
28 I REVIEW OF ENDOCRINOLOGY I JANUARY 2009

COVER STORY

T
ype 1 diabetes is associated with significant
morbidity and mortality.1,2 Reasonable life
quality and expectancy can be acquired with
modern insulin therapy, but insulin treatment

has no effect on the autoimmune process that is the
heart of the disease. Maintaining even a small level of
residual insulin secretion with stimulated C-peptide lev-
els >0.2 nmol/L may reduce the risk of these complica-
tions that occur over time.3

Parallel to the increasing knowledge of the immune
process resulting in beta-cell destruction, the possibility
of preserving residual beta-cell function or even restora-
tion of sufficient endogenous insulin secretion seems to
become feasible. To date, attempts to preserve residual
beta-cell function have shown little benefit or have
caused too common and/or serious adverse effects and
risks.4-12 Multidrug immune modulation before or soon
after onset of clinical symptoms may become the treat-
ment of choice for children diagnosed with autoimmune
diabetes. Although we believe a treatment strategy using
anti-CD3 monoclonal antibodies is promising, therapy-
related adverse events have been observed.13,14

Among the broad range of potential interventions,
specific immunomodulation with autoantigens has
been considered,15 both in the prevention and treat-
ment of type 1 diabetes. Thus, trials including thera-
pies with insulin16 and Diapep 27717-19 have attempted
to modify the course of the disease. Among the auto-
antigens identified as targets for specific T- and B- cell
responses in type 1 diabetes, glutamic acid decarboxy-

lase (GAD
65

) is one of the major pancreatic antigens
targeted by self-reactive T cells.20 T cells specific for
GAD

65
may be important for the initiation of autoim-

mune diabetes.21 A selective approach using GAD
65

as
an immunomodulator is very attractive because type 1
diabetes patients exhibit immune responses against
this autoantigen.22 In mice, GAD

65
prevented autoim-

mune destruction of pancreatic beta-cells.23-26 Even
when data from animal studies have provided strong
evidence for the use of autoantigens, results of auto-
antigen administration to humans with autoimmunity
have been ambiguous.

A dose-finding study in patients with latent autoim-
mune diabetes in adults (LADA) demonstrated that
two injections with 20 µg alum-formulated GAD

65
pre-

served residual insulin secretion with no serious adverse
effects.27 Based on those findings, to assess the effect of
GAD

65
in children with type 1 diabetes, a phase 2 study

was conducted. We reported results from the 15-month
study period followed by 15 months of further observa-
tion in the New England Journal of Medicine (2008;359:
1909–1920). A summary appears here.

GAD-Alum Treatment
Seems Effective in
Slowing Residual 

Beta-Cell Function Loss
Significant C-peptide level preservation was found among treated patients.

BY JOHNNY LUDVIGSSON, MD, PHD; AND ROSAURA CASAS, PHD

A selective approach using GAD
65

as
an immunomodulator is very 

attractive because type 1 diabetes
patients exhibit immune respondes

against this autoantigen.



JANUARY 2009 I REVIEW OF ENDOCRINOLOGY I 29

COVER STORY

CLINICAL TRIAL DE SIGN
At eight Swedish pediatric clinics, patients aged 10

to 18 years who presented with type 1 diabetes within
the previous 18 months were screened for GAD
autoantibodies and fasting C-peptide levels >0.1
nmol/L (0.3 ng/mL). Seventy patients were eligible and
randomized in double-blind fashion to treatment with
20 µg of GAD-alum (Diamyd; Diamyd Medical,
Stockholm) or placebo. All but one patient received
two doses of either GAD-alum or placebo, and 69
patients (35 in the GAD-alum group and 34 in the
placebo group) were included in the intention-to-treat
analysis. Data for the two study groups were similar at
baseline, and the distribution of human leukocyte
antigen (HLA) genotypes did not differ between the
GAD-alum group and the placebo group (Table 1). 

Patients also received multiple daily insulin injec-
tions with a target A1C level of <6.5%. We sought to
evaluate safety and efficacy of GAD-alum treatment
versus placebo in preserving residual insulin secretion.
The pre-specified primary efficacy endpoint was the
change in fasting C-peptide levels from baseline to

month 15. Prespecified sec-
ondary efficacy endpoints
were changes in fasting and
stimulated C-peptide levels
and A1C values from baseline
to various prespecified time
points, up to month 30. Other
endpoints included insulin
requirement, fasting plasma
glucose level, fasting C-pep-
tide:plasma glucose ratio and
GAD autoantibody titer.

The primary injection of
GAD-alum or placebo was
given on day 1 and a boost
was administered at 1 month.
A 2-hour mixed-meal toler-
ance test was performed on
day 1 and at months 3, 9, 15,
21, and 30. After 15 months,
data were unblinded to exter-
nal statistician but the trial
continued double blind for
the laboratory, clinicians,
patients and parents for a 15-
month extension period. T-
cell studies were performed
under a separate investigator-
initiated protocol.

Results from the study with
LADA patients27 suggested that 35 patients in each
study group would provide a statistical power of 80% to
90% for assessing C-peptide level differences. A prespeci-
fied analysis of covariance model was used, in which the
change from baseline was taken as the response variable,
the study treatment as the explanatory variable, and the
baseline value as a covariate. Age, sex, duration of dia-
betes at baseline, GAD autoantibody titer, and HLA type
were identified as factors for additional exploratory
analyses and were used to prespecify subgroups.

The null hypothesis was that there was no difference
between active treatment and placebo, and two-sided
tests were used for all hypotheses. P values were not
adjusted for multiplicity28 and the hypothesis of no
difference between the study groups was assessed at
months 15 and 30 of follow-up. 

SAFETY 
A major concern with antigen-based therapies is the

possible outcome of adverse events. The most com-
monly reported adverse events during the main study
period were upper respiratory tract infection, naso-

TABLE 1.  BASELINE CHARACTERISTICS OF THE PATIENT, 
ACCORDING TO STUDY GROUP
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pharyngitis, gastroenteritis, and headache. In two
patients in the GAD-alum group the adverse events
were determined to be possibly related to study treat-
ment—one patient developed mild hypoglycemia and
one developed moderate hypoglycemia. Thus, our
results indicate that the treatment was safe and well
tolerated by the patients.

Seven serious adverse events occurred in five
patients in the GAD-alum group and five occurred in
four patients assigned to placebo. In the treatment
group, the events were knee trauma, ketoacidosis,
lower-limb fracture, and diarrhea, and one patient had
ketoacidosis, high A1C, and streptococcal tonsillitis. In
the placebo group, events included mononucleosis,
ankle fracture, cessation of insulin use, and two
episodes of hypoglycemia with seizure in one patient. 

PRE SPECIFIED EFFICACY ENDPOINTS
Both groups demonstrated a progressive decrease

from baseline in fasting and
stimulated C-peptide secre-
tion, indicating a gradual
loss of beta-cell function
(Figure 1A and 1B). No sig-
nificant effect of treatment
was seen on the change in
fasting C-peptide level be-
tween baseline and month
15, however, there was a
significant effect of treat-
ment on the change in fast-
ing C-peptide level by
month 30 (P=.045) (Figure
1A) and on the change in
the C-peptide: plasma glu-
cose ratio (P=.02). Area-
under-the-curve (AUC)
stimulated C-peptide secre-
tion decreased significantly
less in the GAD-alum group
versus placebo-assigned
patients, by month 15
(P=.01) and by month 30
(P=.04) (Figure 1B).

Insulin requirement,
A1C and plasma glucose
levels increased in both
study groups during the
study, but did not differ

significantly between the
two groups. 

E XPLOR ATORY ANALYSE S OF EFFICACY
Even after adjusting for duration of diabetes, age, gen-

der, and baseline GAD autoantibody levels, the signifi-
cant effect of treatment on the change between baseline
and month 30 in fasting and stimulated C-peptide levels
remained. The prespecified subgroups were also evaluat-
ed for interaction effects, with only duration of diabetes
had a significant influence on study treatment efficacy
(P=.05 for fasting at month 30 and P=.03 for stimulated
C-peptide level [AUC], at months 15 and 30).

An exploratory formal analysis of the prespecified
subgroups regarding diabetes duration showed that
among patients treated <6 months after diagnosis, both
fasting and stimulated C-peptide secretion decreased
significantly less in the GAD-alum group than in the
placebo group by month 30 (P=.03 and P=.04, respec-
tively) (Figures 1C and 1E). No significant difference was
observed between the two groups for patients treated
≥6 months after diagnosis (Figures1D and 1F).

Figure 1. Mean changes from baseline levels of fasting and stimulated C-peptide,

according to treatment group and time of treatment relative to diagnosis.
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INDUCTION OF ANTIGEN-SPECIFIC
IMMUNE RE SPONSE S 

One of the main challenges in immunomodulating
therapies is to obtain long-lived therapeutic outcomes
with shorter therapeutic interventions. Thus, the effi-
ciency of the autoantigen to induce a specific T-cell
response strong enough should be determinant in the
effect of the treatment. In our study it was evident
that GAD

65
induced an antigen specific T-cell popula-

tion detectable in peripheral blood. The modulatory
effect of the therapy in T-cell immune responses
resulted in the induction of a GAD

65
-specific cell pop-

ulation able to secrete Th1,
Th2 and immunoregulatory
cytokines (Figure 2 B),
which express FOXP3 and
TGF-beta (Figure 2C). This
cellular recall immune phe-
notype persisted 15 months
after the first injection. In
treated patients, GAD
autoantibody levels rapidly
increased, reaching a maxi-
mum at 3 months. Levels
then decreased, but re-
mained significantly higher
versus placebo (Figure 2A).
Thus, our results provided
evidence for the effect of
GAD

65
in the induction of

specific humoral immune
responses to the antigen.
More importantly, the
treatment was able to
induce long-lasting immune
responses, still detectable
30 months after the first
injection.

It seems reasonable to
assume that modulation of
the general memory
immune responses to
GAD

65
in the treated chil-

dren could be the result of
activation of  a protective
specific immune responses
towards the autoantigen. A
premise for the inclusion
of patients in our trial was
detectable levels of GADA
autoantibodies, indicating
ongoing immune responses

toward GAD
65

. Even though all the patients were able
to exert similar GAD

65
-induced cytokine secretion

before the treatment, all the studied cytokines signif-
icantly increased in patients receiving GAD

65
-alum

after 15 months. 
It is unclear whether immunizing in humans with a

preexisting pathogenic response would boost that
pathogenic response. Our observations suggest that
this is not the case, but rather the responses to
GAD

65
in the treated diabetics seems to be the result

of activation of protective specific immune responses
towards the autoantigen.

Figure 2. Effects on the immune system.
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DISCUSSION
Stimulated C-peptide levels have been considered an

endpoint for assessing beta-cell function preservation
early in type 1 diabetes. These levels correlate with
improved glycemic control and fewer microvascular
complications.13,14,29 We found no significant effect of
GAD-alum treatment on the change in the primary end-
point of fasting C-peptide, but an effect was seen on
stimulated C-peptide level. Both fasting and stimulated
C-peptide levels declined to a significantly smaller degree
in the GAD-alum group than in the placebo group after
30 months. The observed protective effect of treatment
on C-peptide secretion was seen only in patients treated
<6 months after diagnosis.

In our study, the duration and magnitude of the GAD-
alum treatment effect appears similar to that reported
for anti-CD3 treatment13,14 but without the related
adverse events. Especially over the long term, residual
insulin secretion affects key clinical outcomes.3 Possible
explanations include improved overall metabolic control,
reduced fluctuation in blood glucose levels and perhaps
increased exposure to C-peptide.30 Our results indicate
that two injections of 20 µg GAD-alum may help pre-
serve residual insulin secretion in patients with recent-
onset type 1 diabetes. How GAD-alum treatment may
work to alter disease progression in type 1 diabetes is
unclear. Therapy was otherwise similar in the two study
groups, therefore differences in preserved beta-cell func-
tion do not appear to be related to more intense insulin
treatment or better metabolic control in the GAD-alum
group. Although fasting C-peptide level may be influ-
enced by blood glucose level, we found significant C-pep-
tide level preservation before and after adjustment for
blood glucose level.

CONCLUSION
Treatment with GAD-alum had an effect on slowing

the loss of residual beta-cell function up to 30 months
after intervention and was associated with GAD-specific
immune modulation. This did not, however, change the
insulin requirement. Our study provides preliminary proof
of concept; large-scale confirmatory studies with GAD-
alum are under way in the United States and Europe. ■
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