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Abstract. In 1981 cyclosporin A (CyA) became available 
and replaced azathioprine (Aza) as the immunosup- 
pressive agent in kidney transplantation at the University 
Hospitals in Basel, Switzerland. Patients on CyA and 
prednisone (CyA/p) therapy frequently demonstrated an 
isolated rise in bone-derived serum alkaline phosphatase 
(aP) concentration, but patients on Aza and prednisone 
(Aza/p) therapy did not. On the basis of long-term aP con- 
centration and using noninvasive means, the present 
retrospective study was designed to investigate biochemi- 
cal markers and radiographic signs of bone disease after 
successful kidney transplantation in patients on Cya/p 
treatment. Similar investigations were performed in pa- 
tients on Azaip and the results were compared. Follow-up 
examinations included clinical examination, radiography 
of the hand, and biochemical analysis of serum and urine. 
In 139 renal transplant patients on CyA/p, aP increased 
transiently after successful grafting (at transplantation 
84 f 43 U/1; on day 90, 112 k 82 U/l). In 50 patients aP 
levels were higher at the time of transplantation 
(120 f 80 U/l) and aP peaked after 8 k 6 months, at a mean 
concentration of 242 f 103 U/1. In these patients aP con- 
centrations exceeded the normal range for 1 6 f 1 0  
months. None of the patients on CyA/p showed symptoms 
of bone disease when aP was increased. Radiological sur- 
veys revealed more pronounced osteodystrophy in pa- 
tients at the time of transplantation, which increased aP to 
above the normal range after transplantation. Despite this 
rise in aP, over the long term bone lesions improved radio- 
graphically while bone mass remained stable. In contrast, 
patients treated with Aza/p demonstrated a significant de- 
crease in aP level after transplantation from 75 f 33 U/1 to 
54 f 29 U/1 on day 90. In addition, radiographic bone 
changes persisted and bone mass decreased significantly. 
After a 2-year follow-up, serum parathyroid hormone, 
1,25-(OH)z-vitamin D1, calcium, and phosphorus concen- 
trations, urinary excretion of hydroxyproline, and tubular 
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reabsorption of phosphate did not differ between patients 
on CyA/p and controls on Aza/p. We conclude that after 
successful kidney transplantation and initiation of CyA/p 
therapy, a transient increase in bone-derived aP frequent- 
ly occurred. These patients more often demonstrated 
radiographic signs of pre-existing osteodystrophy. How- 
ever, over the long term, these changes improved. 

Key words: Cyclosporin A, alkaline phosphatase - Al- 
kaline phosphatase, CyA - Kidney transplantation, CyA - 
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In the years 1968-1981, kidney transplant patients at the 
University Hospitals in Basel received azathioprine and 
prednisone (Aza/p) as immunosuppressive therapy. 
When cyclosporin A (CyA) became available in 1981, it 
replaced azathioprine in subsequent transplantations. 
Under the new immunosuppressive regimen, an increase 
in serum alkaline phosphatase (aP) concentration was fre- 
quently noticed. Increased aP was derived from the bone 
[15]. In the majority of patients this rise was unaccompa- 
nied by changes in other chemical indices. We reported 
these findings as early as 1983 [15]. Results of the follow- 
up reports of the European Multicentre Trial confirmed 
our observations. Patients on CyA/p treatment at several 
centres demonstrated significantly higher serum aP levels 
of 186%, 133 %,and 117 %, 1 [9], 3 [13], and 5 years [6], re- 
spectively, after kidney transplantation when compared to 
aP levels of 100 Yo, 103 Yo, and 93 Yo at similar times after 
grafting in patients on Aza/p (aP level in Aza/p-treated 
patients 1 year after transplantation was estimated as 
100 YO). Despite these significant differences in aP levels 
between the two treatment groups, no attention was paid 
to these changes in aP levels and no further charac- 
terization of aP has been performed thus far. The fact that 
aP levels increased and remained elevated in many of our 
patients on CyAip for several months despite stable graft 
function, and the observations of accelerated bone turn- 
over in animals treated with CyA [17] raise the question of 
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whether an aP increase in kidney transplant patients on 
CyAIp is a manifestation of progressive bone disease. 

The aim of the present retrospective study was to inves- 
tigate aP concentration over a 2-year period in 139 pa- 
tients treated with CyAIp after kidney transplantation, as 
well as to analyze the significance of increased aP in kid- 
ney transplant recipients immunosuppressed with Cy Alp. 
The latter was accomplished by noninvasive means, in- 
cluding: (1) blood and urine chemistry, (2) radiographic 
survey of the hand, and (3) clinical examination. The data 
derived from this analysis were compared to data derived 
from similar investigations in patients on conventional im- 
munosuppression with Azalp. 

Patients and methods 

From 1981 to 1986,220 patients with end-stage renal failure received 
cadaveric kidney transplants. One hundred thirty-nine of these pa- 
tients met the following criteria for inclusion in this study: graft sur- 
vival longer than 6 months, stable transplant function, no evidence 
of acute or chronic hepatitis, no evidence of malignant disease, and 
CyA/p as immunosuppressive therapy. The mean age of these 
71 women and 68 men was 48 5 12 years (range 18-67 years). A 
group of controls included 32 patients (17 women and 15 men) who 
had received transplants between 1978 and 1982. The patients in this 
group met the aforementioned criteria, except that they received 
Aza/p as immunosuppressive therapy. 

Patient groups 

CyA 1 group. Fifty of the 139 patients on CyA/p with a transient rise 
in aP above 120 U/l (normal range < 106 U/I) for at least two conse- 
cutive measurements were assigned to the CyA 1 group. Their mean 
age was 49 & 2 years and they included 30 women and 20 men. 

CyA 2 group. Eighty-nine kidney transplant recipients treated with 
CyA/p and who demonstrated aP levels within the normal range at 
any time tested were assigned to the CyA 2 group. Their mean age 
was 47 f 1 years and they included 41 women and 48 men. 

A z d p  group. Thirty-two patients on conventional immunosup- 
pressive therapy with Aza/p comprised the Aza/p group. Their mean 
age was 50 f 9 years and they included 17 women and 15 men. 

Laboratory tests 

Up to 2 years after transplantation, regular clinical examinations 
and chemical analyses were carried out simultaneously. Blood was 
drawn after overnight fasting and urine was collected for the preced- 
ing 24 h. Blood and urine chemistries were determined using the 
hospital’s central laboratory multichannel analyzers (Hitatchi 705 
and 737, Boehringer, Mannheim, FRG; Flammenphotometer IL 543 
and IL 943, Instrumentation Laboratory Milano, Italy; ACA SX, Du 
Pont,Boston, Mass.). The bone-derived isoenzyme of aP was deter- 
mined quantitatively by precipitation with wheat germ lectin [2] (In- 
stitute Viollier, Basel, Switzerland). Whole blood CyA levels were 
assayed using polyclonal antibodies (Sandoz RIA kit). 

In addition, in 38patients on CyA/p (16patients with aP 
> 120 U/1, 22 patients with normal aP levels) and 21 patients on 
Aza/p, two series of tests were carried out at an interval of 1 year. 
The following parameters were determined: serum C- and N-termi- 
nal parathyroid hormone (C-/N-PTH) by radioimmunoassay [4] 
(I. Fischer and M. A. Dambacher, University Orthopaedic Hospital, 
Zurich, Switzerland), and 1,25-(OH)2-vitamin D3 by radioimmu- 
noassay according to Scharla et al. [21] (E. Ritz, University Hospital 
Heidelberg, FRG). Hydroxyproline excretion was determined in a 

sample collected after 24 h (D. J. Vonderschmitt, Chemical Labora- 
tory of the University Hospital Zurich). Blood was drawn after 12 h 
of fasting. The urinary collection period was 24 h. For these tests pa- 
tients continued with their usual food intake and were not placed on 
a diet. Tubular reabsorption of phosphate was calculated using the 
formula: (UP x PCreat x lOO)/(PP x UCreat), where PCreat repre- 
sents morning plasma creatinine, PP plasma phosphorus, UCreat 
urinary excretion of creatinine, and UP urinary phosphorus. Urinary 
phosphate excretion per day divided by glomerular filtration rate 
(GFR) was also calculated. 

Radiographic examinations 

X-rays of the hand were recorded on asensitive film (Kodak ORTHO 
MA 1824) and examined for the presence of the following three fea- 
tures: acro-osteolysis of the terminal phalanges, subperiosteal re- 
sorption, and cortical striation in the second phalanges. A severity 
score wasestablishedon all occasions by the same investigator (G. T.), 
who was not aware of the date of the examination or of the group to 
which the patients belonged. The changes were rated as follows: 
0 = no change, 1 = suspected changes, 2 = apparent changes, and 
3 = very pronounced changes. Hence, a total score of 0 represented a 
normal radiographic appearance and a score of 9 represented the 
most severe pathological bone changes. Cortical thickness of the left 
second metacarpal shaft was assessed by measuring the narrowest 
total diameter minus the width of themedullary cavity. Cortical thick- 
ness has been shown to correlate with total cortical bone mass [19]. 

At transplantation, hand X-rays were made of 78 patients on 
CyA/p (44 with an increased aP level and 34 with a normal aP con- 
centration) and of 32 patients on Azaip. Follow up X-rays were re- 
corded at intervals of 6 months. 

Changes in the immunosuppressive treatment 

In addition to the 32 Aza/p-treated patients described above, 14 pa- 
tients on Aza/p were switched to CyA/p, irrespective of the time of 
transplantation. Over a period of 2-3 months, prednisone was 
tapered in these patients in order to reduce prednisone-induced side 
effects in six diabetic patients, four patients with progressive weight 
gain, two patients with necrosis of the femur head, one patient with 
intestinal symptoms and ulceration, and one patient with recurrent 
carcinoma of the skin. Eleven of these patients had stable kidney 
graft function, no evidence of hepatitis, and no signs or symptoms of 
wasting disease. Nine patients initially treated with CyA/p de- 
veloped CyA-induced nephrotoxicity and were switched to conven- 
tional immunosuppression with Aza/p, 3-18 months after transplan- 
tation. They met the abovementioned criteria of no hepatitis, no 
wasting disease, and stable graft function. Blood chemistry was 
monitored in these patients. 

Statistics 

The results are expressed as mean f SD. Between-group compari- 
sons of the variables were carried out using the Mann-Whitney U- 
test. Wilcoxon’s test or analysis of variance (ANOVA with Bonfer- 
roni correction) was used for statistical comparison of subsequent 
values of the same subject. A Pvalue of less than 0.05 was considered 
significant. 

Results 

Alkaline phosphatase concentration 

The majority of the 139 patients immunosuppressed with 
CyAIp demonstrated an increase in aP concentration 
within the 1st few months after kidney transplantation (at 
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Fig.1A-D. Alkaline phosphatase (aP) concentration in cyclospo- 
ridprednisone (CYAlp)- and azathioprine/prednisone (Aza/p)- 
treated patients at transplantation (A) and at 6,12, and 24 months 
thereafter (B-D). Patients on CyAip with a rise in aP above 120 UI1 
(normal range < 106 U/l) = CyA 1 group; patients on CyA/p with aP 

transplantation 84 f 43 U/1; on day 90, 112 f 82 U/1; 
P < 0.0005). Isoenzyme analysis demonstrated that the in- 
crease in aP under CyA/p therapy was due to bone- 
derived aP. Fifty (36%) of the 139 transplant recipients 
showed peak aP levels above the upper limit of the normal 
range on at least two subsequent measurements within the 
first 2 years after transplantation. These patients were as- 
signed to group CyA 1 (Fig. 1). At transplantation, in the 
CyA 1 group, the mean aP level was 120 f 80 U/1; in the 
CyA 2 group it was 71 * 30 U/1 ( P  < 0.001). In the CyA 1 
group, a rise in aP levels above 120U/1 occurred 
3 f 3 months after grafting (range 0-12 months). A peak 
concentration of 242 k 103 U/1 (range 129-660 U/l) was 
reached 8 i 6 months (range 0 4 0  months) post-trans- 
plantation. The mean duration of raised serum aP levels in 
CyA 1 patients was 16 f 10 months (range 1-48 months). 
In 5 of the 50 patients, aP levels were still elevated after 
2 years, when the study was completed. 

Eighty-nine patients on CyA/p (CyA 2 group) demon- 
strated no rise in aP concentration above the normal range 
(106 U/1) after transplantation. Forty-five of these pa- 
tients also showed an increment in aP rise of more than 
20 U/1. However, peak aP levels did not exceed the normal 
range (Fig. 1). In contrast, in Aza/p-treated patients, aP le- 
vels did not rise after transplantation but decreased signif- 
icantly over the 1st few months after grafting (at trans- 
plantation 75 f 33 U/1; on day 30 after grafting 66 & 38 U/1; 
on day 60 after grafting 58 f 28 U/1; on day 90 after graft- 
ing 54 ? 29 U/1; analysis of variance P < 0.005; Fig. 1, 
Table 1). Figure 2 shows an isolated transient increase in 
bone-derived aP concentration in a 51-year-old woman 

concentration within the normal range = CyA 2 group; and patients 
on conventional immunosuppressive therapy = Aza/p group. In 45 
of the 89 patients in the CyA 2 group, aP increased by more than 
20 UI1 but peaked within the normal range 

with analgesic nephropathy on CyA/p therapy 
(CyA 4.9 mg/kg body weight = 200 mglday; prednisone 
7.5 mg, 6 months after transplantation). The patient had 
no symptoms. 

C y A  dose in relation to aP levels 

In CyNp-treated patients the increment of aP rise was a 
dose-dependent phenomenon. In patients with increased 
aP levels (CyA 1 group) the dose of CyA/kg body weight 
was higher than in patients in the CyA 2 group ( P  < 0.05; 
Table 1). A correlation between CyA and aP concentra- 
tion is further suggested by the finding of a high incidence 
(45%) of increased aP levels ( > 120 U/l) in patients in- 
itially treated with 12-17 mg/kg body weight compared to 
only 28 % in patients on low-dose CyA (3-5 mg/kg body 
weight). 

Kidney transplant function 

In the 139 CyA/p-treated patients, blood creatinine 
concentrations were significantly higher after day 60 
post-transplantation than they were in Aza/p-treated pa- 
tients (on day 60: 159 f 5 7  vs 140 f 5 4  pmol/l, NS.; on 
day 90: 155 f 45 vs 131 f 46 pmol/l, P < 0.01). However, 
creatinine concentration did not correlate with aP levels. 
An example showing marked changes in isolated aP 
concentration post-transplantation despite stable graft 
function is illustrated in Fig. 2. Thus, impaired kidney 
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Table 1. Blood chemistry 30,60 and 90 days after kidney transplan- 
tation in patients on cyclosporin A and prednisone (CyAip) with in- 
creased aP (CyA 1; n = 50), patients on CyAip with aP in the normal 
range (CyA 2; n = ss), and patients on azathioprine and prednisone 
(Azaip; n = 32). * P < 0.05, CyA 1 vs CyA 2; ** P < 0.02, Azdp vs 

CyA 1; Azaip vs CyA 2; *** P < 0.001, CyA 1 vs CyA 2; CyA 1 vs 
Azaip (Mann-Whitney U-test for unpaired values) **** P < 0.005, 
aP on days 30,60, and 90 after transplantation in Azaip-treated pa- 
tients (ANOVA) 

CyA 1 CyA 2 Azaip 
Day30 Day60 Day90 Day30 Day60 Day90 Day30 Day60 Day90 

aP (Uil) 133k61*** 146f53*** 153k55*** 62k19 66k33 7 0 k l S  ****66+38 ****58+28 ****54f29 
Creatinine (pmolil) 185 k 135 152 k 52 156 k 42 175 k 93 164 k 61 155 k 47 175 k 149 140 k 54 131 k 46** 

AST (Uil) 1 2 k 6  1 2 k 7  13k6 17k14 1 1 k 5  11 k5 17k11 1 0 k 6  1 2 f 5  
ALT (Uil) 22k7 16k13 14kX 25218 16k12 1659 44k39 16k10 1 7 f 1 1  
S-Ca (mmolil) 2.44k0.22 2.53*0.22 2.61k0.23 2.3Sk0.16 2.39k0.16 2.45k0.15 2.4k0.23 2.52k0.21 2.55k0.23 
S-Ph (mmolil) 0.86k0.41 0.91 k0.25 0.95kO.24 0.86f0.34 0.88f0.22 0.97k0.21 O.SSkO.38 0.84f0.28 1.0Si0.40 
CyA (mglkg) 9.9f4.0* S.Ok3.4* 7.4k3.5* 7.Sk2.9 6.3k2.6 6.0k2.5 

Bilirubin (pmolil) 13 f 8 9 k 3  S k 4  1 0 k 4  S k 4  8 k 4  7 k 3  7 k 3  7 k 3  

function did not account for the more pronounced aP rise 
in CyA 1 patients than in CyA 2 patients at any time (Ta- 
bles 1,2). 

Blood and urine chemistry 

Serum phosphorus tended to be lowest early after trans- 
plantation. However, there were no differences in mean 
serum phosphorus between the groups at any time the pa- 
tients were examined during the first 2 years after grafting 
(Tables 1, 2). Moreover, in five patients in whom aP re- 
mained elevated for more than 2 years, phosphorus levels 
did not differ either. After postoperative day 30, calcium 
concentrations were lower in patients with normal aP con- 
centrations than in Cy A-treated patients with an increase 
in aP above the normal range ( > 120 Uil; P < 0.01). How- 
ever, in all groups mean calcium concentrations still re- 
mained within the normal range. Calcium concentrations 
were similar in CyA 1 group patients and in Aza/p-treated 
patients. 

In patients in the CyA 1 group, the following chemical 
analyses did not differ from those in the CyA 2 group or 
Aza/p group at the time aP levels exceeded the normal 
range: serum phosphorus, calcium, 1,25-(OH),-vit- 
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50 

amin D3, and C- and N-terminal PTH (Table 2). There 
was a trend towards higher C-terminal PTH in patients on 
CyA with increased aP. This was accounted for in part by 
one extremely high reading (patient B. C., C-terminal 
PTH 5680 ng/ml). 

Bone turnover was assessed by measuring urinary ex- 
cretion of hydroxyproline. The difference in hydroxy- 
proline excretion per 24 h and urinary hydroxyproline per 
excreted creatinine was small and SD large in both CyAip 
and Azaip-treated patients. Therefore, the results were 
not statistically different (Table 2). The present results do 
not allow conclusions to be drawn about the equilibrium 
of the ongoing process. Destruction or reconstruction may 
predominate or balancing may occur. Neither estimated 
tubular reabsorption of phosphate (CyA 1 62 f 12 % 
CyA 2 65 +_ 12%; Azalp 63 k 13 YO),  nor urinary phos- 
phate excretion divided by GFR (CyA 636 f 186; Azaip 
602 +_ 236), nor urinary calcium excretion was significantly 
different. CyA/p-treated patients with and without in- 
creased aP concentrations had lower calcium loss in the 
urine than Azalp-treated patients (CyA 1 group vs Azaip, 
P < 0.02; CyA 2 group vs Aza/p, P < 0.02). The difference 
disappeared within half a year after transplantation. 
Urine was collected over a 24-h period without any di- 
etary restrictions at that time. 

1 1 F T I 1.;985 1.1.1986 1.1.1987 
Transplantation 

Fig.2. Transient rise in serum aP concen- 
tration in a 51-year-old female kidney 
transplant recipient on CyAip 
(CyA 4.9 mg/kg body weight = 200 mgi 
day; 7.5-10 mg prednisone) therapy. The 
woman had analgesic nephropathy and 
received her transplant after 2 years of 
hemodialysis treatment. There were no 
symptoms of bone disease at any time 
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sented. * P < 0.05, CyA 1 vs CyA 2; ** P < 0.02, CyA 1 vs CyA 2; 
CyA 1 vs Aza/p; :#** F'< 0.001, CyA 1 vs CyA 2; CyA 1 vs Aza/p; 
**** P <  0.02, Azalp vs CyA 1; Azalp vs CyA 2 (Wilcoxon's R test 
for paired values, Mann-Whitney U-test for unpaired values) 

Table 2. Blood and urine chemistry and radiological score in kidney 
transplant patients, including CyA 1 patients with increased aP 
( >  120 UII; n = 16), CyA 2 patients with aP in the normal range 
(n = 22), and Azaip patients on conventional immunosuppressive 
therapy (n = 21). Two series of tests at an interval of 1 year are pre- 

CyA 1 CyA 2 Azalp 
Series 1 Series 2 Series 1 Series 2 Series 1 Series 2 

145 f 7 2  Creatinine <110pM/I 166f39 170f 47 176 k 46 172 i 48 166 + 72 
Bilirubin < 25 UII 11 f9 9 + 6  1 0 + 4  1 0 i 4  9 f 3  1 0 f 3  
AST < 35 U/I 1 4 f 3  1 4 f 5  1 4 + 5  1 3 i 6  12+4 1 7 f 1 2  
ALT < 36 U/I 15 2 6  19 i 1' 15 f 8  1 9 i 9  1 3 k 9  17 + 11 
Gamma-GT < 65 UI1 15 + 14 19 f 1'1- 10f 15 10 F 15 191- 15 17+15 
aP < 106 U/1 185+133*** 129+40*** 82+17 77 +24 58 ? 24 54 + 24 
S-Ph 0.65-1.32 mM/1 1.14 f 0.24 1.11 k 0.15 1.13 k0.22 1.07 f 0.25 1.08 k 0.22 1.16 + 0.33 
S-Ca 2.2-2.64 mM/1 2.55 f 0.18 2.57 + 0.20 2.48 f 0.1 6 2.48 f 0.12 2.52 + 0.27 2.58 + 0.16 
PTH-N-term. < 0.25 ng/rnl 0.57 f 0.49 0.52 f 0.42 f 0.46 0.39 f 0.48 0.36 + 0.42 

median 0.54 0.38 0.39 0.26 0.27 Not 
PTH-C-term. < 40 ng/ml 465 + 1304 1 8 4 i  158 286 i 637 212i290 1 4 5 f l l 9  done 

median 167 104 120 128 98 
- - 184 f 127 1,250HlD3 4347 pM/I 238 f 178 196+120 

U-Ca/d 0.25-7.5 mM/d 1.95 L 2.04 2.36 + 2.48 1.72 i 1.25 1.56 f 1.01 3.0 i2.56*:*"* 2.32 + 2.24 
Yo TRP 62 i 12 5 8 f 9  65 + 12 6 2 k 9  63+15 h 3 f 1 6  
U-OH-Prolinid 10-50 mg/d 283 f 121 Not 251 ? 118 Not 253 f 324 Not 
U-OH-Prolin/U-Creat 25.2 i 12.8 done 20.2 k 8.0 done 18.2 i 19.6 done 

X-ray score 0 2.41 f 2.06"" - 0.71 k 0.91 
5.1 + 2.1 5.2 f 1.8 5.1 f 1.9 4 .6 i  1.6 - - 

- 1.09k 1.14 - 
CYA mg/kg 

Effect of changing the immunosuppression on aP 

Eight of the 11 kidney transplant recipients who were 
switched from Aza/p to CyA/p later showed a significant 
rise in aP concentration. In six of these patients aP  levels 
peaked above 120 U/1 1.5-6 months after the switch. In- 
itiation of CyA treatment not only caused a rise in aP but 
also an increase in creatinine concentration. However, a 
decrease in kidney function is not the sole cause of aP 
change. The aP increase was transient while the crea- 
tinine concentration remained stable. Figure 3 shows aP 
and creatinine concentrations in a 42-year-old man with 
diabetic nephropathy who received Aza/p (azathioprine 
150 mg, prednisone 10 mg) after transplantation. Three 
months later, pelvic X-ray revealed a spontaneous 
fracture of the ischiopubic bone. To reduce steriod side 
effects on blood glucose and to stop progression in 
weight gain, 18 months after transplantation Azaip was 
switched to CyA/p (CyA 6.1 mglkg body weight= 
350 mg, prednisone 10 mg). Prednisone was tapered off 
within 2 months after initiation of CyA/p treatment. The 
increase in aP level did not correlate with N-terminal 
PTH (unmeasurably low) or 1,25-(0H), vitamin D3 con- 
centration. Before death, bone-derived aP was nor- 
malized. At autopsy, bone histology demonstrated nor- 
mal morphology. 

Nine patients developed severe nephrotoxicity under 
CyA/p therapy and were therefore switched to Azalp 
4-18 months after grafting. The mean aP concentration 
during initial CyAip therapy was 70.4 i 21 and thereafter, 
under Aza/p therapy, 52.7 f 7 ( P  < 0.05). Seven of these 
nine patients demonstrated a decrease of more than 10 % 
and four patients had a decrease of more than 20 '3'0 in aP 
concentration. These findings of an increase in aP levels 
after changing from Azaip to C y N p  administration and a 

decrease after the switch from CyA/p to Aza/p is highly 
suggestive of an interrelation between CyA and aP in- 
crease. 

Radiographic hand examination 

At transplantation, radiographic signs of renal bone dis- 
ease, i. e., acro-osteolysis of the terminal finger phalan- 
ges, subperiosteal resorption, and cortical striation in the 
second phalanges, were more pronounced in patients on 
CyA with increased aP after transplantation (CyA 1 
group) than in CyA-treated patients with aP in the nor- 
mal range after grafting (CyA 2 group; CyA 1 group vs 
CyA 2 group P < 0.01; Table 3). In the CyA 1 group, the 
X-ray score was high at transplantation (2.9 k 2.3) and 
fell subsequently (1.8 f 5, P < 0.01; Table 3, Fig.4). Ir- 
respective of the date of transplantation, at the time aP 
Concentration exceeded 120 U/1, patients demonstrated 
more severe bone lesions than those with normal aP 
levels (Table2). In patients on Aza/p, the X-ray score 
was also higher at transplantation (1.4 k 4), though to a 
lesser degree. Increased scores in CyA/p-treated patients 
diminished. In contrast, in patients on Aza/p, a high 
X-ray score remained elevated and did not improve, with 
one exception only (Fig. 4). Patients on Q A f p  with nor- 
mal aP concentration and without radiographic signs of 
osteopathy at transplantation did not regularly have fol- 
low-up X-rays taken. However, in 15 patients, sub- 
sequent radiographs were recorded (1-5 years after 
grafting) for several reasons. They did not demonstrate 
a significant increase in the radiographic score. Even 
though there were remarkable changes in the X-ray 
scores in CyA 1 patients (n  = 44), follow-up examinations 
demonstrated unchanged cortical thickness (4.69 i 
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Fig. 3. A 42-year-old man with diabetic 
nephropathy received a kidney transplant 
and was first immunosuppressed with 
Aza/p (150 mg/lO mg). One month after 
renal grafting the pelvis X-ray was normal. 
Three months later a spontaneous fracture 
of the pubic bone occurred. Immunosup- 
pression was changed from Azdp to 
CyA/p (6.1 mg/kg/lO mg), Prednisone 
was tapered off within 2 months after 
changing to CyAlp. Thereafter, bone-de- 
rived aP concentration increased transient- 
ly. Autopsy revealed normal histology of 
the bone 

Fig.4A,B. Radiographic score in kidney 
transplant patients A on CyAlp with aP 
above the normal range and B on Azalp. 
The score was rated for acro-osteolysis 
of the terminal finger phalanges, subperio- 
steal resorption, and cortical striation in 
the second phalanges. High radiographic 
scores diminished in the majority of pa- 
tients treated with CyAlp but remained 
elevated in most patients on Aza/p 

0.86 mm vs 4.73 f 0.79 mm). The latter is regarded as a Discussion 
measure of cortical bone mass [19]. In contrast, bone 
mass decreased progressively in patients receiving Azaip Serum aP is a biochemical marker often used as an indi- 
(n = 32; at transplantation 4.94 f 0.96; at follow-up rect measure of parathyroid activity and renal bone dis- 
4.78 f 0.95; P < 0.05). ease [19, 221. aP is synthesized by osteoblasts. Kidney 
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However, we did not carry out hormone analysis to eluci- 
date this point. 

Patients with chronic renal failure invariably develop 
abnormalities in bone histology [3, 8, 10, 201. However, 
only 50 YO of patients with positive bone biopsies of renal 
osteodystrophy show increased aP levels [S] and only one- 
third of patients demonstrate radiographic signs of renal 
osteodystrophy [S, 10,171. Thus, aP concentrations in the 
normal range and normal radiography of the bone at the 
time of transplantation do not exclude renal osteodys- 
trophy. Still, three facts argue in favor of a more pre-exist- 
ing renal osteopathy among those CyAlp-treated patients 
who demonstrated an aP rise above the normal range: (1) 
a higher radiographic score of osteodystrophy (acro- 
osteolysis of the terminal phalanges, subperiosteal resorp- 
tion, and cortical striation in the second phalanges) at 
transplantation and at the time aP concentration ex- 
ceeded 120 U/1; (2) higher levels of aP before initiation of 
CyNp therapy; and (3) a tendency towards higher plasma 
PTH levels in patients with increased aF! However, aP 
concentration did not correlate with N-terminal PTH con- 
centration. Moreover, in three patients on CyA/p, PTH 
concentrations remained unmeasurably low for more 
than 1 year while aP was increased. Therefore, persistence 
of secondary hyperparathyroidism does not solely ac- 
count for the transient aP rise in renal transplant patients 
on CyA/p therapy. 

After successful kidney transplantation and initiation 
of CyA/p treatment, the X-ray score did not deteriorate 
despite the aP rise. At long-term follow-up, the X-ray 
score even improved and cortical bone mass remained 
unchanged. Thus, there is no radiographic evidence for 
progressive bone disease in patients treated with CyA/p. 
In contrast, the majority of patients treated with Aza/p 
demonstrated a decrease in aP levels after grafting. Pa- 
tients with a high X-ray score at transplantation also 
demonstrated a decrease in aP concentration. Despite 
better kidney function in Aza/p-treated patients, the 
long-term X-ray score did not improve and bone mass 
decreased. Thus, earlier reports of progressive bone re- 
sorption and loss of cortical bone volume by as much as 
0.07 YO per month under Aza/p therapy [17] and Huffer et 
al.’s suggestion [ l l ]  of more severe bone disease in kid- 
ney transplant patients on Aza/p than patients on chronic 
dialysis therapy are confirmed. Therefore, good trans- 
plant function seems insufficient to normalize pre-exist- 
ing renal osteodystrophy in patients treated with Aza/p. 
We are aware of the fact that hand radiography is neither 
a very specific nor a very sensitive method to detect dis- 
tinct changes in renal bone disease. Only severe cortical 
lesions are shown, but early signs of renal osteodystrophy 
and osteopenia occur in trabecular bone. Computerized 
axial tomography imaging or dual-beam photon densito- 
metry are more valuable methods to detect changes in 
trabecular bone [lo, 16,251. Still, diagnostically, they are 
not specific. 

Glucocorticoids modulate osteoblast function and 
thus serum aP concentration [7]. A decrease in aP con- 
centration immediately after kidney transplantation may, 
therefore, result in part from inhibitory effects of gluco- 
corticoids. Increased renal calcium loss and diminished 

Table 3. X-ray score at transplantation and 1.5-5 years later. Scores 
ranged from O (no change) to 3 (very pronounced changes) for acro- 
osteolysis of the terminal finger phalanges, subperiosteal resorption, 
and cortical striation in the second phalanges in CyAip-treated pa- 
tients with increased aP ( > 120 U/1; CyA l), with aP in the normal 
range (CyA 2), and patients on azathioprine/prednisone (Aza/p). * 
P<O.Ol CyA 1 vs CyA2; CyA 1 vs Azdp; ** P<O.O1 CyA 1 at 
transplantation vs CyA 1 at follow-up 

Score CyA 1 CyA 2 Aza/p 
At transplantation 2.9 + 2.3* O.Y? 1.5 1.4+ 1.4 
1.5-5 years later 1.8+1.5** Notdone 1.3k1.2 

transplant patients on immunosuppressive therapy with 
Aza/p who show an isolated rise in aP have very likely de- 
veloped autonomous hyperparathyroidism [l]. At the 
University Hospitals in Basel, fewer than 5 YO of patients 
with stable transplant function who are on Aza/p therapy 
demonstrate such a complication. In contrast, patients re- 
ceiving CyA/p for immunosuppression have frequently 
demonstrated an isolated increase in bone-derived aP 
concentration [5, 151. This observation and results from 
animal studies suggesting increased bone turnover in rats 
treated with CyA [18] and impaired bone repair after ex- 
perimental fracture [26] have given rise to concern about 
the long-term effects of CyA on bone in kidney transplant 
recipients. Moreover, the administration of CyA to pa- 
tients with pre-existing osteodystrophy, as it is seen in 
most patients with chronic renal failure, may be deleteri- 

The present analysis demonstrated a significant and 
isolated transient rise in bone-derived aP concentration in 
more than 70% of 139 kidney transplant patients. In 
50patients aP exceeded the upper limit of the normal 
range. It is striking that 50 YO of the remaining 89 patients 
also showed a transient rise in serum aP by more than 
20 U/l, although the peak level never exceeded the normal 
range. These findings suggest that after successful kidney 
transplantation, aP rises in the majority of patients on 
CyA/p, but that the level varies. 

The frequency of aP rising above the normal range 
correlated with the CyA dose. The aP increased in 45 YO of 
the patients given a dose of 12-17mg/kg body weight 
while it increased above the normal range in only 28 % of 
those given a dose of 5 mg/kg (or less) body weight. A 
correlation between aP rise and CyA therapy is further 
supported by findings in patients treated with Aza/p after 
transplantation who subsequently had to be switched to 
CyA/p. More than two-thirds of these patients demon- 
strated a rise in aP levels after initiation of CyA/p treat- 
ment. On the other hand, when the treatment was 
changed from CyA/p to Aza/p within the first 3-18 
months after grafting, aP concentration decreased signifi- 
cantly. Patients demonstrating a marked rise in aP showed 
a preponderance of women over men (30women, 
20 men). End-stage renal failure due to analgesic nephro- 
pathy was more common in these women. Renal osteo- 
dystrophy has been shown to be more pronounced in this 
type of nephropathy [12]. The difference in hormone pat- 
tern may also have an effect on osteopathy. In particular, 
many female transplant recipients were premenopausal. 

ous. 
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intestinal calcium absorption may occur [7]. During the 
1st month after grafting, the cumulative steroid dose was 
highest in the Azalp group, which may account for the 
highest urinary calcium excretion rate at that time. aP 
increased significantly when the prednisone dose was 
15 mg/day or less. In more than 50% of the CyA/p- 
treated patients, steroids were tapered off 6-18 months 
after grafting. The remaining patients received mainten- 
ance prednisone doses that were significantly lower than 
the dose administered in Aza/p therapy. A recent follow- 
up study [14] in kidney transplant recipients on CyA/p 
reported normal aP levels after transplantation. This 
finding contrasts with our observation and those re- 
ported in the European Multicentre Trial 16, 9, 131. The 
difference may be explained in part by differences in the 
mean prednisone dose of 10-17.5 mgiday 6 months after 
grafting, while our patients received 0-15 mgiday. Still, 
the aP increase cannot be explained solely by steroid 
withdrawal in CyAlp patients. CyAlp-treated patients re- 
ceived 10 mg/day or more of prednisone when aP levels 
rose, on the average, 3 f 3 months after transplantation. 
This prednisone dose was similar to the dose adminis- 
tered to patients on Azalp who did not show an aP rise 
but in fact showed a decrease in aP concentration after 
transplantation. In addition, when immunosuppression 
was switched from Aza/p to CyAIp, or vice versa, pa- 
tients received the same prednisone dose before and 
after this change. Still, aP concentration rose only under 
CyAip treatment. 

The mechanism of CyA effects on bone is not known. 
However, there is increasing evidence that cells of the 
immune system are involved in the regulation of bone 
turnover. In vitro lymphocyte- and macrophage-derived 
cytokines have been shown to stimulate bone resorption. 
Thus, it is conceivable that the inhibition of immune 
responses by agents such as CyA or Aza may elicit 
bone effects. Indeed, in vitro CyA inhibited PTH-, in- 
terleukin-1- and lipopolysaccharide-stimulated bone re- 
sorption in mice calvaria [24]. Analogues of CyA without 
immunosuppressive effect did not affect bone resorption 

In conclusion, after successful kidney transplantation, 
bone-derived aP increased in the majority of patients on 
CyA and low-dose prednisone therapy. The early onset 
and transient nature of the increase in aP levels suggest 
that pre-existing renal bone disease may contribute to 
these changes in aP. Radiographic signs of osteopathy did 
not deteriorate; in contrast, the X-ray score improved 
over the long term. Symptoms and clinical signs of pro- 
gressive bone disease did not develop. Information about 
CyA effects on aP and bone in patients with nonsystemic 
diseases such as psoriasis are not available. However, the 
lack of an aP rise after heart and liver grafting, despite 
CyA treatment (personal communication, Prof. P. Krupp, 
Sandoz, Basel), can well be explained if pre-existing 
osteopathy is a requirement for CyA-induced increase in 
bone aP levels. An isolated, transient rise in aP after kid- 
ney transplantation in patients on CyA/p, therefore, does 
not seem to be the result of progressive bone disease but 
rather reflects repair mechanisms of pre-existing osteo- 
dystrophy. Only bone biopsies taken at transplantation 

~ 3 1 .  

and subsequently will shed light on the effects of CyAip in 
humans. 
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