cause of death, degree of HLA-A, -B, and
-DR mismatches, and duration of ischemia time. The following
variables were monitored at 3 and 6 months after transplantation:
blood pressure, serum creatinine (SCr) and albumin concentration,
and 24-h urine protein excretion. Delayed graft function (DGF)
was defined as the need for hemodialysis within the first week
following transplantation. The diagnosis of acute rejection was
based on clinical symptoms and/or verified by biopsy according to
the standard histological criteria [20].

Late graft dysfunction (LGD)

Late graft dysfunction was defined as a gradual and irreversible rise
in SCr concentration. SCr measurements were obtained within the
first week after transplantation, at 3 and 6 months, and then
annually at years 1-9. The year at which the SCr level irreversibly
increased by 30% from the base level found at 3 months after
transplantation was used as end-point for survival analysis. Irre-
versibility was determined if the rise in SCr was maintained for at
least 1 year. If the rise in SCr to above 30% of the baseline was
noted in the last year of the follow-up and it was not certain
whether the increase was temporary, then the record was censored
at the previous observation year for statistical purposes.

Chronic allograft nephropathy (CAN)

A subgroup of patients with LGD related to CAN was identified.
Renal graft biopsies were performed in 52% (n=555) of the pa-
tients with worsening renal function. In these patients the presence
of CAN was defined histologically based on standard criteria [5],
and they were assigned to either the CAN group or censored from
the study if other causes of LGD were present (i.e., recurrence of
disease, late acute rejection, etc.). The remaining patients with
LGD who declined or who were not offered biopsy or for whom a
representative specimen could not be obtained were evaluated
clinically using laboratory findings and radiological/ultrasound
assessment. Patients with evidence of other causes of LGD (i.e.,
renal artery stenosis, etc.) were censored from the study.

Since CyA nephrotoxicity is difficult to distinguish from CAN
clinically and histologically, patients with suspected irreversible
CyA nephrotoxicity were included in the CAN group. Patients with
suspected temporary CyA nephrotoxicity, defined by a temporary
increase in SCr without histological evidence of rejection and/or
return of SCr to previous levels upon CyA dose reduction, were
censored from the study.
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Statistical analysis

Differences between groups were examined using Student’s r-test,
y-test, and the log-rank method for comparing Kaplan-Meier
actuarial survival plots [20]. The risk factors for development of
CAN were examined by means of univariate and muitivariate Cox’
proportional hazards model [21]. The covariates, which correlated
with end-points on univariate analysis (P <0.15), were entered into
the multivariate Cox’ analysis model. Results were considered sig-
nificant for P values below 0.05. Values are reported as mean +
SD. The clinical information was analyzed using SAS statistical
software, version 7.0 (SAS Institute).

Results
Patient and graft survival

The overall 1-, 5-, and 10-year graft survival at our
center was 86.1%, 63.7%, and 50% (n=1508). Among
the selected group of 1112 patients whose graft survived
for 6 months, the respective graft survival rates were
97.3%, 72.4%, and 55%, with a mean follow-up of
4.56 + 2.5 years (range: 0.5-10 years). Beyond 6 months
after transplantation, 291 (26%) of these patients

returned to dialysis and 80 (7%) died with a functioning
graft.

The incidence of CAN and its influence
on patient survival

AN was diagnosed clinically in 467 patients (42%), of
whom half (n = 233) had a biopsy performed that revealed
histological evidence of CAN. The median time to the first
clinical symptoms of CAN was 2.67 years. As shown in
Fig. 1, the development of CAN correlated with de-
creased recipient survival after transplantation. Among
patients whose graft survived for 6 months, the 5-year
recipient survival was 89% in the CAN group and 94% for
those who did not develop CAN (log-rank test, P=0.005).

Acute rejection increases the risk of CAN
Episodes of acute rejection constitute the strongest

independent risk factor for accelerated progression to
CAN (Table 1). Sixty-two percent of the patients (686/

Fig. 1 Progression to chronic 10001
allograft nephropathy (CAN) m
correlates with decreased reci- o T ey 0 0000
pient survival after kidney -
transplantation (log-rank test, L ID_D_D_D—D-—E}
P=0.005) 80+ -
P (log-rank) = 0.005
60T
& L
2 i
I
5 L
m 3
X 40t % SURVIVAL
i No CAN CAN
1 year 99.53 % 98.05 %
204t 2 years 98.00% 95.21%
L 5 years 93.80% 89.52%
- (NHE-E  Controls (n=645)| 10vears 90.22% 80.32%
| |3BE  CAN (n=467)
1 2 3 4 5 6 7 8 9 10

Years posttransplantation

Table 1 Relationship between
early and late recurrent

episodes of acute rejection and
progression to chronic allograft
nephropathy (RR risk ratio, CI
confidence interval)

Acute rejection episodes RR CI P-value
No rejection 1 - -
Before 3 months after transplantation only 1.14 0.865-1.510 0.35
After 3 months after transplantation only 3.10 2.368-4.072 <0.001
Before and after 3 months after transplantation 3.60 2.814-4.607 <0.001
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1112) experienced at least one episode of acute rejection.
Over half of the rejectors (53%) eventually developed
CAN, in contrast to only 25% of those who did not
reject (P <0.001). Late rejections indicate a more than
three times higher risk of CAN than rejections occurring
within the first 3 months after transplantation, as illus-
trated in Fig. 2. Recurrent episodes in both the early and
late postoperative period correlate with CAN; however,
repetitive rejections beyond the third month after
transplantation markedly increased the risk of CAN by
the factor of 2.6, 3.3, and 5.5, respectively, for one, two,
and more than two rejections (Table 2).

The influence of immunosuppressive regimen on CAN

In the studied population, initial immunosuppression
consisted of a triple-drug (Pred + CyA+Aza, n=771,
69%) or double-drug regimen (Pred+Aza, n=167,
15%; and Pred + CyA, n=174, 16%). Within 6 months

Fig. 2 Late episodes of acute »u-u
rejection increase the risk of VEVEY)
progression to chronic allograft PP
nephropathy (CAN) in contrast b

to early episodes of acute rejec-
tion

% free of CAN

after transplantation, 18% (212/1112) of the recipients
required modification of the initial therapy. Ultimately,
at 6 months after transplantation, 778 (70%) recipients
were placed on triple-drug maintenance therapy, 93
(8%) were treated with Pred+ Aza, and 241 (22%)
received Pred + CyA only.

According to the results of multivariate analysis,
neither the initial immunosuppressive protocol nor the
three basic regimens maintained continuously for 3 and
6 months after transplantation were shown to be inde-
pendent risk factors for CAN. In univariate analysis
only, CyA-based therapy (Pred+ Aza+ CyA and Pre-
d + CyA) maintained for at least 3 months after trans-
plantation delayed the onset of CAN and was superior
to Aza-based protocols (RR=1.35, P=0.04), as shown
in Fig. 3. Furthermore, in patients who received a CyA-
based regimen for the first 3 months after transplanta-
tion, the cumulative rejection frequency within that
period declined to 0.63, in comparison to 0.94 in the Aza
group (P <0.001).

No acute rejection (n=423)

Acute rejections before the 3rd posttransplant month only (n=297)
Acute rejections after the 3rd posttransplant month only (n=159)

Acute rejections before and after the 3rd posttransplant month (n=230)

P (log-rank) < 0.001

Years posttransplantation

Table 2 Relationship between

number of acute rejection No. of acute Bfefore 3 mc;nths P-value Af{ter 3 mor;ths g P-value

episodes and progression to rejf:ction after transplantation, after transplantation,

cﬁronic allogrglft z(;’wphropathy episodes RR (CI) RR (CD)

(RR risk ratio, CI confidence

interval) 0 1 - 1 -
1 1.18 (0.96-1.45) 0.12 2.56 (2.04-3.23) <0.001
2 1.68 (1.28-2.19) <0.001 3.29 (2.56-4.28) <0.001
>2 1.75 (1.16-2.65) 0.008 5.50 (4.13-7.33) <0.001
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Fig. 3 Cyclosporine-based 100
immunosuppressive regimens % FREE OF CAN
(prednisone [Pred] + azathio- Cya+Aza+Pred
prine [Aza] + cyclosporine CyatPred  Aza+Pred
[CyA] and prednisone + cyclo- -
sporine) maintained for at least 80 1 year 95.24 % 87.36 %
3 months after transplantation - 2 years 84.39 % 78.16 %
are superior to azathioprine- Syears  60.28 % 4818 %
based protocols in preventing - ' ’
the development of chronic - 10years  41.93% 30.38 %
allograft nephropathy (CAN) 601
(log-rank test, P=0.058) -
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O3H8 Pred+Aza (n=87)
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Years posttransplantation

Table 3 Comparison of dosage of immunosuppressive drugs in the population of 684 patients who received prednisone + cyclosporine
+ azathioprine maintenance therapy for at least 6 months after transplantation (CAN chronic allograft nephropathy)

Time after Prednisone Azathioprine Cyclosporine
transplantation (mg/day, mean + SD) (mg/day, mean -+ SD) (mg/day, mean + SD)

No CAN CAN P No CAN CAN P No CAN CAN P

(n=418) (n=266) (n=418) (n=266) (n=418) (n=266)
0 31.5+6.6 31.5+7.2 - 133+ 64 141 £47 - 372+ 109 355+94 *
3 months 16.4+5.5 17.3£5.7 * 95+34 99 +45 - 245+ 74 23372 *
6 months 13.1£4.6 13.9+438 * 97 +35 100 £ 40 - 224 + 64 215+61 *
12 months 11.6+5.2 13.04£5.2 *k 92 +38 95+42 - 206 £ 65 191 +£65 *k
*P<0.05, *P <0.001
Table 4 Relationship between -
median doses of cyclosporine Months after Median CyA Frequency P-value
(CyA) and frequency of acute transplantation dose (mg/day) of rejections
rejection episodes in the popu-
lation of 684 patients who 0-3 <250 0.67 -
received prednisone + cyclo- >250 0.57 0.05
sporine + azathioprine main- 36 <200 0.13 -
tenance therapy for at least >200 0.09 0.06
6 months after transplantation ~ 6-12 <200 022 -

> 200 0.15 0.02

In order to further investigate the potential effects
of CyA-based therapy, a group of 684 patients was
identified that had been consistently treated with the
triple-drug protocol for at least 6 months after trans-
plantation. The mean dosage of Pred, Aza, and CyA
was defined at 0, 3, 6, and 12 months after transplan-
tation, and the mean values were compared between
the groups that developed CAN. The results shown in

Table 3 indicate that recipients who were at risk of
CAN received lower doses of CyA (P<0.001) and
higher doses of Pred (P=0.04) throughout the first
year after transplantation. Lower median doses of CyA
at 3, 6, and 12 months after transplantation also
correlated with higher frequency of acute rejection
episodes experienced in the respective time periods
(Table 4).
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Pretransplant risk factors for CAN

The following pretransplant risk factors were found to
be significant by multivariate analysis using the Cox
proportional hazards model for time to CAN: recipient
age greater than 50.1 years (RR=0.598, P=0.009),
treatment of chronic anemia with rHu-EPO (RR =0.57,
P=0.001), donor age greater than 50.1 years
(RR=1.69, P<0.001), and donor death due to cere-
brovascular accident (RR=1.37, P=0.05) (Table 5).
Pretransplant factors that were not found to be sig-
nificant included etiology of end-stage renal disease
(glomerulonephritis, diabetes mellitus, polycystic kid-
ney disease), bilateral nephrectomy, years of hemodi-
alysis prior to transplantation, number of blood
transfusions, DGF, and total ischemia time greater
than 24 h. Among the immunological risk factors,
neither a peak PRA value of more than 20% nor a
complete mismatch at the HLA-A, -B, and -DR loci
were independent risk factors for CAN. In univariate
analysis only higher degrees of mismatch in the HLA-

A, -B, and -DR loci were associated with an increased
risk of CAN (three mismatches: RR=14, P=0.11;
four mismatches: RR=1.64, P=0.01; five mismatches:
RR=1.66, P=0.02; and complete mismatch:
RR=1.93, P=0.02).

Ischemia time

As mentioned previously, total ischemia time, which
mainly comprises cold ischemia time, did not influence
the risk of CAN in the studied population. In order to
investigate whether warm ischemia time had any impact
on the development of CAN, an analysis of actuarial
survival was performed in the group of 745 patients with
available data. As shown in Fig. 4, the harvesting of
kidneys from heart-beating donors protects against
CAN (log-rank test, P=0.001). No correlation was
found between CAN and cold ischemia time (CIT) of
greater than 24 h or warm anastomosis time (WIT2) of
greater than 30 min.

Table 5 Multivariate analysis
of pretransplant risk factors

for progression to chronic

allograft nephropathy (RR risk
ratio, CI confidence interval,
rHu-EPQ recombinant human
erythropoietin)

RR CI P
Recipient age >50.1 years 0.598 0.406-0.883 0.009
Pretransplant administration of rHu-EPO 0.575 0.410-0.806 0.001
Donor age >50.1 years 1.695 1.279-2.247 <0.001
Donor death: cerebrovascular accident vs trauma 1.376 0.995-1.903 0.053

Fig. 4 Harvesting of kidneys
from heart-beating donors
(warm ischemia time [WIT]=0)
protects against chronic
allograft nephropathy (CAN)
(log-rank test, =10.001)

80T

60

% free of CAN
D
<

EHEl  Heart-beating donor (n=142)
E8H8  Non-heart-beating donor (n=603)

P (log-rank) < 0.001

% FREE OF CAN

WIT=0 WIT1>0
20_: 1 year 97.18% 9353 %
i 2 years 91.74% 81.15%
5 years 7224%  56.31%
10 years 56.19%  36.68%

1 2 3 4 5 6 7 8 9 10

Years posttransplantation
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Table 6 Univariate analysis of

early posttransplant predictors Posttransplant marker (%) 3 months after P-value (%) 6 months after P-value

of chronic allograft nephropa- transplantation, transplantation,

thy (n=1112) (RR risk ratio, CI RR (CD) RR (CD)

confidence interval)
Serum creatinine (mg/dl)
<12 29 - 28 1 -
1.2-1.8 49 1.45 (1.15-1.82)  0.002 46 1.45 (1.13-1.87) 0.004
>1.8 22 2.23 (1.72-2.90)  <0.001 26 3.36 (2.60-4.35) <0.001
Proteinuria 34 1.03 (0.77-1.37)  0.84 29 1.54 (1.15-2.08) 0.004
Hypoalbuminemia 13 1.30 (0.94-1.81) 0.1 9 1.43 (0.96-2.14) 0.08
Hypertension 59 0.98 (0.82-1.19)  0.89 39 1.18 (0.977-1.43)  0.08

Early posttransplant markers of CAN

We next sought to investigate the prognostic value of
early postoperative markers of CAN, such as SCr level,
proteinuria (urinary protein >0.5 g/day), hypoalbu-
minemia (serum albumin concentration <3.5 g/dl), and
hypertension requiring therapy with at least two anti-
hypertensive agents. Univariate analysis of these
parameters at 3 and 6 months after transplantation was
performed (Table 6). Three months after transplanta-
tion, only the SCr concentration was predictive of CAN,
with levels of 1.2-1.8 mg/dl indicating a 1.45-fold higher
risk of CAN and levels exceeding 1.8 mg/dl indicating
a 2.2-fold higher risk (P=0.009 and P<0.001, respec-
tively). At 6 months after transplantation, all of the
above factors were predictive of CAN: SCr levels of
1.2-1.8 mg/dl (RR=1.45, P=0.004) and over 1.8 mg/dl
(RR=3.36, P<0.001), proteinuria (RR=1.54, P=0.004),
hypoalbuminemia (RR=1.43, P=0.08), and hyperten-
sion (RR=1.18, P=0.08). Hypoalbuminemia was
present in 13% of the renal transplant recipients at
6 months after transplantation, and serum albumin
levels inversely correlated with the amount of urinary
protein excretion (correlation coefficient —-0.18,
P <0.001). Fifty percent of the patients with hypoalbu-
minemia had proteinuria, as opposed to 26% of the
patients with normal albumin levels (£=0.03).

Discussion

Of 1112 renal allograft recipients studied in the present
series whose graft survived for at least. 6 months after
transplantation, 42% developed clinical symptoms of
CAN within a median time of 2.7 years after surgery.
The study used standard criteria for the clinical diag-
nosis of late graft dysfunction, as assessed by an irre-
versible increase in SCr concentration in relation to the
SCr level at 3 months after transplantation [1]. The
definitive diagnosis of CAN was based on typical his-
topathological findings, including tubular atrophy,
interstitial fibrosis, and fibrous intimal thickening,
and graded according to the Banff classification [5].
Histological evaluation was available for 52% of the
studied population. In the remaining patients, clinical

symptoms, laboratory findings, and radiological/ultra-
sound assessment were used to identify other causes of
late graft dysfunction.

The process of CAN inevitably leads to graft loss [6],
but the rate of progression to complete graft insuffi-
ciency varies with the individual. In order to assess the
dynamics of progression to CAN, the primary end-point
in our statistical analysis was the time to onset of CAN
symptoms.

The most consistently cited immunological predictor
of CAN and late renal allograft loss is the history of
acute rejection episodes. A single episode of acute
rejection occurring early after transplantation either
does not affect progression to CAN [11] or increases the
risk only slightly [12]; however, repeated, late, or vas-
cular rejection episodes signify the greatest risk of ad-
verse outcomes [7, 8, 9, 10, 13]. This was confirmed in
our series, where a single episode of early acute rejection
did not affect progression to CAN, in contrast to a three
times higher risk for even one rejection episode occur-
ring beyond the third month after transplantation
(Fig. 1). Similarly, recurrent episodes in the early post-
operative period contributed only modestly to CAN
(RR=1.7), while recurrent rejections beyond the third
month after transplantation indicated a significant risk
of CAN, namely 2.6, 3.3, and 5.5 for one, two, and more
than two rejections, respectively (Table 2).

Although acute rejection constitutes a predictor of
CAN, the attempt to reduce recipient alloreactivity by
means of efficient immunosuppression, better donor/re-
cipient HLA matching [13, 14], and lower sensitization
with anti-HLA antibodies prior to transplantation [12]
has not been found to be an important determinant of
CAN. In our study, the degree of HLA-A, -B, and -DR
mismatch and a pretransplant PRA value of greater
than 20% did not contribute to accelerated CAN. It is
possible that the lack of association between pretrans-
plant sensitization with anti-HLA antibodies and
progression to CAN may result from an immunomod-
ulatory effect of mono- or polyclonal antilymphocyte
serum induction administered in some of the high-risk
patients (PRA > 50%).

Minimizing the risk of acute rejection remains an
important approach to prevent CAN. However, the
triple immunosupressive regimen containing CyA that
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was shown to effectively reduce acute rejection particu-
larly within the first months after surgery was para-
doxically not reported to affect the progression of CAN
[12, 15]. Analogously, our study revealed that the initial
protocols with Pred + Aza increased the risk of CAN
only modestly (1.3-fold), as compared to CyA-contain-
ing regimens (Pred + Aza+ CyA and Pred+ CyA), and
the results were confined to univariate analysis only.

Nevertheless, the importance of achieving and
maintaining sufficient and consistent levels of immuno-
suppression cannot be discounted in preventing CAN.
Previous investigations have shown that higher CyA or
tacrolimus levels may protect against immune injury
and, thereby, CAN [16, 17, 18]. In our study of a selected
group of 684 patients treated consistently with CyA for
at least 6 months after surgery, the recipients of higher
doses of CyA experienced a lower frequency of acute
rejection both in the early (<3 months) and late (3—
12 months) period after transplantation. Moreover,
treatment with higher doses of CyA in the early post-
transplant period was characteristic of patients who did
not develop clinical symptoms of CAN. Conversely,
patients treated with initially lower doses of CyA were at
increased risk of acute rejection and CAN. Also, the
latter group was noted to have received higher average
doses of steroids, likely reflecting the adjustment of
steroid therapy required to treat more frequent rejec-
tions in this group. It is possible that higher doses of
steroids might later contribute to metabolic complica-
tions in these patients and independently affect the
progression of CAN.

Although higher doses of CyA seem beneficial, sev-
eral studies on administration versus withdrawal of
calcineurin inhibitors point to a tenuous balance be-
tween the adequate and toxic effects of these drugs [19,
22]. CyA and tacrolimus toxicity, particularly in the
early posttransplant period, was reported to increase the
risk of CAN [17, 18]. In addition, poor patient compli-
ance with the immunosuppressive medication may play
an important role in the development of CAN; however,
our data were insufficient to allow meaningful conclu-
sions.

The lack of association with immune factors tradi-
tionally known to predispose to acute rejection and the
minimal role of CyA-based immunosuppressive regi-
mens indicate that other nonimmunological processes
may be involved in the progression to CAN. There are
two major categories of donor antigen-independent
factors: pretransplant factors that affect initial renal
function (e.g., donor/recipient age, pretransplant
hypertension or vascular disease, brain death, ischemia
and reperfusion, donor/recipient size mismatch) and
such occurring after transplantation (e.g., hypertension,
lipid disorders, drug toxicity, and recurrent disease).

The negative influence of nonimmune parameters on
graft function concentrates on either reduction of

number of nephrons or direct injury to the tissue [23].
Certain donor variables may all influence the initial
number of nephrons in a donor kidney and participate
in the development of CAN, such as older donor age [24,
25], hypertension {26, 27], and disproportion between
metabolic demands of the recipient and physiological
capabilities of the donor kidney [26, 27]. In our study,
organs obtained from donors that were older than
50 years were at a 1.7-fold higher risk of incurring CAN.

In cadaveric organ recipients, injuries contracted
during the transplantation process seem to be the major
factor affecting transplant outcome adversely. This is
evidenced by inferior survival rates of cadaveric kidneys
as compared to organs from living donors [28]. The
biological consequences of brain death and their impact
on the transplant organ are profound and not well
understood. During brain death a variety of inflamma-
tory mediators and acute phase proteins [29] are re-
leased, which may affect the transplanted organ.
Increased sympathetic system activity and production of
catecholamines may even contribute to local hypoper-
fusion of the organ in an otherwise normotensive envi-
ronment [30, 31, 32]. The cause of death appears
relevant in that organs from donors who died of cere-
brovascular accident [33] develop CAN sooner than
such from donors who died of trauma. In our series,
donor death due to cerebrovascular accident increased
the risk of CAN 1.4-fold.

Ischemia/reperfusion injury during the procurement
of cadaveric kidneys is a serious factor implicated not
only to increase the incidence of DGF or primary non-
function [34, 35], but also to affect long-term outcome of
the transplant [36]. Ischemia was demonstrated to
stimulate rapid infiltration of the host leukocyte popu-
lation with up-regulation of inflammatory mediators [37]
and MHC class II expression resulting in increased
immunogenicity of the organ [38, 39]. In rat models,
brain death and reperfusion injury was associated with
more rapid rejections and accelerated CAN [39, 40, 41].
In the current series, prolonged cold ischemia time did
not correlate with CAN; however, harvesting kidneys
from non-heart-beating donors substantially accelerated
progression to CAN (Fig. 4).

Among the nonimmune pretransplant recipient fac-
tors, such as recipient demographics, etiology of end-
stage renal disease, years of hemodialysis prior to
transplantation, and pretransplant blood transfusions,
only recipient age of more than 50 years and adminis-
tration of rHu-EPO were found to correlate with CAN.
Reports on the association between older recipient age
and CAN are inconsistent [42, 43]. In our study older
recipient age appeared to be protective against CAN.
This may be explained by the naturally occurring
senescence of T-cell function with secondarily reduced
alloreactivity, as reported in heart and renal transplant
recipients [43, 44], but is more likely the effect of
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administration of monoclonal anti-T-cell antibodies to
all recipients older than 50 years, who constituted a
high-risk group of patients. Pretransplant hypertension,
a commonly cited recipient pretransplant risk factor for
progression to CAN, was not found to be a significant
predictor of CAN.

In our study, pretransplant treatment of chronic
anemia with rHu-EPO significantly detained the pro-
gression of CAN. This is consistent with the previous
study by Vella et al. that investigated the long-term ef-
fects of pretransplant rHu-EPO, in which the projected
half-life of renal allografts that survived for 1 year in-
creased from 14.8 years in controls to 19.8 years in rHu-
EPO-treated patients [45]. There are several reports that
de novo therapy with rHu-EPO or conversion from
blood transfusion to rHu-EPO therapy decreases the
risk of allostimulation with repeated transfusions and
reduces the degree of allosensitization in patients
undergoing transplantation [45, 46, 47]. Several other
immunomodulatory properties have been postulated to
reduce host alloreactivity in rHu-EPO-treated patients,
such as direct suppression of T- and B-cell clonal pro-
liferation [47, 48, 49, 50, 51, 52] and induction of anti-
idiotypic anti-HLA antibodies [53]. However, it has not
been determined whether these properties of rtHu-EPO
can affect the propensity to develop CAN. In our study,
due to the shortage in rHu-EPO availability in the
1980 s, only 24% of the patients requiring treatment of
chronic anemia were switched from blood transfusion
therapy to rHu-EPO. Although the selection of patients
who received rHu-EPO was conducted randomly, it may
have been biased and, as in all retrospective analyses,
these results must be interpreted with caution.

Among early posttransplant antigen-independent
factors, delayed allograft function immediately after
transplantation was demonstrated to be associated with
poorer graft survival [54]. In our series delayed graft
function, formerly defined as the need for dialysis after

transplantation, did not correlate with progression to
CAN. However, the level of SCr as early as 3 and
6 months after transplantation, at which time graft
function is thought to be stable, was a sensitive marker
of long-term deterioration of renal allograft function.
The cut-off value for SCr concentration of greater than
1.2 mg/dl was found to correlate with progression to
CAN.

Hypertension, proteinuria, hypoalbuminemia, and
hyperlipidemia are the most often cited posttransplant
metabolic factors associated with poor graft survival
[55]. In our study hypertension, proteinuria, and hypo-
albuminemia as early as 6 months after transplantation
increased the relative risk of CAN (Fig. 4). The meta-
bolic risk factors may reflect both the cause and the
consequences of progressive CAN. For instance, risk
factors of CAN such as proteinuria and hypoalbumin-
emia most likely reflect nephrosis in patients with CAN.
Unwanted side effects of immunosuppression may aiso
cause metabolic complications, accelerate the progres-
sion of CAN, and increase patient mortality from car-
diovascular disease [56, 57]. In our study, patients with
CAN exhibited inferior long-term survival, indicating
that the metabolic risk factors associated with CAN may
contribute to an increased risk of cardiovascular com-
plications in these patients. This study contains limita-
tions associated with a retrospectively performed study
and should therefore be interpreted with caution.

In conclusion, (i) progression to CAN depends on the
combination of host alloreactivity and donor antigen-
independent factors, of which many depend on donor/
recipient selection, (ii) the new immunosuppressive
agents such as CyA fail to alter progression to CAN
despite reducing the rate of acute rejection, and (i)
certain metabolic parameters estimated as early as 3 and
6 months after transplantation accelerate the develop-
ment of CAN and may affect patient survival.
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