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Abstract:

Chronic Allograft Nephropathy (CAN) is one of the most commen cause of kidney transplant loss. CAN may be caused by immunologic as well
as nonimmunologic factors which may interfere and increase response. lmmunologic factors include acute rejection, degree of HLA mismatch,
inadequate immunosuppression. Nonimmunologic factors contain delayed graft function, ischemia - reperiusion injury, nephrotoxicity of
calcineurin inhibitors, hyperfiltration, hypertension and hyperlipidemia. The histopatological description of CAN may indicate two phases of injury:
An initial phase by one year include tubulointerstitial infilcration in the late phase of CAN artericlar hyalinosis and glomerdosclerosis were
revealed. Modification of the immunesuppressive treatment with reduction or withdrawal of caleineurin inhibitors may prevent graft loss, while
addition of nonnephrotoxic agents such as mycophenolate mofetil or sirolimus should be considered by the risk of acute rejection. Additionally

effective management by hypertension and hyperlipidernia is essential.
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Introduction

Chronic Allograft Nephropathy (CAN) is the term to
the progressive loss of allograft function that occurs
months or years after transplantation. CAN is liable
for 27% to 40 % of all graft failures between 1 and
3 years after renal transplantation [1]. CAN is more
useful term than the often used ,chronic rejection”
which concerns only immunologic response. CAN is
caused not only by immunclogic but also
nonimmunologic factors related to the kidney donor
and recipient. Alloantigen-dependent mechanisms
include HLA matching, subclinical and acute rejection
by inadequate immunosupresion. On the other hand
there are alloantigen-independent processes (donor
brain death, delayed graft function-DGE, recipient and
donor characteristics, ischemia reperfusion injury,
drug-induced nephrotoxicity, hypertension,
hyperlipidemia, bacterial and virus infections) which
have been shown to influence deterioration of graft
function. Some of these processes induced the
unmune system stimulating production of cytokines
and growth factors. Clinjcal manifestations present
deterioration in kidney function (evidenced slow,
progressive increase in serum creatinine and decline in
GFR), proteinuria (usually 1-2 g/day), and arterial
hypertention. Renal histopathological changes include
interstitial fibrosis and tubular atrophy, accompanied
by glomerulosclerosis, often with concentric ntimal
thickening of arteries and arterioles [2].

Significance of chronic allograft nephropathy

in kidney transplantation

CAN, besides death of the recipient with functioning
graft, is the most common cause of kidney transplant
loss. Krieger et al. respectively examined 2,140
transplants [3]. In the analysis there were 522 graft
losses. Biopsy-proven CAN defined by the Banff
criteria [2] along with the clinical features was the

primary endpoint. Patients and graft survival were the
secondary endpoints. The incidence of graft loss
because of CAN was 32% and death with functioning
graft concerned 34% of patients. In another study
Matas et al. reported that CAN was liable for grafi loss
before 1 year in 12% of patients between 5 and 10 years
in 35% and at 10 years in 33% [4]. Transplant function
within the first year of transplantation has been noticed
as an important factor of graft survival [5-9].

Hariharan et al. showed the influence of posi-
transplant renal function on long-term transplant
survival [10]. In this study 105,742 renal transplani
were included. Patienis were divided in six group
according to their one year postiransplant serum
creatinine. The Kaplan-Meier method was used to
estimate long-term graft survival. This study
demonstrated that one year creatinine value is a strong
predictor of transplant survival. Creatinine over 1.5
mg/dl one year after transplantation and A creatinine
2z 0,3 mg/dl were associated with a deterioration in
long-term renal graft survival. A decline in graft half-
hife was connected with progressive increases in one
year creatinine levels. For instance projected median
graft half-hfe for cadaveric kidney in years according
to 1 year post-transplant creatinine value: with
creatinine <1.0mg/dl 1s 14.0years; between 1.1 and
1.5 mg/dl — 13.2 years; over 1.6 to 2.0mg/d] - 9.4years.

CAN is a factor which increases the probability of
graft loss. In death-censored graft survival studies
CAN is the first cause of late graft deterioration and
failure. A total of 50% of recipients with CAN lose
graft function within 5 years of transplantation. The
recipienis who return to dialysis beyond 2 years
(50-80%) are touched by CAN.
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Chronic allograft nephropathy — multifactor
pathogenesis, histological injuries
CAN is caused by immunologic and nonimmunologic
factors. Immunologic factors include acute rejection,
depree of HLA mismatch, inadequate immunosup-
pression. Nonimmunologic factors contain delayed
graft function, ischemia - reperfusion injury,
nephrotoxicity of calcineurin inhibitors (CNI),
hyperfiltration, hypertension and hyperlipidemia.
These two mechanisms of activity can interfere and
increase response what deteriorates graft failure.
Nankivell et al. presented the landmark prospective
study which included 961 kidney allograft biopses
performed in 120 recipients with type 1 diabetes
(taken from time of grafting to 10 years thereafter)
[11]. This first longitudinal description of CAN
indicated two distinctive phases of injury. An initial
phase predicted mild disease by year one and was
present in 94.2% of recipients. The injuries were
described as tubuloinferstitial damage from ischemic
injury, severe rejection and subchinical rejection. The
late phase of CAN (beyond one year) revealed
atferiolar  hyvalinosis, glomerulosclerosis  and
additional tubulcinterstitial damage. Calcineurin-
inhibitor nephrotoxicity was almost general in
transplants at 10 years. There is the paradox that
a renal transplant which is protected from
immunologic injury by calcineurin inhibitors is
damaged as a result of nephrotoxicity caused by these
same drugs. This renal transplant histology analysis
suggests that CNI minimization and withdrawal
protocols are a way to impraving transplant outcomes.
In the authors centre the impact of ischemia-
reperfusion injury and acute rejection on the long-
term renal transplant function was analysed. The total
of 248 kidney transplant recipients were included.
Independent risk factors for the increase serum
creatinine above 1.5 mg/dl after the first post
transplantation year (multivariate logistic regression
analysis) were the occurrence of delayed graft function
(OR 2.9) and the appearance of acute rejection (OR
2.5). If the DGF is not connected with acute rejection
the effect is impermanent. However, after 24 months
the independent predictor of impaired renal
transplant function was exclusively the appearance of
acute rejection (OR 2.2). The high-producing TGF-B1
genotype of the recipients correlated with the delayed
graft function occurrence and with the acute rejection
appearance.

Nonimmune determinants of the recipient and
kidney allograft survival

The approach to hypertension, hyperlipidemnia,
proteinuria, new onset diabetes and anemra should be
in the renal transplant recipients treated equally
meticulous as in the patients with native kidney
disease.

In the largest trial of fluvastatin (Assessment of
Lescol in Renal Transplantation -ALERT) performed
in transplant recipients (2,102 pts included) the effect
of cholestero] reduction was investigated. Although
there was a 35% reduction in cardiac deaths and

nonfatal myocardial infarction, fluvastatin did not
reduce rates of coronary intervention procedures or
maortality. Fluvastatio treatment also had no effect on
graft loss or doubling of serum creatinine [12].

The recent anaiysis of ALERT trial study has shown
that serum creatinine, proteinuria, and puise pressure
at baseline (mean time since last transplantation 5.5
years) were independent risk factors renal endpoints
[13]. Diabetes mellitus, smoking, and signs of LVH
were also independent risk factors if patient death was
included in the composite endpoints. The use of
renoprotective regimens (ACE inhibitor or AIIRA
received 50% of patients), effective treatment of
hypertension, reduction of proteinuna, and cessation
of smoking should form a key treatment approach for
improving cardiac and renal outcomes.

Immunological monitoring — way to
individualization of immunosuppressive regimen
There are promissing assays which may guide to the
implementation of calcineurin inhibitors withdrawal
or minimization protocols:

* Measuring  T-cell  alloreactivity:  mixed
lymphocyte reaction (MLRY); cell-mediated lymphocy-
totoxicity (CML); limiting dilution assay, cytokine
analyses (ELISA, ELISPOT, flow cytometry)

* Humoral jmmune response: alloantibody
monitoring

* Profiling of immune cells: lymphocyte activation
markers by flow cytometry blood, urine, graft
infiltrating cells.

* Profiling circulating DC subsets

* Immune gene polymorphisms

The ELISPOT assay for leukocytes producing
interferon-gamma in responsc to stimulator cells from
donor independently predicts renal function in kidney
transplant recipients [14]. Patients with low mean
frequencies of interferon-producing cells in the early
post-transplant period (< 10 per 300 000 PBLs)
exhubited excellent renal function at 6 and 12 months
after the transplantation. Increased levels of interferon-
gamma may be used as a substitute for CAN.

The combined analysis of alloimmunity (JFN-y
ELISPOT assay, new anti-HLA antibodies) were
performed by Poggio et al. in transplant recipients
[15]. A total of 12 (60%) of 20 of those with abnormal
renal function were observed, but only 4 (16%) of 25
control subjects with good graft function. No
alloimmune response were detected in 84% of control
subjects with good graft function, 40% of patients with
abnormal renal function, and 22% of those with biopsy
confirmed CAN.

Evaluation of immune reactivity in renal
transplant recipients

Patients without detectable peripheral immune
reactivity but with slowly deteriorating renal function
and minimal inflammation in an allograft biopsy, may
be the best candidates for calcineurin inhibitor
withdrawal. In contrast, recipients with persistently
detectable immune reactivity, worsening renal
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function may benefit from intensification of

immunosuppressive therapy.

Strategies to prevent chronic allograft
nephropathy
There may be different ways for the improvement of
renal function after transplantation. Immune
strategies to combat CAN progression include:

* Calcineurin minimization or withdrawal in
conjunction with mycophenolate mofetil

* Calcineurin minimization or withdrawal in
conjunction with sirolimus

* New emerging option: everolimus in combination
with reduced dose calcineurin inhibitors.

Additionally treatment of acute rejection,
management of DGF or better control of hypertension
and hyperlipidemia shouid be appropriately managed.

Calcineurin-inhibitor reduction with or without MMF
treatment

An important role in long term graft survival is the
tacrolimus and  cyclosporine  nephrotoxicity.
Individualization of calcineurin inhibitors treatment is
a way to improve graft function. On the other side
calcineurin-inhibitor avoidance even with antibody
induction, mycophenolate mofetil (MMF), and
corticosteroids can not appropriately prevent acute
rejection. Protocols containing either daclizumab or
rabbit antithymocyte globulin with mycophenoclate
mofetil and corticosteroids were associated with a high
incidence of acute rejection (24 to 53%) and should be
avoided even in low-immunologic risk patients.

Protocols including sirolimus, mycophenolate mofetil
and corticosteroids with antibody induction
(basiliximab) were related with the lower incidence of
antibody rejection (AR) in the sirolimus-MMF group
(6%) than the cyclosporine-MMFE group (17%).
Sirohmus treated patients had significantly higher
calculated GFR but they also exhibited higher inciden-
ces of hyperlipidemia and bone marrow toxicities.

The reduction of cyclosporine with the addition of
azathioprine (AZA) or MMF has effected in better
graft function in patients with CAN [16-19]

The usefulness of MMF as replacement for CsA in
patients with chronic allograft nephropathy was shown
in Dudley et al. study [20].

CsA-treated patients with progressive chronic
allograft nephropathy (n = 122) were randomized to
have either CsA discontinued with the concomittant
addition of MMF or to continue treatment with CsA.
Response was defined as the stabilization or reduction
of serum creatipine over the 6-month period. The
response rate was: 60% in MMF group vs. 26% in CsA
group (p<0.0008). Patients in MMF group also
experienced a significant decrease in total cholesterol.
This analysis has demonstrated that complete
withdrawal of CsA with addition of MMF followed by
results in a significant improvement in renal function
without the risk of acute rejection.

Late calcineurin inhibitor withdrawal in patients
with CAN has been shown as a (reatment strategy to
minimize possibility of graft failure [21]. Weir et al. in
their study of 105 renal graft recipients with impaired
renal function reduced or discontinued in these
patients the dose of CsA, or tacrolimus (TAC) with
either the addition of, or continuation of MME The
results presented 24 graft failures in the reduced CsA
group, 9 graft failures in the reduced TAC group, and
1 graft lost in the calcineurin inhibitor withdrawal
group.

The Afzali et al. analysis of 89 patients with CAN,
who received MMF with starting dose 500-1.000
mg/day (increased by 50% over next few weeks) and
a phased reduction in calcineurin inhibitors (CNI) (to
achieve CsA levels of 25-50 ng/ml, or TAC levels of
approximately 5) by 3 months after starting MMF
showed that low-dose MMF was well tolerated and
resulted in prolonged graft survival [22).

Sirelimus in the management of CAN

Conversion to sirolimus (SRL) with sharp withdrawal
of calcineurin inhibitor was evaluated among patien(s
with progressive chronic renal allograft dystunction.
SRL target trough level was 8-10 ng/ml. Response ta
conversion included amelioration of kidney
dysfunction in 36% of patients and stabilization in
21%, whereas 43% experienced continued
deterioration. Recipients with improvement or
stabilization were converted at a significantly lower
serum creatinine (2.6 vs. 3.3 mg/dl) [23].

The reduction of cyclosporine dose by 40% with
sirolimus addition has not shown to be more effective
against CAN than without sirolimus [24]. A total of
31 patients with CAN received 40% cyclosporine
reduced dose with or without rapamycin. Rapamycin
(2 mg/day) added after cyclosporine reduction did not
improve GFR.

Conclusions

The pathogenesis of CAN is complicated and
multifactorial.  Cautious modification of the
immunosuppressive regimen to reduce or eliminate
exposure to calaneurin inhibitors may help to prevent
graft fibrosis, including of non-nephrotoxic agents
such as mycophenolate or sirolimus may be considered
after carefully balancing the risk of acute rejection. In
addition, effective management of comorbid diseases
states such as hypertension and hyperlipidemia is
essential.
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