
At the end of the 1980s, cyclosporin A and azathio-
prine were the first drugs reported to increase beta
cell function and reduce the insulin requirements of
patients with Type I diabetes of recent clinical onset.
Remission in insulin dependency occurred in
40±60% of patients treated soon after diagnosis with
cyclosporin A (at daily doses of 6±8 mg/kg), but in
only 20±30% of those given placebo [1, 2, 3]. Chil-
dren with cyclosporin-induced remissions were able
to reduce insulin injections and maintain good gly-

caemic control for a mean ± SD period of
11 ± 1 months [4]. Three years after stopping cy-
closporin, small beneficial effects were still observed
in terms of C peptide concentrations, insulin require-
ments and quality of glycaemic control [5, 6].

While no significant adverse effect was detected in
the 83 juvenile diabetic patients followed for more
than 10 years in our study cohort [5, 7], higher doses
or older age of patients, or both, were associated
with renal toxicity in a meta-analysis of cyclosporin
trials [7]. Azathioprine, at a daily dose of 2 mg/kg,
also showed positive effects, although to a lesser de-
gree [8, 9]. Thereafter, because of their potential tox-
icity and transitory effects, and despite encouraging
results, the two immunosuppressive drugs did not un-
dergo therapeutic development in Type I diabetes.
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Summary The quinoline-3-carboxamide, linomide,
protects non-obese diabetic mice from diabetes. The
effects of linomide on insulin needs and beta cell
function were studied in recent juvenile Type I diabe-
tes in a double-blind trial. Patients with recent onset
diabetes were randomly assigned to treatment with a
fixed dose of 2.5 mg linomide (42 patients) or placebo
(21 patients) for 1 year, in addition to insulin and diet.
Glycated haemoglobin was 10±15% lower at
9 months (p = 0.003) and 12 months (p < 0.05) in the
linomide group. The insulin dose was 32±40% small-
er in the linomide group at 3 (p < 0.03), 6 (p < 0.02),
9 (p < 0.001) and 12 months (p = 0.01). Insulin doses
correlated negatively with C peptide values
(p = 0.001±0.002). The trend for higher C peptide val-
ues in the linomide group did not reach significance.
In a post hoc subgroup analysis performed in 40 pa-
tients (25 from the linomide group and 15 from the
placebo group) who still had detectable residual beta

cell function at entry, linomide was associated with
45±59% higher C peptide value at 6 months
(p < 0.05), 9 months (p < 0.05) and 12 months
(p < 0.05). The main adverse effects of linomide
were mild transitory anaemia (45 vs 10% in the lino-
mide and placebo groups), thrombocytopenia (24 vs
10%), and mild joint discomfort (45 vs 5%) with no
clinical signs. In conclusion, low-dose linomide re-
duced the insulin needs in patients with juvenile
Type I diabetes of recent onset and improved beta
cell function in patients who still had detectable beta
cell function at entry. These results support further
clinical and experimental studies to define the effects
of linomide in Type I diabetes provided the safety of
linomide is reliably established. [Diabetologia (1998)
41: 1040±1046]
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Instead, expert committees recommended that only
immunomodulating approaches should be attempted
to prevent the beta cells of diabetic patients from
complete destruction [10, 11]. Since then, no new
drug has shown any consistent efficacy in diabetes in
humans.

We report the results of the first clinical trial of lin-
omide in patients with Type I diabetes of recent on-
set. This immunomodulatory drug has shown its effi-
cacy in experimental models of autoimmunity or cell
destructive processes or both (see discussion) [12,
13]. More specifically, linomide prevents the autoim-
mune destruction of beta cells in diabetes-prone
non-obese diabetic mice [14]. Type I diabetes of juve-
nile and of adult onsets differ with regard to HLA
DR genotypes, the prevalence of autoimmune mark-
ers and the course of disease [15, 16]. In the present
study, we investigated the effect of low-dose linomide
in juvenile patients with recent clinical onset of Type
I diabetes.

Subjects and methods

Selection of patients. Eligibility criteria for inclusion in the
study were age 10±20 years and definite manifestations of re-
cent Type I diabetes [17]. Exclusion criteria were: ketoacidosis,
duration of insulin therapy more than 10 days after diagnosis,
non-immune mediated diabetes, risk of pregnancy, previous
or current use of immunomodulatory or immunosuppressive
therapy, and other serious illnesses. Altogether 63 diabetic pa-
tients (35 male and 28 female) were included in the study. Clin-
ical characteristics of the subjects, including the 40 with detect-
able beta cell function at entry, are presented in Table 1.

Parents and children received detailed information about
the potential side effects of linomide. They were told clearly
that there was no guarantee of short, middle, or long-term
medical benefit from linomide, and that the long term effects
of the drug were still undefined. The therapeutic trial was ap-
proved by Cochin Institutional Review Board, and written
consent was obtained from the participants and their parents.

One patient was excluded during the course of the trial af-
ter MODY3 was diagnosed in her father [18].

Insulin therapy and glycaemic control. As soon after diagnosis
as possible, eligible patients were referred to the Paediatric Di-
abetes Unit of Saint Vincent de Paul Hospital. They were
treated with three, occasionally two, daily injections of regular
and longer-acting insulins and a normocaloric diet containing
45 to 50 % carbohydrates. Capillary blood glucose was mea-
sured three times daily with reactive strips and reflectance me-
tres. Children were instructed to modify their insulin doses to
maintain preprandial capillary blood glucose values of be-
tween 60 and 140 mg/dl and postprandial values below
200 mg/dl. Glycosylated haemoglobin was determined at entry
and at 1, 3, 6, 9, 12 months (Diamat, BioRad, Richmond, Calif.,
USA) (normal value: 5.0 ± 0.7 %, SD). Weekly phone calls to a
specialised nurse and one of us (RC) allowed the insulin dose
to be adjusted correctly. Insulin was actively reduced by
10±20 % when all capillary blood glucose concentrations in a
one week period were less than 100 mg/dl in a patient whose
monthly glycosated haemoglobin was less than 6.5 %. Food in-
take was assessed blindly by dieticians as reported [19].

Randomisation procedure. A computer generated randomisa-
tion list was supplied by Pharmacia (Uppsala, Sweden), who
packed medication according to this list. All patients who ful-
filled the inclusion criteria were given a treatment allocation
number according to their chronological order of entry into the
study (consecutive numbers were allocated and no number was
avoided). Randomisation (that is, when the patient was given a
specific treatment allocation number according to the randomi-
sation list) took place the same day as the start of the study treat-
ment. Blinding was maintained by using identical tablets of lino-
mide and placebo, packed in glass jars with a label that had a de-
tachable portion to be used for accountability records. Identifi-
cation of treatments was possible only by opening the sealed en-
velopes kept by the investigator for emergency purposes.

Patients were divided into two groups, and the randomisa-
tion procedure was blocked to ensure a ratio of 2:1 between
the linomide and the placebo group. Forty two patients (group
I) were given a fixed dose of 2.5 mg of linomide (Roquinimex,
Pharmacia) once daily, and 21 patients (group II) were given
placebo. The individual daily linomide dosage ranged from
0.03 to 0.09 mg/kg.

At the end of study, all the envelopes were returned un-
opened to Pharmacia and the code was broken. Patients whose
stimulated C peptide value was ³ 0.20 pmol/ml were invited to
continue with linomide treatment.

Procedural and analytical methods. Just before entry in the tri-
al, C peptide tests were performed after 4±8 days of intensive
insulin treatment and good metabolic control, and following
24 h in which the preprandial capillary blood glucose value
was maintained between 60 and 140 mg/dl. During the study,
C peptide tests were performed in comparable conditions after
48 h of in-hospitabl normocaloric diet and glycaemic control
[5]. Plasma C peptide concentrations were measured 0 and
6 min after an intravenous injection of 1 mg of glucagon, and
following an overnight fast, without prior administration of in-
sulin. C peptide was measured with M1221 antiserum (Novo
Nordisk, Bågsvaerd, Denmark). The lower limit of detection
was 0.02 pmol/l, the average precision 14 % at 0.05 pmol/ml
and 3 % at 0.3 pmol/ml.

Islet cell antibodies were measured blindly, and results
were expressed by comparison with a standard reference se-
rum [20]. Anti-GAD autoantibodies were measured using in
vitro transcribed and translated recombinant human 35S-
GAD65 [21], and expressed as a GAD index, related to stan-
dard samples from 1996 Immunology Diabetes Workshop.
Anti-IA-2 autoantibodies were measured using in vitro tran-
scribed and translated recombinant human 35S-ICA 512/IA-2
(256±979) [22], and expressed as IA-2 index. Insulin autoanti-
bodies were measured as reported [23].

Adverse effects. All patients were admitted to hospital at Saint
Vincent de Paul at study entry, and then at 1, 3, 6, 9, and
12 months. They had additional routine clinical and biological
examinations at 1, 2, and 3 weeks. We performed a precise clin-
ical examination of the muscle-skeletal system, as well as mea-
suring biological parameters of kidney, liver and gonadic func-
tions, blood cell counts, immunoglobins, and muscle enzymes
at each admission to hospital. Cardiac ultrasonography was
performed every 3 months in all subjects. All events observed
by the investigators (signs) or reported spontaneously by the
patients (symptoms) were recorded in the case report form,
with information on their seriousness, date of occurrence, du-
ration, severity and the action taken regarding the studied
drug. The description given by the investigator was converted
to the classification used by the Adverse Reaction Terminolo-
gy Dictionary of WHO.
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Statistics. Analysis was based on the two treatment groups.
Qualitative data were compared using the chi-square test.
Quantitative data were compared using the two tailed un-
paired Student's t test for group comparison. Repeated mea-
sures with time varying covariates were performed to ex-
plore the relation between the dose of insulin and the type
of treatment as a grouping factor, the visits as within-sub-
jects factors and glycated haemoglobin and C peptide as
time varying covariates at times 0, 1, 3, 6, 9, and 12 months.
We considered the insulin dosages with adjustment on the
glycated haemoglobin values ± that is, adjustment of the gly-
cated haemoglobin level was performed to explore whether,
at a given level, the insulin doses were different in the lino-
mide and placebo groups. We also performed a post hoc
subgroup analysis by comparing linomide and placebo treat-
ment in those patients who still had measurable residual
beta cell function at entry. All values are expressed as
mean ± SEM.

Results

Whole population. The two randomised groups were
comparable at diagnosis, except for a non-significant
trend for duration of nycturia, glycated haemoglobin
values and weight loss to be greater in the linomide
group (Table 1).

Glycated haemoglobin values at 1 month re-
mained higher (p < 0.001) in the linomide group as a
consequence of the higher values at entry. Thereafter,
glycated haemoglobin values were comparable for
some time, then became lower in the linomide group
at 9 months (6.8 ± 0.2 vs 8.0 ± 0.4% (p = 0.003)) and

12 months (7.2 plus 0.2 vs 7.9 ± 0.3% (p < 0.05))
(Fig.1A).

To reach such control, linomide-treated patients
required 32±40% less insulin than the control
(Fig.1B). The daily insulin doses in the treatment
compared with the placebo group were 0.24 ± 0.03
U/kg and 0.39 ± 0.06 U/kg at 3 months (p < 0.03),
0.34 ± 0.03 U/kg and 0.54 ± 0.08 U/kg at 6 months
(p < 0.02), 0.43 ± 0.04 U/kg and 0.72 ± 0.08 U/kg at
9 months (p < 0.001) and 0.54 ± 0.05 U/kg and
0.77 ± 0.05 U/kg at 12 months (p < 0.01). The effects
of treatment with linomide compared with placebo
on insulin doses were found to be significant
(p = 0.01) by repeated measures with glycated hae-
moglobin as a time-varying covariate. In summary,
the insulin doses of the linomide-treated patients,
whose mean glycated haemoglobin value was lower,
were only 60% of those of the control group from 6
to 12 months. Patients were encouraged to maintain
insulin injections even at minimal dosages, and there-
fore none stopped injecting.

Differences in plasma C peptide concentrations,
despite a consistent trend towards slightly higher val-
ues in linomide-treated patients, did not reach signifi-
cance (Fig.1C). Patients treated with linomide had an
increased ratio of stimulated serum C peptide to glu-
cose between months 6 and 12 of the trial (p < 0.05).
At months 3, 6, 9 and 12 of the trial, C peptide values
correlated negatively with insulin doses, with correla-
tion coefficients ranging from 0.46 to 0.54
(p = 0.002±0.001).
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Table 1. Clinical characteristics of subjects at inclusion in the study

All patients Patients with stimulated
C peptide > 0.1 pmol/ml

Linomide
(n = 42)

Placebo
(n = 21)

Linomide
(n = 25)

Placebo
(n = 15)

Age (y) 13.5 ± 0.4 12.9 ± 0.4 13.8 ± 0.5 13 ± 0.4
Sex (M/F) 26/16 9/12 16/9 7/8
Weight loss (kg) 3.6 ± 0.5 1.9 ± 0.5 4.3 ± 0.8 1.8 ± 0.5
Weight loss as % of body weight 7 ± 0.9 5 ± 1 8 ± 1 4 ± 1
Duration of nycturia (days) 41 ± 6 30 ± 6 48 ± 9 34 ± 8
Duration of insulin (days) 6 ± 0.5 6 ± 0.5 7 ± 1 7 ± 1
Glycated haemoglobin (%) 13.0 ± 0.4 11.9 ± 0.5 13.1 ± 0.5 12.1 ± 0.4
Daily insulin dose (U/kg) 1.2 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 1.1 ± 0.1

C peptide (pmol/mg)
Fasting 0.09 ± 0.01 0.09 ± 0.01 0.12 ± 0.01 0.11 ± 0.01
Stimulated 0.18 ± 0.02 0.18 ± 0.02 0.26 ± 0.02 0.23 ± 0.02

Islet cell antibody (ICA) positive (%) 30/42 (71) 12/21 (57) 19/25 (76) 8/15 (53)
GAD positive (%) 27/42 (64) 14/21 (67) 15/25 (60) 9/15 (60)
IA-2 positive (%) 21/42 (50) 12/21 (57) 15/25 (60) 8/15 (53)
Insulin auto-antibody (IAA) positive (%) 9/42 (21) 8/21 (38) 6/25 (24) 5/15 (33)
ICA, GAD, IA-2, and IAA neg (%) 6/42 (14) 4/21 (19) 3/25 (12) 4/15 (27)

HLA genotype
HLA DR3, DR4 (%) 12/42 (29) 7/21 (33) 8/25 (32) 5/15 (33)
HLA DR3, X (%) 16/42 (38) 4/21 (19) 8/25 (32) 4/15 (27)
HLA DR4, X (%) 10/42 (24) 10/21 (48) 5/25 (20) 6/15 (40)
HLA not DR3, not DR4 (%) 4/42 (9) 0/21 (0) 4/25 (16) 0/15 (0)

Mean values during the first week of insulin therapy



Neither the presence or the titre of islet cell anti-
bodies, GAD, IA2 or insulin autoantibodies, nor
age, sex, duration of symptoms, degree of weight
loss at diagnosis, nor the linomide posology per kg
body weight were predictive of changes in insulin
needs or C peptide in response to linomide. C peptide
values at diagnosis showed some degree of prediction
of values at 12 months (y = 0.6 ´ + 0.22, r = 0.36,
p < 0.02).

At one year, 33 of 42 linomide treated and 20 of 21
control patients had insulin autoantibodies (NS). In-
sulin antibodies increased during the 12 month study
in all patients (p < 0.001), but were lower in linomide
treated patients at one year (3.4 ± 0.4% vs
13.4 ± 1.8% (p < 0.001). At one year, 25 of 42 lino-
mide and 11 of 21 control patients had islet cell anti-
bodies (NS). The titre of islet cell antibodies de-
creased significantly in both groups (p < 0.001).
GAD antibodies were unchanged, and the reduction
in IA-2 antibodies was significant only in the lino-
mide treated group (from 40 ± 7 at diagnosis to
31 ± 6 at 1 year (p < 0.01) (normal < 1.4).

We observed no correlation of any of the observed
effects with linomide dosage per kg body weight.

Subgroup with detectable beta cell function at diagno-
sis. The post hoc subgroup analysis in patients who
still had detectable residual beta cell function at entry
gave the following results. Among the linomide pa-
tients, 25 of 42 (59%) had an initial stimulated C pep-
tide value greater than 0.1 pmol/ml, at entry com-
pared with 15 of 21 (72%) in the placebo group.
These patients were selected to compose two sub-
groups. The linomide and placebo subgroups with de-
tectable beta cell function at entry were comparable
with respect to C peptide levels and other inclusion
criteria (Table 1). However, the linomide group had
a tendency for longer disease duration, greater
weight loss and higher glycated haemoglobin.

In patients who still had detectable beta cell func-
tion at entry, linomide treatment was associated with
lower glycated haemoglobin values than in the place-
bo group at 9 months (6.9 ± 0.2 vs 8.1 ± 0.6%
(p = 0.02)), then with comparable values at
12 months (7.3 ± 0.2 vs 7.5 ± 0.3%) (Fig.2A).

The daily insulin doses of the 25 diabetic children
with detectable beta cell function were 35±43%
smaller in the linomide than in the placebo group
±0.34 ± 0.05 vs 0.56 ± 0.1 U/kg at 6 months (p =
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Fig.1A±C. Evolution of glycated haemoglobin (A), insulin
dose (B) and glucagon-stimulated plasma C peptide (C) in the
two groups of patients: those receiving linomide (R) and those
receiving placebo (U). Data analysis is given in the Results
section

A

B

C

Fig.2A±C. Evolution of glycated haemoglobin (A), insulin
dose (B) and glucagon-stimulated plasma C peptide (C) in the
40 patients who still had detectable beta cell function at entry
into the trial. Twenty five of them received linomide (A) and
15 placebo (*). Data analysis is given in the Results section



0.05), 0.43 ± 0.06 vs 0.75 ± 0.1 U/kg at 9 months
(p = 0.008) and 0.52 ± 0.06 vs 0.79 ± 0.1 U/kg at
12 months (p = 0.03) (Fig.2B).

Plasma C peptide concentrations were greater in
the linomide subgroup than in the placebo-treated
subgroup of patients ± 0.54 ± 0.07 vs 0.34 ± 0.04
pmol/ml at 6 months (p < 0.05), 0.45 ± 0.04 vs 0.31 ±
0.05 pmol/ml at 9 months (p = 0.05), 0.38 ± 0.04 vs
0.25 ± 0.05 pmol/ml at 12months (p < 0.05). Patients
treated with linomide had an increased ratio of stimu-
lated serum C peptide to glucose from 6 to 12 months
of trial (p < 0.02). The only predictive parameter of
the response to linomide was the plasma glucagon
stimulated C peptide at entry in the trial.

Linomide toxicity. No serious adverse event occurred
and blinding was maintained for all patients until the
end of the study. No patient withdrew from the treat-
ment because of an adverse event, and therefore all
patients completed the one year study. No patient
had any physical detectable signs of adverse effects
at repeated clinical examination. Secondary effects
of linomide are given in Table 2.

Mild anaemia (haemoglobin concentrations be-
tween 10 and 12 g/dl) was observed in 45% of lino-
mide-treated patients. Erythrocytes were normo-
chromic and normocytic, with an inappropriately
low reticulocyte count. The mechanism of this pure
erythrocyte anaemia is unknown. Mild transient
thrombocytopenia (115 000±150 000 per ml) occurred
in 24% of patients. Six patients had both anaemia
and thrombocytopenia. No bone marrow biopsy was
performed since spontaneous recovery occurred
within a few days of stopping treatment.

The granulocyte count was normal in all patients.
Mild and transient (0.1±1 h) muscular discomfort
was observed with a comparable frequency in both
groups, as did non-specific headache and abdominal
pain. One patient had marked myalgia for 6 h. Joint
discomfort was more frequent in the linomide group
(45% vs 5%). This was mild, not spontaneously men-
tioned by patients and was not associated with any

clinical sign. No subject in the linomide group experi-
enced nausea, vomiting or anorexia.

Body weight increased by 7.2 ± 0.6 kg/year in the
linomide group and 5.4 ± 1.9 kg/year in the placebo
group (NS). BMI increased by 0.8 ± 0.2 kgm2 and
1.4 ± 0.4 kg/m2 per year in the linomide and placebo
groups respectively (NS). Caloric intakes were
1960 ± 67 kcal/day (linomide) and 1921 ± 109 kcal/
day (placebo) between 6 and 12 months.

There were apparently no effects of treatment on
physical activity since linomide-treated patients exer-
cised 6 ± 2 vs 7 ± 2 h per week in the placebo group.
We observed no correlation of adverse effects with
linomide dosage expressed per kg bodyweight.

Discussion

Type I diabetes in humans results from an immune-
mediated process of beta cell death, presumably
through apoptotic mechanisms, as observed in mu-
rine models of the disease [24]. Recent data indicate
that immunostimulation may confer protection from
autoimmune diabetes in non-obese diabetic mice
[25]. Linomide is an immunomodulating drug, which,
if given at doses as low as 0.02 mg/dl of drinking wa-
ter from the age of 5 weeks, prevents diabetes devel-
opment in the non-obese diabetic mouse [14]. These
results were duplicated by J. Timsit in our group. Lin-
omide was still efficient when started later (at the age
of 16 weeks) in prediabetic mice with extensive insu-
litis. Transfer experiments showed that linomide
may work through the induction or activation of reg-
ulatory cells, having the capacity to down-regulate
the immune response to beta cell antigens. The pre-
vention of diabetes by linomide in the non-obese dia-
betic mouse model is associated with the abolition of
the T cell proliferative defect [26] and with the up-
regulation of the p21ras T cell signal transduction [27,
28].

Linomide (in a daily dose of 50±300 mg/kg)
showed protective effects in other experimental mod-
els of autoimmunity. It prevented neurological signs
and lesions in experimental autoimmune encephalo-
myelitis, even when given 7 days after disease induc-
tion [29]. It prevents murine systemic lupus erythre-
matosus [30], autoimmune myasthenia gravis [31],
virus-induced myocarditis [32], hepatitis induced by
Fas antibodies [13], and glomerulonephritis [33]. It
has paradoxical effects in experimental arthritis [34,
35].

Several mechanisms of action of linomide have
been elucidated. One is the reduction of tumor necro-
sis factor a production in response to LPS [36], which
possibly interferes with diabetes development in the
non-obese diabetic mouse [37]. Another effect of lin-
omide is the stimulation of natural killer cells [38, 39].
Linomide also inhibits the apoptotic decay of periph-
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Table 2. Comparison of secondary effects of linomide with the
group receiving placebo

Side effects Linomide
(n = 42)

Placebo
(n = 21)

p

Anaemia (%) 19/42 (45) 2/21 (10) < 0.02

Mild thrombocytopenia (%) 10/42 (24) 2/21 (10) NS

Abdominal pain (%) 26/42 (62) 10/21 (48) NS

Thoracic pain (%) 4/42 (10) 2/21 (10) NS

Joint or back pain (%) 19/42 (45) 1/21 (5) < 0.01
Mild pain 15/42 0/21
Moderate pain 4/42 1/21

Myalgia (%) 16/42 (38) 11/21 (53) NS

Periorbital oedema (%) 11/42 (26) 4/21 (19) NS



eral T lymphocytes in response to superantigen stim-
ulation, exogenous glucocorticoids or infection with
vaccinia virus [40]. More recently, linomide was
shown to inhibit ceramide-mediated apoptosis of
hepatocytes [13].

Linomide is a quinoline-3-carboxamide derivative.
It is well absorbed in humans after oral administra-
tion and has a mean plasma half life of 28±62 h. The
dose-response curve appears bell-shaped with, maxi-
mal immunostimulation at a daily dose of
0.2±0.4 mg/kg in man [39, 41], a dose 2±10 times high-
er than used in the present trial. In placebo-con-
trolled trials, preliminary results at 6 months indicat-
ed that a dose of 2.5 mg/day of linomide reduces ac-
tive lesions in the relapsing remitting form of multi-
ple sclerosis [42] and tends to inhibit the progression
of its secondary progressive form [43].

Our observations show that a dose of 2.5 mg of
linomide daily has positive effects on residual insulin
secretion and insulin needs in non-ketoacidotic Type
I diabetes of recent onset. Although patients treated
with linomide needed less insulin to achieve better
control than the placebo group, it is worth noting
that C peptide levels were only moderately greater.
In both groups, C peptide showed a continuous fall
beyond the first months of trial. Insulin doses corre-
lated negatively with C peptide levels at each time
point of the trial, as well as when the repeated mea-
sure analysis was used (p < 0.0001). This supports a
causative effect of residual secretion upon reduction
of insulin needs in linomide patients. The fact that
C peptide concentrations were not significantly high-
er with linomide treatment than with placebo could
be due to the large proportion of patients who had
no detectable residual secretion at entry ± 41% in
the linomide group and 28 % in the placebo group.
This resulted in a wide dispersion of C peptide val-
ues. Because patients who lack C peptide are known
to be poor responders to immunointervention [3, 8],
and linomide protects residual beta cells from de-
struction in mice [14], we were particularly interest-
ed to evaluate the effects of the drug in patients
who still had detectable beta cell function at entry.
Ideally, the trial would have included only those pa-
tients, but for practical reasons, we could not use C
peptide measurements in the inclusion criteria. Our
only way of determining linomide effects on residual
beta cell function in this study was therefore to per-
form post hoc analysis in subgroups. This analysis
showed a consistent 45±59% increase in C peptide
concentrations in the linomide group between
months 6 and 12 of the trial. Clinically accessible de-
terminants of insulin sensitivity ± such as physical ac-
tivity, food intake or body weight changes ± were
comparable in both groups and did not seem to be
influenced by linomide. Linomide treated patients
even showed a slight tendency to gain more weight
and BMI.

The mechanisms of beta cell dysfunction and de-
struction in human Type I diabetes remain unknown.
It is possible, although entirely speculative, that lino-
mide interferes with the autoimmune attack on beta
cells through non-specific immunomodulatory effects
or with processes leading to secretory dysfunction
and death of beta cells. Blockade of apoptosis by lino-
mide was shown in hepatocytes of mice exposed to
Fas-antibody induced hepatitis [13].

In our study, the secondary effects of linomide
were very mild, consisting mostly of anaemia and
slight symptoms of arthralgia, and there were no clin-
ical signs [39, 42±44]. However, 13 cases of pericardial
effusion have been reported among 754 patients with
multiple sclerosis or leukaemia [43]. Although we did
not observe this complication of linomide in our
study subjects, the relatively small size of the cohort
does not allow a firm statement about the innocuity
of the drug.

Our results are to be considered preliminary, since
only a unique fixed minimal dose of linomide was
tested in a small cohort of new-onset juvenile diabet-
ics, a large number of whom already had complete
beta cell destruction. The optimal dose and regimen
remain to be determined. In this respect, an interest-
ing target could be the adult form of Type I diabetes,
because it has a longer evolution period between the
immune attack and the definitive disappearance of
beta cell mass. However, because of the secondary ef-
fects reported in adults with multiple sclerosis or leu-
kaemia, these trials cannot take place in diabetics,
particularly children, unless linomide safety is re-es-
tablished by further studies.
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