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Summary. In the Canadian/European randomized control- 
led study on cyclosporin A (CsA) in recent onset Type 1 (in- 
sulin-dependent) diabetes, treatment with the immuno- 
suppressive drug had increased and maintained Beta-cell 
function and clinical remission during the first 12 months. 
Following discontinuation of the study drug and double- 
blinding after a mean of 13.8 months former CsA patients 
doubled the daily insulin dose within 6 months reaching the 
level of former placebo patients. The difference in Beta-cell 
function between the two groups was also lost. Metabolic 
control (HbA~c) was transiently worse in the former CsA 

group. Adverse effects of cyclosporin A on systolic blood 
pressure, haemoglobin levels, serum potassium and crea- 
tinine levels also remitted during that time. We conclude that 
treatment with cyclosporin A for a mean of 13.8 months had 
no long-lasting effect on the course of Type i diabetes per- 
sisting beyond drug discontinuation. 

Key words: Cyclosporin A, Type 1 (insulin-dependent) 
diabetes mellitus, immunotherapy, C-peptide, islet function, 
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When patients with recent onset Type 1 (insulin-de- 
pendent) diabetes mellitus were treated with the immu- 
nosuppressive drug cyclosporin A an increase in the rate 
and lengths of remissions was observed [1-3] with con- 
comitant improvement and preservation of Beta-cell 
function [3]. 

In these as well as in other studies the administration 
of cyclosporin A was discontinued within two years be- 
cause of loss of clinical remission, because of risk of side- 
effects or at the patients' request [4-7]. However, little is 
known about the further course of Type 1 diabetes in 
these patients. Animal studies [8-10] and data from a 
small numbers of patients [11] have indicated that a 
limited period of CsA administration may have a long- 
lasting beneficial effect in Type 1 diabetes. Follow-up 
data of a large cohort from the Canadian/European ran- 
domized controlled trial were analysed for long-term 
effects on the course of Type 1 diabetes after discontinu- 
ation of CsA therapy. 

* Prepared by the authors on behalf of The Canadian/European 
Randomized Control Trial Group (Please see acknowledgements 
for complete listing). 

Subjects and methods 

The patients and methods used for this analysis have been described 
elsewhere in more detail [3]. In brief, 188 recent onset Type 1 
diabetic patients (age 9-35 years, duration of classic symptoms be- 
fore onset < 14 weeks) were randomized in two groups. The initial 
cyclosporin A dose was 10 mg/kg divided in 12 h intervals, sub- 
sequently the dose was modified to maintain 12 h trough concentra- 
tions in serum of 100-200 ng/ml or in whole blood of 400-800 ng/ml 
(determined by radioimmunoassay with the polyclonal antibody 
provided by Sandoz, Basel, Switzerland). An increase of serum 
creatinine to > 150% of baseline values called for cyclosporin A 
dose reduction. 

Insulin was administered with the objective of mean capillary 
blood glucose levels less than 7.8 retool/1 with no single blood glu- 
cose value more than 9.0 mmol/1 before meals and before bedtime. 
Endogenous secretion of insulin was tested before and 6 rain after 
1 mg glucagon i.v. in the overnight-fasted state without prior ad- 
ministration of insulin and with blood glucose levels below 
7.8 mmol/1. 

Twin analysis 

To evaluate the follow-up after cyclosporin discontinuation patients 
still on drug treatment or with an incomplete record had to be ex- 
cluded. Of the cyclosporin A group 63 patients with complete record 
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Fig.IA, B. Number of patients before and 
after discontinuation of double-blinding. 
During the double-blind phase of the 
study some patients were switched to 
placebo in order to minimize risk from 
toxicity if there was no prospect of benefit 
(basal C-peptide < 0.1 nmol/1 on two 
consecutive months) 

after drug discontinuation were available and for each a matching 
statistical twin was searched in the placebo group. The following 
criteria were defined for matching: same sex, age difference less than 
4 years, initial glucagon stimulated C-peptide difference less than 
0.15 nmol/l and difference in duration of diabetic symptoms before 
therapy less than 3 weeks. Following these criteria 46 statistical twin 
pairs could be formed. Between the former CsA and placebo twins 
only corresponding data were compared, i. e. with identical duration 
in the study. 

Statistical analysis 

Statistical analyses were performed by using Student's t-test (two- 
tailed), Wilcoxon test and Fisher's-test with the level of significance 
at p < 0.05. 

Results 

The follow-up of all patients in the Canadian/European 
cyclosporin A trial is shown in Figure 1. Double blinding 
and placebo treatment were discontinued 12-15 months 
after entry when patients and physicians were informed 
about the nature of the individual study drug. Cyclo- 
sporin A administration was continued at the patient's re- 
quest as long as target control of glycaemia was main- 
tained (blood glucose levels _< 7.8 mmol/1 before meals) 
and the daily insulin dose was < 0.15 IU/kg. All patients 
were asked to participate in the follow-up analyses. As 
shown in Figure i this was the case for the majority of pa- 
tients remaining in the study. 

In Table i a summary of all available data, including 
patients who did not discontinue CsA is given. At  
24 months after entry to the study patients of the former 
CsA group showed similar insulin requirements, glycosyl- 
ated HbAlc levels, basal and stimulated C-peptide con- 
centrations as was found for former placebo patients. 

As described above, 46 statistical twin pairs with com- 
plete records were formed to analyse the long-term effects 
of CsA after drug discontinuation. The statistical twins did 
not differ in entry characteristics from the total group of 
randomized patients and thus can be regarded as repre- 
sentative (Table 2). 

Cyclosporin A administration was discontinued at a 
mean of 13.8 +7.4 months (SD). Within 6 months the 
mean insulin dose more than doubled (+  111%) com- 
pared to a modest increase in the former placebo patients 
( + 21%) (Fig. 2 a). Similarly the significantly higher mean 
basal and stimulated C-peptide values of the CsA patients 
fell within half a year to the level of the former placebo pa- 
tients. Glycaemic control was transiently worse in the for- 
mer CsA patients (Fig. 2 a). 

Of a large number of biochemical and other parame- 
ters studied during the double blind phase of the study [3] 
four (serum creatinine, potassium, haemoglobin, systolic 
blood pressure) had shown a significant adverse effect of 
CsA. During follow-up after drug discontinuation all of 
the parameters remitted to the range of the former place- 
bo group within 6 months (Fig. 2 b). 

Because of the individual variation in serum creatinine 
values a single patient analysis was performed. As shown 
in Figure 3 each patient approached his pre-CsA level of 
serum creatinine after discontinuation of CsA. 

Discussion 

After  termination of double-blinding and discontinua- 
tion of the study drug, compliance of patients allowed a 
follow-up in the large majority of study participants. 
Compared to metabolic data shortly before termination 
of CsA therapy there was a striking increase in insulin 
dose, loss of Beta-cell function and worsening of gly- 
caemic control, i. e. basic parameters of the disease rapid- 
ly approached the level of the former placebo group. The 
twin analysis did not consider the small fraction of pa- 
tients who had not discontinued CsA during the follow- 
up. However, when these were included and compared to 
the total of former placebo patients, again no difference 
in metabolic control between the two groups existed 
(Table 1). 

We therefore conclude that the administration of CsA 
in recent onset Type i diabetes for a mean of 13.8 months 
did not have a long-lasting impact on the course of 
diabetes persisting beyond drug discontinuation. This 
conclusion may be at variance with follow-up data of for- 
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Before start of therapy After start of therapy 

12 months 18 months 24 months 

Insulin dose (IU. kg- 1. day- 1) 
Cyclosporin A 0.53 _+ 0.27 0.30 _+ 0.27 0.41 _+ 0.33 0.50 _+ 0.34 
Placebo 0.47 _+ 0.21 0.35 _+ 0.24 0.43 _+ 0.25 0.48 + 0.24 

Basal C-peptide (nmol/1) 
Cyclosporin A 0.22 _+ 0.09 0.26 b + 0.12 0.23 a .+ 0.13 0.18 _+ 0.22 
Placebo 0.23 _+ 0.11 0.21 _+ 0.12 0.19 _+ 0.12 0.18 • 0,24 

Stimulated C-peptide (nmol/1) 
Cydosporin A 0.33 _+ 0.16 0.43 a _+ 0.21 0.35 ~ _+ 0.21 0.25 _+ 0.16 
Placebo 0.39 _+ 0.22 0.36 _+ 0.23 0.29 _+ 0.21 0.31 _+ 0.32 

HbA~0 (%) 
Cyclosporin A 10.5 + 2.2 7.4 + 2.2 8.3 _+ 2.1 8.6 + 2.4 
Placebo 10.2 _+ 2.3 7.3 _+ 2.0 7.8 _+ 2.0 8.0 _+ 2.3 

Creatinine (gmol/1) 
Cyclosporin A 76 _+ 15 107 c _+ 33 93 c _+ 25 91 b _+ 22 
Placebo 79 _+ 13 80 _+ 13.8 81 • 14 81 _+ 11 

Haemoglobin (mmol/1) 
Cyclosporin A 8.8 _+ 0.9 8.2 c _+ 0.9 8.5 ~ _+ 0.9 8.8 _+ 1.0 
Placebo 8.8 _+ 0.8 9.1 • 0.9 9.1 + 0.9 9.1 • 0.9 

Systolic blood pressure (mmHg) 
Cyclosporin A 117 _+ 13 119 • t5 119 _+ 14 122 _+ 17 
Placebo 116 • 11 117_+ 14 115_+ 15 117_+ 14 

Potassium (mmol/1) 
Cyclosporin A 4.3 + 0.4 4.7 ~ _+ 0.5 4.3 _+ 0.4 4.3 _+ 0.4 
Placebo 4.3 _+ 0.4 4.3 _+ 0.3 4.2 • 0.3 4.3 _+ 0.3 

The numbers of patients available at the different dates are given in Figure 1. All the patients are documented, including those who did not 
discontinue CsA by 24 months. Given are mean values _+ SD. a p < 0.05; b p < 0.01; ~ p < 0.001 between CsA and placebo groups 

Table 2. Characteristics at entry of all patients and of statistical twin 
pairs 

All patients Statistical twins 

Cycto- Placebo Cyclo- Placebo 
sporin A sporin A 

Number (n) 93 95 46 46 
Sex 
Male (n) 74 72 36 36 
Female (n) 19 23 10 10 
Age at entry 
(mean.+SD) 21.5_+6.4 22.4_+5.0 21.0+6.1 21.4_+4.8 
Duration of sym- 
ptoms (weeks) 
(mean .+ SD) 3.9 .+ 2.7 4.0 _+ 2.6 4.1 .+ 2.8 4.0 _+ 2.7 
Insulin dose 
(IU- kg- ~. day- 1) 
(mean • SD) 0.53 • 0.27 0.48 • 0.22 0.55 • 0.32 0.46.+ 0.21 
HLA-type 
DR 3,x n (%) 18 (19) 25 (26) 7 (15) 8 (17) 
DR 4,x n (%) 36 (39) 43 (45) 22 (48) 24 (52) 
DR 3,4 n (%) 29 (31) 17 (18) 13 (28) 9 (20) 
DRx ,xn (%)  10(11) 10(11) 4(9) 5(11) 
nbAlc (%) 
(mean_+ SD) 10.8+2.1 10.4+2.6 10.2.+2.0 10.0+2.8 
C-peptide 
(nmol/l) basal 
(mean_+SD) 0.20+0.09 0.23+0.11 0.21_+0.07 0.20_+0.09 
stimulated 
(mean_+SD) 0.33_+0.21 0.40_+0.21 0.35_+0.15 0.35_+0.14 

m e r  C s A  pa t ien t s  in a single cen t re  of  the  F r e n c h  C s A  
mul t i cen t r e  t r ia l  [11]. In  tha t  s tudy the  be t t e r  Be ta -ce l l  
funct ion  in the  C s A  group  (but  no t  the  lower  insulin dose)  
seems  to have  been  p r e s e r v e d  for  at least  2 years  a f te r  
d rug  d i scont inua t ion .  Howeve r ,  these  d a t a  come  f rom a 
snmll cohor t  and  no a t t e m p t  was m a d e  to select  s ta t is t ical  
twins. A n  ear l ie r  open  s tudy  had  ind ica t ed  a r ap id  in- 
c rease  in insulin r e q u i r e m e n t s  a f te r  drug  C s A  discont inu-  
a t ion  [4]. 

A f t e r  12 mon ths  of  C s A  t r e a t m e n t  d o s e - d e p e n d e n t  
s ide-effects  were  o b s e r v e d  as has  b e e n  r e p o r t e d  pre-  
v iously  [3]. F o l l o w - u p  showed  no rma l i z a t i on  of  all abnor -  
mal  p a r a m e t e r s  wi th in  6 mon ths  of  d i scont inua t ion .  The  
four  m a j o r  p a r a m e t e r s  a re  d o c u m e n t e d  in this repor t .  
However ,  p rev ious  k idney  b iops ies  had  shown s t ruc tura l  
d a m a g e  ( m o d e r a t e  a r t e r io lopa thy ,  t ubu la r  a t r ophy  o r  in- 
te rs t i t ia l  f ibrosis)  in spec imens  f rom some  C s A  pa t i en t s  
[3]. K i d n e y  funct ion s tudies  in the  Dan i sh  cohor t  of  the  
s tudy ind i ca t ed  i n c o m p l e t e  normal•177 in t h ree  out  of  
n ine  pa t i en t s  [12]. Subsequen t  t r ials  with l ower  C s A  doses  
than  used  in this s tudy d id  no t  show rena l  in jury  in d iabe t ic  
pa t ien t s  [13-15]. 

In  conclus ion,  the  da t a  p r e s e n t e d  suggest  tha t  C s A  ad-  
min i s t r a t ion  t rans ien t ly  d e l a y e d  the  p rog res s ion  of  
Type  i d i abe te s  by  its p ro t ec t ive  ac t ion  on  Be ta -ce l l  func- 
t ion.  However ,  this effect  was rap id ly  lost af ter  d iscon-  
t i nua t ion  of  cyc lospor in  A.  We conc lude  tha t  the  drug  d id  
not  cor rec t  the  i m m u n o r e g u l a t o r y  i m b a l a n c e  b e t w e e n  
Beta -ce l l  des t roy ing  and  p ro tec t ive  act ivi t ies  in Type  1 
d iabetes .  
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the placebo group 
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