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Summary. Several studies have demonstrated the efficacy of 
cyclosporin A in modifying the initial course of Type 1 (in- 
sulin-dependent) diabetes mellitus in older children and 
adults but none have reported the effects in very young chil- 
dren. We treated 14 newly-diagnosed Type 1 diabetic patients 
aged 22 months to 95 months with cyclosporin A. Mean in- 
sulin dose at entry was 0.7 _+ 0.07 IU- kg-l - day -t. Initial 
cyclosporinA dose was 10mg.kg- l .day  -1. Insulin dose 
reached a nadir of 0.13 IU. kg- 1. day- z by 180 days. Mean glu- 
cagon-stimulated connecting peptide levels were maximal at 
6 months (0.75 nmol/1) and were maintained while on cyclo- 
sporin A. Insulin was discontinued in fourpatients for4,12,15 
and 30 months respectively. In five other patients the insulin 
dose was less than 0.15 IU. k g - I  day-~ for at least 3 months. 
Glycated haemoglobin levels for all patients were within the 
normal range. Side effects included anorexia, stomach pains, 
poor weight gain, hypertrichosis, gum hyperplasia, mild 
anaemia and elevated creatinine. All patients have now dis- 

continued cyclosporin A and all but one have been followed 
for 5 years after discontinuation. Reasons for discontinuing 
cyclosporin A included exposure to chicken pox (varicella), 
non-resolving otitis media, incomplete or no response and 
relapse. All side effects have resolved since the treatment 
was discontinued. Following discontinuation of cyclospo- 
fin A insulin requirements and glycated hemoglobin lev- 
els increased while glucagon-stimulated connecting peptide 
levels declined dramatically. In summary, a small number of 
very young patients treated with cyclosporin A achieved non- 
insulin requiring remissions while partial remiss ions occurred 
in several other patients and endogenous insulin production 
was maintained. Side effects to the drug occurred although 
there have been no long-term consequences. 

Key words: Cyclosporin A, Type i (insulin-dependent) 
diabetes mellitus, children, side effects. 

A number  of studies, including two randomized - double 
blind placebo controlled trials [1, 2] have now demon-  
strated the efficacy of cyclosporin A (CsA) in modifying 
the initial course of Type 1 (insulin-dependent) diabetes 
mellitus. Three recent reports  [3-5] have suggested that 
CsA may be particularly useful in treating young, newly- 
diagnosed patients between the ages o f  7-15 years since 
they show higher rates of non-insulin requiring remis- 
sions. Significant side effects, particularly nephrotoxicity, 
have limited the use of CsA in these patients. However,  
nephrotoxicity appears  to be dose related and does not 
occur, or is reversible, at lower doses [6]. 

This pilot study was initiated in 1983 following the en- 
couraging results of our early studies of CsA t reatment  of 
newly-diagnosed adults with Type 1 diabetes [7]. We 
wanted to assess the potential  benefits for young children 
as extreme variability in activity and diet make  conven- 
tional diabetes management  difficult in this age group. In 
addition very young children have only small amounts  of 
subcutaneous fat which often restrict the number  of injec- 

tion sites. CsA therapy was successful in some of these 
younger patients aged 22 months to 95 months. However,  
difficulties with administration of CsA, its side effects and 
variable results, resulted in discontinuation of CsA ther- 
apy in all of these patients. With the exception of one pa- 
tient these children have now been followed-up for a mini- 
mum of 5 years after discontinuation of CsA. This report  
summarizes the results of CsA therapy in this age group 
and their long-term follow-up. 

Subjects and methods 

Approval for this study was obtained from the Human Ethics Com- 
mittee at the University of Western Ontario. Patients ranged in age 
from 22 months to 95 months. Diagnosis of Type 1 diabetes was es- 
tablished by conventional means including classic symptoms in asso- 
ciation with gross elevations of blood glucose. Exclusion criteria in- 
cluded: a history of hepatic, renal or bone marrow disease, a history 
of malignancy, evidence of Epstein-Barr virus, cytomegalovirus or 
other uncontrolled infections or other contraindications to immuno- 
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Fig . la ,  h. Effects of cyclosporin A 
(CsA) therapy on haemoglobin levels 
(triangles) and bilirubin (squares). 
Values are shown as mean ( + SEM) 
post-entry to study while on CsA ther- 
apy (a, open symbols) and after discon- 
tinuation of CsA (b, closed symbols). 
The n for each time point varied slight- 
ly and for haemoglobin was: 13,12, 10, 
9, 5, 5, 2 and for bilirubin: 10, 9, 10, 9, 5, 
5, 2 at 0, 3, 6, 9,12, 15, 18 months respec- 
tively post-entry while on CsA. Follow- 
ing discontinuation of CsA the n : 10, 
12,11, 9, 9,10, 9, 6, 8, 3, 6, for haemo- 
globin and 8, 10,10, 9, 9, 8, 9, 6, 7, 4, 5, 
for bilirubin at 0, 6, 12,18, 24, 30, 36, 42, 
48, 54, mad 60 months respectively 

suppression. All but two of the patients were entered into the study 
within 6 weeks of diagnosis of diabetes. The remaining two patients 
were started within 7 and 11 weeks following diagnosis. Patients 
were entered into this study on a case-by-case basis following discus- 
sion of potential side effects of CsA therapy with the families and 
after obtaining informed consent. The goals of therapy were similar 
to those previously reported for the Canadian European ran- 
domized control trial [2]. In brief, we attempted to keep before meal 
and before bedtime glucose levels less than 7.8 mmol/1 and glycated 
haemoglobin levels within the normal range. 

At the start of therapy patients were admitted to hospital for sta- 
bilization of blood glucose. Cyclosporin A treatment was initiated 
while in hospital at a dose of 10 rag- kg- 1. day- 1 in two divided oral 
doses. The CsA dose was adjusted to maintain serum trough levels 
between 150-350 ng/ml as determined by a polyclonal radioimmu- 
noassay. The antibody was kindly provided by Sandoz (Basel, Swit- 
zerland). Blood was obtained at the start of the study for baseline 
measurements. Patients were seen at frequent intervals following di- 
agnosis at which time laboratory studies were repeated, blood pres- 
sure, height and weight were recorded. Insulin adjustments were 
made to minimize the dose of insulin while maintaining target gly- 
caemic control. Endogenous insulin secretion was assessed every 
3 months with 1 mg glucagon administered i.v. following an over- 
night fast. Blood samples were collected for connecting peptide 
levels at 0 and 6 rain following injection. 

Patients were considered to be in remission if they maintained 
target glycaemia without the need for exogenous insulin or partial 
remission if they required less than 0.15 IU-kg -1 .day 1 s.c. for at 
least 2 weeks. A diagnosis of relapse was made if there was deterior- 
ation in glycaemic parameters or a necessary increase in insulin re- 
quirements beyond 0.15 IU. kg- 1. day 1 s.c. for more than 4 weeks 
in order to maintain target glycaemic control or both in which case 
cyclosporin A was then discontinued. Patients who did not achieve 
insulin doses of less than 0.15 IU- kg 1. day- 1 were considered to be 
non-responsive. 

R e s u l t s  

Four teen  pat ients  (four male,  ten female)  en te red  the 
study ranging in age f rom 22 mon ths  to 95 months .  The  
mean  age at ent ry  was 5.4 _+ 0.6 years. With the except ion 
of  two patients,  all others were enrol led in the study within 
6 weeks  of  diagnosis and the remaining two were entered  

at 7 and 11 weeks  following diagnosis. The  m e a n  dura t ion 
f rom diagnosis to initiation of  C s A  in the 12 patients was 
11.3 + 2 days. Ninety- three  percent  of  the patients were  
H L A  DR3  positive, D R 4  positive or  both.  One  pat ient  
was discont inued f rom the study 7 days after initiating 
CsA therapy due to exposure  to  chicken pox (varicella), 
this pat ient  was not  included in the data analysis. The re- 
maining 13 patients were  cont inued on CsA therapy for  
varying lengths of  time. CsA  was discont inued for  a vari- 
ety of  reasons, one  pa t i en twas  discont inued due to expo- 
sure to chicken pox at 10 days. Three  pat ients  discontinu- 
ed CsA therapy at 3, 8 and 9 months  respectively, due to 
non-resolving otitis media.  Six patients discont inued Cs A 
at 3, 4, 6,10 (two patients)  and 16 months  respectively, due 
to an inability to discontinue exogenous  insulin a l though 
five of  these had  insulin requi rements  of  less than 0.15 I U .  
kg -  1. d a y -  1 for  more  than 3 months.  Four  patients who 
had unde rgone  a non-insulin requiring remission, discon- 
t inued CsA therapy at 9, 16, 22 and 36 months  respective- 
ly, due to their loss of  a non-insulin-requir ing state. There  
were  no obvious differences in the achieved degree  of  gly- 
caemic control  during the initial (10 to 14 days) t rea tment  
per iod with CsA to account  for  the response  to CsA. Of  
the four  patients who discont inued insulin three were fe- 
male. All  s tar ted CsA within 4 weeks of  diagnosis. Their  
ages at the start of  CsA  therapy  were  39, 77, 78 and 
95 months .  Thus, they t ended  to be o lder  and had  a short  
dura t ion of  diabetes.  Nei ther  pat ient  who  started Cs A 
therapy beyond  6 weeks  after  diagnosis achieved even a 
partial  remission (less than 0.15 I U .  kg -1. day-1 of  insu- 
fin). O f  the*13 pat ients  on CsA five were  lost to fol low-up 
at various times after discontinuing CsA. 

Side effects of CsA therapy 

Both  minor  and major  side effects to  CsA  therapy were  
seen in these patients. Minor  side effects included gingival 
hyperplasia  (most  patients),  hypertr ichosis  (most  pa- 
tients), anorexia  (occasional)  and abdomina l  pains (occa- 
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Fig.2a,  b. Effects  ofcyclospor in  A 
(CsA) on diastolic blood pressure (trian- 
gles), creatinine (squares) and creatinine 
clearance (circles). Values are shown as 
the mean ( + SEM) by the open symbols 
post-entry into study while on CsA ther- 
apy (a) and following discontinuation of 
CsA therapy by the closed symbols (b). 
The n for each time point varied slightly 
and for diastolic blood pressure was: 7, 8, 
9, 8, 5, 5, 2 while creatinine was: 13,12, 
10, 9, 5, 5, 2 and creatinine clearance 
was: 10, 12, 10, 9, 5, 5, 2, at 0, 3, 6,9, 12, 15 
and 18 months respectively post-entry 
while on CsA. Following discontinua- 
tion of CsA: the n for diastolic blood 
pressure was: 8,12, 11, 9, 6, 9, 7, 8, 7, 3, 7, 
for creatinine: 9, 13,12, 8, 9, 9, 8, 6, 8, 4, 7 
and for creatinine clearance: 10,11,11, 9, 
8, 10, 8, 6, 8,4, 7, at 0, 6,12,18, 24, 30, 36, 
42, 48, 54 and 60 months respectively 

sional). As shown in Figure 1, haemoglobin decreased on 
CsA therapy. Haemoglobin decreased from a mean of 
130.8 + 11.8 g/1 at the start of CsA therapy to 97.5 + 3.5 g/1 
at 18 months. The decline in haemoglobin was not serious 
enough to discontinue CsA. There was little, if any, effect 
on serum bilirubin measurements. As shown in Figure 2, 
diastolic blood pressure tended to increase on CsA 
therapy although there was considerable variability. Se- 
rum creatinine levels increased on CsA from a mean 
of 42.1 _+ 3.3 gmol/1 to a high of 102 + 13.0 gmol/1 at 
18 months in the remaining two patients. Calculated crea- 
tinine clearance (Cockroft-Gault  formula) declined in pa- 
tients on CsA from a mean value at the start of therapy of 
1.28 + 0.69 ml/s to a nadir of 0.65 + 0.31 ml/s at 18 months. 

Growth was generally unaffected by CsA therapy in 
both male and female patients with a minor decrease in 
the linear growth of one male and one female patient. This 
was not considered significant and CsA was not discon- 
tinued. In addition, diminished appetite occurred in some 
patients, and close dietary supervision was necessary to 
maintain adequate caloric intake. 

Metabolic effecs of CsA therapy 

Non-insulin requiring remissions were achieved in four 
patients, who at the start of therapy were 39, 77, 94 and 
78 months of age. The duration of the non-insulin requir- 
ing remissions were 4, 12, 15 and 30 months, respectively. 
The one patient who remained insulin-free for 1 year had 
a brief (2 week) relapse at 6 months followed by a second 
non-insulin requiring remission which lasted 4 months be- 
fore another relapse occurred. In an additional five pa- 
tients, the insulin requirements declined to less than 
0.15 IU.  kg-  1. day-  1 for more than 3 months. 

As shown in Figure 3 the mean dose of insulin declined 
to a low at 6 months of 0.13 IU. kg- l -day  -1. The two pa- 
tients still on CsA therapy at 18 months did not require in- 
sulin. The mean values of glucagon-stimulated connecting 
peptide (GSCP; Fig.3) were maximal at 6months  
(0.75 nmol/1) and remained stable until discontinuation of 

CsA. Finally, glycated haemoglobin levels declined to a 
minimum of 8.9 % at 3 months and then remained con- 
stant while on CsA therapy. The normal range for the 
colorimetric glycated haemoglobin in our laboratory was 
7.8 + 0.92 %. 

Side effects of post-discontinuation of CsA 

All CsA-related side effects resolved shortly after discon- 
tinuing CsA. These included the cosmetic (gingival hyper- 
plasia, hypertrichosis) as well as other minor side effects 
such as abdominal cramps and decreased appetite. More 
significant side effects noted during CsA therapy im- 
proved following discontinuation. Haemoglobin pro- 
gressively increased and returned to normal values while 
bilirubin concentrations did not show any significant 
change (Fig. 1). Diastolic blood pressure decreased slight- 
ly following discontinuation of CsA therapy while crea- 
tinine decreased and creatinine clearance increased 
(Fig. 2). Growth has been normal (data not shown). 

Metabolic parameters post-discontinuation of CsA (Fig. 3) 

Insulin requirements increased steadily following discon- 
tinuation of CsA therapy. This was accompanied by a de- 
cline in GSCP levels. By 24 months following discontinua- 
tion there was no measurable GSCP in any patient. 
Glycated haemoglobin levels increased to a maximum of 
14.5 %, 54 months following discontinuation of CsA ther- 
apy. 

Discussion 

Stiller and colleagues [8] initially suggested a possible 
therapeutic role for CsA therapy in treating individuals 
with Type i diabetes. Their  initial studies on diabetes- 
prone BB/W rats indicated that CsA therapy could pre- 
vent diabetes and insulitis in these animals. Subsequently, 
they reported that CsA therapy in newly-diagnosed indi- 
viduals with Type i diabetes resulted in non-insulin re- 
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Fig.3a, b. Metabolic effects ofcyclo- 
sporin A (CsA) therapy. The mean 
( + SEM) for glycated haemoglobin 
(circles), daily insulin dose (triangles) 
and glucagon-stimulated connecting 
peptide (squares) are shown post- 
entry into study while on CsA therapy 
(a) and following discontinuation of 
CsA therapy (b). The number of chil- 
dren included at each time point were 
similar and are as follows: 13, 13, 10, 9, 
5, 5,2, at 0, 3, 6, 9, 12, 15 and 
18 months post-entry while on CsA 
and 12, 11, 10, 9, 8, 10, 9, 8, 6 and 8 at 0, 
6, 12, 18, 24, 30, 36, 42, 48, 54 and 
60 months respectively after CsA was 
discontinued. Glucagon-stimulated 
connecting peptide (GSCP) levels 
were measured only until the values 
fell below the sensitivity of the assay 

quiring remissions in some of these patients [7]. A number 
of additional studies have confirmed the efficacy of CsA 
in inducing non-insulin requiring remissions [1-5, 7, 9-11]. 
Two randomized control trials reported 30 %-40 % of pa- 
tients remained in non-insulin requiring remission at 
9 months and 1 year of therapy, respectively [2, 3]. Addi- 
tionally, endogenous insulin secretion was preserved and 
GSCP levels were near-normal [1]. Patients most likely to 
enter a non-insulin requiring remission were those who 
had symptoms for le, ss than 6 weeks, less than 3 weeks of 
insulin therapy, or both. Bougnhres et al. [2] reported that 
CsA therapy in children between the ages of 7 and 
15 years of age, was associated with a non-insulin requir- 
ing remission in approximately 50 % of patients for up to 
1 year of treatment. Results from the Canadian Open 
Study of CsA therapy in newly-diagnosed Type I diabetes 
suggested that the possibility for remission is greater in 
older patients [10]. 

Given the encouraging results in older patients this 
study was initiated to examine the potential benefit of 
CsA therapy in children with newly-diagnosed diabetes. 
The results of this study indicate that CsA therapy does 
have an effect in inducing remissions in some young chil- 
dren. Four of 14 (29 %) patients were able to achieve non- 
insulin requiring remissions including three with remis- 
sions ranging from 1 to 2.5 years. Five other patients 
(36 % ) were able to reduce their insulin requirements to 
less than 0.15 IU-kg- l -day  -~ for more than 3 months. 
Given the small number of patients it is not possible to as- 
sess which, if any, factors determined the response to CsA. 
In general however, they were older with a short duration 
between diagnosis and initiation of CsA (for three pa- 
tients, less than 2 weeks). There were no differences in the 
initial GSCP or glycaemic control. As noted above, this is 
similar to the findings of the Canadian European Ran- 
domized Trial [2] which reported that a non-insulin re- 
quiring remission was more likely in short-duration 
diabetes. Side effects from CsA, in particular renal tox- 
icity, frequently nece, ssitated a decrease in the CsA dose. 

This was associated with an increase in insulin require- 
ments in the majority of these patients. The small number 
of children in this study who were able to discontinue in- 
sulin may suggest that Type 1 diabetes is more advanced 
or more aggressive by the time the diagnosis is made in 
this younger group of patients. Endogenous insulin se- 
cretory activity as measured by GSCP was maintained on 
CsA even though patients in remission eventually re- 
lapsed. This is supported by the results of Bougn6res et al. 
[12] who found that children 7 to 15 years of age in re- 
mission eventually relapsed while being treated with CsA 
despite maintained GSCP levels. They speculated that the 
reduced Beta-cell mass at diagnosis may have been inca- 
pable of maintaining normal insulin sensitivity. Similar 
evidence has been reported recently by Finegood et al. 
[13]. Thus, CsA therapy may prevent additional Beta-cell 
Ioss but the residual mass may be too little by the time of 
diagnosis and initiation of CsA therapy. 

Side effects from CsA therapy have been consistent 
through various studies to date and include hypertri- 
chosis, gum hyperplasia, normocytic, normochronic anae- 
mia, headache, tremor, peripheral paraesthesias and 
gastrointestinal upset. We observed similar side effects in 
this study. In addition, anorexia was a problem in several 
patients and required careful monitoring of dietary in- 
take, to avoid significant weight loss or lack of weight gain. 
More serious side effects from CsA include serious infec- 
tion, lymphoproliferative disease and nephrotoxicity. In 
all studies of CsA therapy in Type 1 diabetes there have 
been no reported life-threatening infections [14,15]. Simi- 
larly in this study there appeared to be no increase in rates 
of infection, however, in three children otitis media ap- 
peared to be more difficult to control and eventually re- 
suited in discontinuation of CsA therapy. There have been 
no reports to date of lymphoproliferative disease in pa- 
tients undergoing CsA therapy for diabetes. Epstein-Barr 
virus is associated with increased risk of lymphoprolif- 
erative disease in immunosuppressed patients [16-18]. 
Therefore, monitoring of Epstein-Barr virus infection is 
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essential in treating individuals with CsA although no pa- 
tients in this study became infected while on CsA therapy. 
Finally, nephrotoxicity is a frequent complication of CsA 
therapy. It has been noted in all studies to date and ap- 
pears to be dose-dependent  [1, 2, 9]. Histological evidence 
of dose-dependent  CsA toxicity has been  reported in pa- 
tients with Type 1 diabetes and CsA therapy [6]. In doses 
less than 5 mg.  kg-1. day-1, with whole blood trough lev- 
els less than 300 ng/ml in adults or 600 ng/ml in children or 
both, there does not appear  to be any histological renal 
toxicity. In this study calculated creatinine clearance de- 
clined while on CsA therapy. Following discontinuation of 
CsA creatinine clearance increased and returned to nor- 
mal values. A decline in creatinine clearance of greater 
than 30 % prompted  a decrease in CsA therapy which fre- 
quently resulted in a decline in endogenous insulin secre- 
tion in addition to an increase in insulin requirements.  
More sensitive indicators of renal toxicity may have dem- 
onstrated minor changes in renal function. However,  as 
discussed above the blood levels of CsA in these patients 
have not been associated with histological renal toxicity 
[6]. In the eight patients still being followed-up in our 
clinic all but one have microalbuminuria less than 
30 gg/min more  than 6 years after discontinuing CsA. The 
other patient is a 16-year-old male who had a non-insulin 
requiring remission for 15 months. Eighty-nine months 
after discontinuing CsA he had microalbuminuria of 
52.3 gg/min. It  is difficult to determine whether  this is due 
to CsA nephrotoxicity, diabetes or both. 

All side effects f rom CsA therapy disappeared follow- 
ing its discontinuation. For the period of post-CsA obser- 
vation, which is now 5 years for all but one patient, there 
have been no significant side effects. Growth and renal 
function have been normal,  and normal  growth has also 
been reported in children who have received a renal trans- 
plant and are on CsA therapy [19, 20]. 

In summary, CsA had limited efficacy in modifying the 
initial course of Type i diabetes in this very young age 
group. Although several side effects of CsA were noted all 
of these were reversible following discontinuation of CsA 
and there have been no long-term effects. 

The efficacy of CsA in newly-diagnosed patients with 
Type 1 diabetes suggest a role for immunomodula t ion  
once a safe therapy is available. However,  the results of 
this study indicate that treating very young children at the 
time of diagnosis may  be too late for most  to achieve a 
non-insulin requiring remission. Future intervention 
studies should be directed at treating the pre-clinical state 
such as that recently reported by Elliott and Chase [21], 
using nicotinamide. 
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