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Introduction

The autoimmune destruction of beta cells, eventually emerging in clinical type 1 diabetes,
may start early in life and last for several months or years [1-3]. During this period of time,
we have an opportunity to prevent or delay further beta-cell death, and thereby the clinical
onset of type 1 diabetes. The ultimate goal would be to stop the autoimmune process at an
early stage, to allow the individual to be left with a sufficient insulin secretion to handle
daily life intake of carbohydrates, and to never require exogenous insulin or risk for short-
and long term diabetes complications.

Individuals with progressive autoimmune beta-cell destruction may be identified by the
measure of autoantibodies to beta-cell autoantigens — autoantibodies to glutamate
decarboxylase (GAD65A), insulinoma-associated protein 2 (IA-2A), insulin (IAA) and the
three variants of zinc transporter 8 (ZnT8R/Q/WA) [4, 5]. If two or more of these
autoantibodies are found positive, reflecting progressive beta-cell destruction, the risk for
type 1 diabetes is high, 70-100 % [4-6]. Individuals with two or ore islet autoantibodies
may be eligible for secondary prevention trials of type 1 diabetes.

Background

Skane is the most southern part of Sweden, with 1.2 million inhabitants. Childhood diabetes
is treated at the pediatric clinics in five different hospitals. In 1995, the Skane study, aiming
to include all newly diagnosed children with diabetes in Skane, was started as collaboration
between the principal endocrinologists at the pediatric clinics in Helsingborg, Kristianstad,
Lund, Malmé, Ystad and Angelholm (Figure 1). Samples were taken, before insulin was
given, and analyzed not only for islet autoantibodies but also for endomycieautoantibodies
(EMA), and autoantibodies against thyroid peroxidase (TPOA) and thyroglobulin (TGA).
During follow-up, annual samples for autoimmunity were taken on the participants included
in the study. In 2005 the Skane study emerged into the Better Diabetes Diagnosis study
(BDD). BDD is a national study including all pediatric clinics in Sweden, also including
HLA typing and islet autoantibody analyses of all newly diagnosed patients (Figure 1). Both
those studies have been important for the understanding of autoimmunity and genes for the
diagnosis of pediatric diabetes [7, 8], relations between specific autoantibodies and genes [9,
10], discovery of new autoantigens [11-13], prevalence and genetic predisposition for other
autoimmune diseases [14, 15]. However, in order to understand the process from
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development of islet autoimmunity to type 1 diabetes and find factors triggering islet
autoimmunity, we needed to follow children before the diagnosis of diabetes. Therefore, a
prospective study of children with high risk HLA-genotypes was initiated, the Diabetes
Prediction in Skane (DiPiS) study (Figure 1).

Diabetes Prediction in Skane - DiPiS

In September 2000, we started to collect cord blood samples of newborns at the five
hospitals in Skane. The samples were analyzed for HLA genotypes and for cord blood islet
autoimmunity. During four years we collected 35,000 cord blood samples, i.e. samples from
73 % of the 48,000 children born during the period of time. At two months of age, parents
answered a questionnaire on heredity, gestational events, birth data and events during the
first two months of the child’s life. A total of 25,000 parents answered those questionnaires.
Children with HLA-risk for type 1 diabetes are followed from two years of age annually
with questionnaires and blood samples analyzed for autoantibodies (GADA, 1A-2A, IAA
and ZnT8R/Q/WA.). If the child develops more than one islet autoantibody, they are followed
more intensive every third month, including sampling for islet autoantibodies, HbAlc and
plasma-glucose. Annual oral glucose tolerance test is performed. Currently more than 2000
children are followed in DiPiS [16-18].

The Environmental Determinants of Diabetes in the Young - TEDDY

In September 2004, the screening of newborns in Skéne for type 1 diabetes risk continued
within The Environmental Determinants of Diabetes in the Yong (TEDDY) study. This
multicenter-study, financed by NIH and NIDDK and composed of six centers, three in
Europe (Finland, Germany and Sweden) and three in US (Colorado, Florida/Georgia and
Washington), follows more than 6000 children with high risk for type 1 diabetes up to 15
years of age [19, 20]. The aim is to define the triggers of autoimmunity and progression to
type 1 diabetes. In total, 421,000 newborn children were screened at birth for risk genotypes
for type 1 diabetes and a selected cohort with increased genetic risk is followed [20].
TEDDY children are followed from 3 months of age with questionnaires, blood and plasma
samples, stool samples, urin samples and saliva for analysis of factors that may trigger islet
autoimmunity and progression to type 1 diabetes. TEDDY children who develop islet
autoimmunity are additionally followed with HbAlc, plasma-glucose and OGTT, and are
diagnosed at an early stage of disease, often without symptoms, through the TEDDY clinics
[21, 22].

The Diabetes Prevention — Immune Tolerance (DIAPREV-IT) studies

While following a large number of children with multiple islet autoantibodies and a high risk
for type 1 diabetes in the predictive studies, we could not offer any prevention for the
disease. In 2008 we got the opportunity to start an investigator initiated clinical trial with
Alum-formulated GADG5 in children at risk. The drug had proven safe in both preclinical
and clinical studies, and animal studies indicated a possible preventive effect [23]. In both a
phase Il study in LADA patients and in a study of newly diagnosed children with type 1
diabetes, a promising effect on saving remaining beta cell capacity had been observed [24]
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[25], although we now know that phase Il studies in newly diagnosed did not reach the
efficacy goals [26]. In February 2009 we had all the needed approvals from regulatory
authorities to start the first investigator initiated Diabetes Prevention — Immune Tolerance
(DIAPREV-IT) study, the first prevention study where Alum-formulated GAD65 was given
to children who had not yet developed diabetes (EudraCT 2008-007484-16, NCT01122446)
(Figure 1). During 2009-2011 50 children from 4 years of age, with GADA and at least one
more islet autoantibody were included in this clinical trial. Two doses of 20 microgram
Alum-formulated GADG65 was given to half of the children (n=25) while half of the children
(n=25) received placebo. The children were at baseline staged with both intravenous and
oral glucose tolerance tests (IVGTT and OGTT) and are after treatment followed according
to a strict protocol during five years with alternating OGTT’s ad IVGTT’s. Additionally
cellular analyses are performed on fresh cells and PBMC’s frozen for future analyses.

The study will be un-blinded and results analyzed in December 2016 when all children have
been followed for five full years after treatment.

The study was designed as phase Il study, with only 50 participants, and with safety as the
primary endpoint and development of diabetes as the secondary endpoint. Indeed, safety has
up to date not been an issue. However, the small number of participants may be a problem
when analyzing efficacy. As eligibility for inclusion was based only upon autoantibodies, we
ended up with two groups of children — one with impaired glucose metabolism and one with
normal glucose metabolism at baseline screening. The children with impaired glucose
metabolism, especially with low first phase insulin release measured in IVGTT and elevated
30, 60 and 90 min glucose values at OGTT, had a higher rate of progression to type 1
diabetes than the ones with normal glucose metabolism [27]. We also found that children
with high 1A-2A was at higher risk of progression to diabetes [27].

After discussions during 2014, we concluded that we wanted to expand the trial. However,
since the group of children now was older, and since we wanted to adapt the protocol, the
solution was to include children in a new study, as similar to the current DIAPREV-IT so
that results could be merged to a meta-analysis. In May 2015 the first children were included
in DIAPREV-IT 2 (EudraCT 2014-003755-64, NCT02387164) (Figure 1). The inclusion
criteria remained the same, but randomization is stratified by glucose metabolism at the
baseline IVGTT and OGTT. We also introduced a secondary endpoint - impaired glucose
metabolism for the ones that had normal glucose metabolism at baseline screening. In
addition, all children will be treated with Vitamin D, 2000 IE daily, through the full study
period as a promotor of the immune tolerance.

Discussion

Until we have identified the mechanisms that trigger the first appearance of the first islet
autoantibody and the subsequent progressive autoimmunity, eventually leading to type 1
diabetes, it will be difficult to design primary prevention studies. During the time between
the initiation of the autoimmune process and development of type 1 diabetes, secondary
prevention of the disease can be tested. However, several issues may complicate the trials.
First, when we include the children they may be on different stages of the disease process —
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some may be very close to type 1 diabetes onset, while some may have years left. Second,
we know from studies that follow both first degree relatives or children with high risk HLA
that the autoimmune destruction of the beta-cells may occur at different rates. Third, the
beta-cell capacity may be fluctuating during the process and also after development of type 1
diabetes — i.e. it is not a steady slope of beta-cell loss. Forth, the best markers of beta-cell
capacity we have are glucose metabolism, and also this may be fluctuating between the
times of measure. For example a child may have a diabetic OGTT on week and one with
only impaired glucose metabolism the next week. Fifth, the autoimmune process may start
as early as at 6 months of age. Therefore prevention has to start early and at a low age. Sixth,
since the autoimmune process may take years, prevention studies tend to be long-term
projects.

The majority of children developing type 1 diabetes are not close relatives to type 1 diabetes
patients. Therefore, clinical trials aiming to prevent type 1 diabetes, only including type 1
diabetes relatives, will miss a large number of potential participants. In our prediction
studies we screened children already at birth for HLA-mediated risk for type 1 diabetes, and
followed the ones with increased risk for development of islet autoimmunity. However,
outside studies, this is both ethically complicated and expensive. One possibility could be to
screen children at low age for islet autoimmunity and include those positive in prevention
trials. However, since autoantibodies develop at different ages, the screening has to be done
several times to pick up all children at risk for type 1 diabetes.

Although no drug tested for secondary prevention of type 1 diabetes up to date has shown
effective, there may be possibilities to combine different drugs to enhance the effect. Small
studies, short studies with mechanistic endpoints, studies with different combinations of
therapies will be important. Moreover, data from the current, on-going trials, may lead us to
a better knowledge of the natural history of the autoimmune process and make it possible to
find new therapies to test.

In conclusion, secondary prevention may be possible in children with islet autoimmunity but
not yet diabetes, but the studies are complicated by the variability of glucose metabolism
and beta-cell loss. Although the current ongoing studies may turn out to be ineffective in
preventing beta-cell loss, additional knowledge about the pattern of progression to diabetes
will be gained that may help us to design more effective secondary prevention studies.
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Figurel.

Timeline of previous and on-going studies in Skane. The Skane study in newly diagnosed
children with diabetes (start 1995) was succeded by the national Better Diagnosis Study. In
the Diabetes Prediction in Skane (DiPiS) study, we were screening newborn children for risk
genes during four years (2000-2004) and follow a risk cohort up to 15 years of age. The
Environmental Determinant of Diabetes in the Young (TEDDY) screened newborn children
between September 2004 and Februrary 2010 and follow risk children to 15 years of age.
The Diabetes Pevention-Immune Tolerance (DiIAPREV-IT) and DIAPREV-IT 2 are two
secondary prevention studies on autoantibody-positive children. Both are still blinded.
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