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Abstract Following renal trans- 
plantation, the long-term use of cy- 
closporine can cause nephrotoxicity. 
This small study of ten patients 
looks at the effects of tacrolismus 
rescue therapy over a 6-month peri- 
od. After conversion to tacrolismus, 
renal function improved in seven 
pateints, progressive graft dysfunc- 
tion slowed and almost stabilized in 
two patients, and, in the remaining 
patient, deterioration continued and 

hemodialysis treatment was initiat- 
ed at the end of the study period. A 
greater number of patients and a 
longer follow up are necessary to 
confirm these initially impressive 
results. 
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Introduction 

Nephrotoxicity is one of the most important side effects 
associated with long-term cyclosporine (CSA) treat- 
ment, and has become an important factor for long- 
term graft failure [I]. Until recently, the only available 
option was to withdraw the CSA or to reduce the daily 
dose. This approach has the potential to reverse the his- 
tological changes associated with CSA toxicity, but in- 
creases the risk of acute rejection [2]. The mechanism 
of CSA-induced arteriolopathy remains poorly defined. 
It has been suggested from experimental models that 
TGF-[j production is enhanced by CSA [3]. In addition, 
increased renal tubular expression of this cytokine in 
human allografts correlates with CSA toxicity [4]. 

Tacrolimus (FKS06), which has a mode of action very 
similar to CSA, has been shown to be an effective and 
well-tolerated immunosuppressant in solid organ trans- 
plantation. It has been reported that the change from 
CSA to tacrolismus can reverse the renal function dete- 
rioration secondary to acute CSA nephrotoxicity [S] as 
well as the CSA-associated hemolytic-uremic syndrome 
[6]. However, there are no data available on the out- 
come after conversion to tacrolimus in patients who 
have developed arteriolopathy and progressive graft 

function impairment due to long-term CSA treatment. 
The aim of the study was to investigate if the conversion 
from CSA to tacrolimus could improve the progressive 
renal dysfunction in patients with histological changes 
indicative of CSA-induced nephrotoxicity. 

Patients and methods 

Ten cadaveric kidney transplanted patients with progressive renal 
impairment were included in the study. At the start of the study, 
patients had been transplanted for more than 1 year and had been 
receiving CSA, prednisone, and azathioprine for the entire post- 
transplantation period. Due to progressive elevation in serum cre- 
atinine, a percutaneous graft biopsy was performed. According to 
the Banff criteria [7], patients were diagnosed with CSA-induced 
nephrotoxicity. The typical hyaline afferent arteriole thickening 
was observed in all of the cases. After the time of histological diag- 
nosis, the CSA dose was reduced for 3 months with CSA levels 
lowered to a mean of 118 * 24 ngiml; however, renal function con- 
tinued to decline in all patients. Conversion to oral tacrolimus ther- 
apy (initial dose: 0.15 mgikg per day) was done the day after stop- 
ping CSA treatment. 'Tacrolimus doses were subsequently adjusted 
to maintain whole blood trough levels between 5 and 10 ngiml. The 
doses of azathioprine and prednisone remained the same. Serum 
creatinine data during the 6 months before and after conversion 
to tacrolimus were used to calculate the licreatinine (l/Cr) versus 
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Table 1 Cyclosporinc (CSA) nephrotoxicity criteria, according to 
Banff classification. observed on allograft biopsy 

CSA-associated changes Number 

Tubular Isometric vacuolization 1 
Eosinophilic inclusions - 

Microcalcification 3 

of patients 

Vascular Nodular hyaline afferent arteriole 
thickening (mildimoderate) 613 
Thrombotic microangiopathy - 

Occlusive arteriolar change - 

Medial degeneration - 

Intmtitial Striped or patchy fibrosis 3 
Glomerular Sclerosis or ischemic collapse 3 

.Iuxtaglomerular apparatus hyper- 
plasia 1 

Table 2 Initial and final serum creatinine, creatinine clearances 
and results of IiCreatinine vs time slopes obtained during the 
6 months heforc and after conversion to tacrolimus ( H D  Hemo- 
dialysis) 

Creatinine (mgidl) IiCreatinine slope Creatinine clearance 
(mlimin) 

Pre Post 
8 5.3 
5.4 3.1 
3.1 7.3 
5 1.5 
2.7 7% 
'4.7 HD 
4.2 2.9 

1.5 
2.X &.i 

2.X 2.9 

3 

7 7  

Pre 
-0.0'79 
-0.0'18 
-0.0031 
-n.ni6x 
-0.os4n 
-0.0070 
-0.0098 
-0.0739 
-0.0350 
-0.0712 

Pre Post 
9.6 14.4 

18 32.4 
IS 36.7 
18.6 20 
77 '1.5 
17.9 HD 
10.4 '7 
3s. 1 58.1 
29 34 
78.9 37 

P > 0.05 by break point analysis 

time slope. In  addition, creatinine clearance, serum urea, glucose, 
triglicerides, cholesterol, ALT, hemoglobin, and hematocrit were 
measured during the study period. Two patients consented to an 
additional kidney transplant biopsy which was performed at  the 
end of the study period to observe histological changes. 

Statistical analysis 

Results are shown as mean 2 SD. To determine in each patient if ,  
after conversion to tacrolimus, there was a variation in progressive 
graft dysfunction, the IiCr versus time slope obtained during the 
h months before and after conversion was analyzed by the break 
point test [8]. I n  addition, both before and after conversion liCr 
vs time slopes were obtained separately and their means compared 
by the paired Student's t-test. 

Results 

At the moment of histological diagnosis of CSA neph- 
rotoxicity, patients had been transplanted for 50.8 k 
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Fig.1 llcreatinine ( I /Cr )  vs time slopes during the h months hefore 
and 6 months after the immunosuppressive change from cyclospo- 
rine (CSA) to tacrolimus (FK5Uh) in ten patients diagnosed with 
CSA-induced nephrotoxicity 

33.5 months (range 13-120). Different biopsy findings 
suggestive of CSA toxicity and severity score, according 
to Banff scheme, are shown in Table 1. 

Tacrolimus rescue therapy improved the l /Cr versus 
time slope in all but one of the ten patients. In seven of 
them. renal function improved throughout the study pe- 
riod and, in the other two. the progressive graft dysfunc- 
tion while they were on CSA treatment became slower 
and almost stabilized after conversion. In the remaining 
patient, renal impairment continued and hemodialysis 
treatment was initiated at the end of the study period 
(Fig. 1 ). There were significant differences between 
means of both 6months before and after tacrolimus 
1/Cr versus time slopes: -0.0257 k 0.024 versus + 
0.0139 k 0.029 ( P  < 0.01). The absolute values of slopes. 
initial and final serum creatinine, and creatinine clear- 
ances in each patient are shown in Table 2. 

Histopathological examination of the second biopsy 
performed in two patients showed that CSA-induced ar- 
teriolopathy had disappeared in one patient and de- 
clined in severity from grade 2 to grade 1 in the other. 
However, other findings such as tubular atrophy. inter- 
stitial fibrosis and intimal thickening did not change or 
progressed. No acute rejection episodes were observed 
after immunosuppressive conversion. Tacrolimus was 
well tolerated and no side effects were observed. 

Discussion 

Nephrotoxicity is a recognized adverse effect in patients 
treated over long periods with CSA. In addition to kid- 
ney transplanted patients, elevated serum creatinine 
levels have been reported in heart, liver and bone mar- 
row recipients and in patients receiving CSA for treat- 
ment of different autoinmmune diseases [9-12]. Acute 
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CSA nephrotoxicity usually responds to dosage reduc- 
tions, but chronic CSA renal impairment does not re- 
spond to dose reductions. Resolution or improvement 
of biopsy-proven arteriolopathy can occur after discon- 
tinuation of CSA treatment; however, the risk of acute 
rejection increases ['I. A recent publication described 
improvement of renal function after conversion to ta- 
crolimus in patients with acute CSA nephrotoxicity [5].  
Until now, no conclusive data have been reported about 
the effectiveness of this immunosuppressive change in 
patients with nephrotoxicity arising from long-term 
CSA treatment. 

In our  study neither acute rejection episodes nor side 
effects were observed after the discontinuation of CSA 
therapy and immediate conversion to tacrolimus. An 
adequate response in progressive graft dysfunction was 
achieved in nine of the ten patients included in the 
study. In addition, arteriolar damage due to CSA im- 
proved or disappeared in two kidney transplant biopsies 
performed 6 months after conversion. 

The mechanism of the improvement in graft function 
which accompanies the switch from CSA to tacrolimus 
is not clear. In spite of their chemical dissimilarities, 

~~~~~ 

both drugs have a very similar mode of action and side- 
effect profile [13]. Their immunosuppressive potency 
depends on the ability to bind competitively to an intra- 
cytoplasmic specific protein (cyclophilin for CSA and 
FKBP for tacrolimus) and thereby block the action of 
calcineurin. This blockage inhibits T cell function by im- 
pairing the gene transcription of interleukin-' and other 
cytokines [14]. Both drugs are nephrotoxic and may pro- 
duce dose-dependent deterioration in renal function 
which is reversible during the early posttransplantation 
phase. The pattern of nephrotoxicity is essentially indis- 
tinguishable both clinically and pathologically [ 131. On 
the other hand, chronic nephrotoxicity is not clearly 
dose-dependent and may be related to individual sus- 
ceptibility. 

Our preliminary results are very impressive. They re- 
flect that conversion from CSA to tacrolimus, in kidney- 
transplanted patients with long-term CSA-induced 
nephrotoxicity, leads to an improvement of progressive 
graft dysfunction in the majority of cases. However, a 
greater number of patients and a longer follow-up peri- 
od are necessary to confirm the therapeutic advantage. 
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