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ABSTRACT
Introduction Type 1 diabetes (T1D) is an autoimmune 
disease leading to the destruction of the insulin- 
producing beta cells resulting in insulin deficiency and 
hyperglycaemic. Today, no approved therapy exists to halt 
this detrimental immunologic process. In a recent phase 
2b study, intralymphatic administration of recombinant 
human glutamic acid decarboxylase 65 kDa (rhGAD65) 
adsorbed to Alhydrogel adjuvant to individuals recently 
diagnosed with T1D and carrying the HLA DR3- DQ2 
haplotype showed promising results in preserving 
endogenous insulin secretion, confirming the results 
of a large meta- analysis of three randomised placebo- 
controlled trials of subcutaneous rhGAD65. The aim of the 
current precision medicine phase 3 study is to determine 
whether intralymphatic administration of rhGAD65 
preserves insulin secretion and improves glycaemic 
control in presumed responder individuals with recently 
diagnosed T1D carrying HLA DR3- DQ2.
Methods and analysis Individuals ≥12 and <29 years 
recently diagnosed with T1D (<6 months) will be screened 
for the HLA DR3- DQ2 haplotype, endogenous insulin 
production estimated by fasting C- peptide and presence 
of GAD65 antibodies. 330 patients are planned to be 
randomised to 3 monthly intralymphatic injections of 
rhGAD65 or placebo (both accompanied by oral vitamin 
D supplementation), followed by 22 months of follow- up. 
The study is powered to detect a treatment effect in the 
two coprimary endpoints; change from baseline in AUC

(0- 

120min) C- peptide levels during a mixed meal tolerance test, 
and change from baseline in glycaemic control estimated 
by haemoglobin A1c at 24 months. Secondary endpoints 
include effects on glucose patterns collected by masked 

continuous glucose monitoring, proportion of patients 
in partial remission and number of episodes of severe 
hypoglycaemia and/or diabetic ketoacidosis.
Ethics and dissemination The trial is approved by 
Ethics Committees in Poland (124/2021), the Netherlands 
(R21.089), Sweden (2021- 05063), Czech Republic (EK- 
1144/21), Germany (2021361) and Spain (21/2021). 
Results will be published in international peer- reviewed 
scientific journals and presented at national and 
international conferences.
Trial registration number EudraCT identifier: 
2021- 002731- 32, NCT identifier: NCT05018585.

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The current study is a large, international, multicentre, 
randomised double- blind placebo- controlled trial.

 ⇒ The study is adequately powered to detect a treat-
ment effect on two clinically important coprimary 
endpoints; preservation of beta cell function and 
glycaemic control (haemoglobin A1c).

 ⇒ The total study duration of 24 months should allay con-
cerns about confounding from the so- called honeymoon 
period in recently diagnosed type 1 diabetes (T1D).

 ⇒ This is the first phase 3 trial in T1D using a precision 
medicine approach, limiting recruitment to the identified 
HLA DR3- DQ2 responder population to recombinant 
human glutamic acid decarboxylase 65 kDa treatment.

 ⇒ To fully understand the magnitude of a possible 
beneficial treatment effect, additional follow- up over 
several years might be needed to see the benefits of 
even minimum residual beta cell function.
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INTRODUCTION
Type 1 diabetes (T1D) is an autoimmune disorder in 
which the immune system attacks the insulin producing 
beta cells in the pancreas. By the time an individual is 
diagnosed with T1D, 70%–90% of beta cell function 
has generally been lost. The destruction of the pancre-
atic beta cells in T1D is associated with cellular immune 
responses towards the pancreatic islet cells.1 Autoan-
tibodies directed against glutamic acid decarboxy-
lase (GAD) with a molecular mass 65 kDa (GAD65A), 
insulinoma- associated protein 2 (IA- 2A), insulin (IAA) or 
zinc transporter antigen T8 (ZnT8A) precede the clinical 
onset of the disease.1

T1D treatment consists of lifelong administration of 
exogenous insulin, which does not satisfactorily prevent 
neither acute nor long- term complications. The disease 
has a devastating impact on the quality of life (QoL) of the 
affected person and their family due to the constant stress 
of adjusting blood sugar and the common acute and life- 
threatening consequences of imperfect control—diabetic 
ketoacidosis (DKA) and severe hypoglycaemia.2–4 In addi-
tion, many individuals with T1D experience over the long 
term both macrovascular and microvascular complica-
tions affecting the heart, nerves, eyes and kidneys, putting 
them at risk of blindness, kidney failure and myocardial 
ischaemia.5 6 A recent article7 concluded that patients who 
received their diagnosis before the age of 10 years had 
a shortened lifespan by 14 years for males and 18 years 
for females. Early- onset T1D was also found to be associ-
ated with 30 times increased risk of serious cardiovascular 
outcomes and for women, this risk was 90 times higher 
compared with non- diabetic control persons.7 Even with 
good long- term blood glucose control (haemoglobin A1c, 
HbA1c ≤52 mmol/mol), the risk of premature death for 
any T1D patient is found to be twice as high as for healthy 
individuals and up to eight times higher for patients with 
poor glycaemic control.8

There is currently no approved treatment preventing 
the destruction of beta cells. Insulin replacement therapy 
is the standard- of- care treatment, and despite the devel-
opment of new insulins, new technologies for insulin 
administration and blood glucose diagnostics, patient 
targets for long- term blood glucose are currently met 
less frequently than 5 years ago in some populations in 
the USA.9 Any intervention which can stop or delay the 
loss of beta cell function would likely provide protection 
against hypoglycaemia and ketoacidosis, improve meta-
bolic control, decrease blood glucose fluctuations, facil-
itate treatment and delay and/or reduce microvascular 
and macrovascular complications of diabetes.10–13 In addi-
tion, decreasing the autoimmune destruction of beta cells 
could allow for beta cell replenishment, either through 
regeneration or transplantation.

The most efficient immune therapy for preservation of 
beta cell function is so far treatment with anti- CD3 mono-
clonal antibodies (teplizumab).14 15 TNF- alfa inhibitors,16 
anti- thymocyte globulin,17 alefacept18 and rituximab19 
have also demonstrated some efficacy in preserving beta 

cell function, but often these therapies have adverse 
events (AEs), serious risks and impose a heavy treatment 
burden, including, for example, several days of intrave-
nous infusions. An alternative approach is treatment with 
autoantigen immunotherapies, even though most clin-
ical trials with autoantigen immunotherapies have failed 
to meet their primary endpoints or shown inconclusive 
results.20–23

Over the last two decades, however, an important devel-
opment in the field has meant a shift away from a one- 
size- fits- all approach to T1D pathophysiology towards 
a more individualised, precision medicine approach 
that recognises inter- individual heterogeneity in T1D.24 
The concept of disease heterogeneity has recently been 
extended to the concept of endotypes; that is, subtypes 
of T1D with distinct underlying pathobiological mech-
anisms, which should be considered in the design of 
clinical trials.25 For instance, the appearance of GAD65 
autoantibodies (GADA) as the first autoantibody is linked 
to the juman leucocyte antigen (HLA) DR3- DQ2 haplo-
type, while the emergence of insulin autoantibodies as 
the first antibody is linked to HLA DR4- DQ8.25 26 As a 
consequence, applying the same intervention targeting a 
specific pathophysiological mechanism across an entire 
population ignores the fact that subgroups of patients 
whose disease is driven by the targeted mechanism may 
respond particularly well, while others show no response, 
resulting in apparently absent treatment effects across the 
entire population.

GAD antigen-specific immunotherapy to preserve endogenous 
insulin secretion
GAD65 is a major autoantigen in autoimmune diabetes, 
and clinical administration of purified recombinant 
human GAD65 rhGAD65 aims to intervene in the autoim-
mune process in T1D. The rhGAD65 is adsorbed to Alhy-
drogel (aluminium hydroxide particles) and formulated 
in phosphate buffer with mannitol. The intended mode 
of action is to slow or prevent autoimmune destruction of 
pancreatic beta cells by modulation of immune responses 
to GAD65. Inconsistent results observed in trials testing 
subcutaneous administration of rhGAD65 spurred the 
evaluation of alternative approach to improve treatment 
efficacy.20–22 27 DIAGNODE- 1,28 29 a phase 1/2a open- label 
pilot combination trial evaluated an alternative adminis-
tration route, with three doses of 4 µg rhGAD65 adminis-
tered directly into inguinal lymph nodes, in combination 
with oral vitamin D in 12 patients (12–30 years of age) 
recently diagnosed with T1D. All patients were followed 
for 30 months. The positive results of the DIAGNODE- 1 
trial29 supported further development in a Phase 2b trial 
(DIAGNODE- 2), a randomised and placebo- controlled 
trial testing the intralymphatic administration in 109 
patients (12–24 years of age) recently diagnosed with 
T1D. Importantly, based on the concept of heteroge-
neity of disease mechanism, a meta- analysis of three 
previous Randomized Control Trials testing subcuta-
neous rhGAD65 was performed. The analysis showed that 

 on A
pril 6, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061776 on 31 O

ctober 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


3Ludvigsson J, et al. BMJ Open 2022;12:e061776. doi:10.1136/bmjopen-2022-061776

Open access

clinical efficacy is mainly seen in patients with HLA DR3- 
DQ2, and an even more pronounced treatment effect was 
seen in those individuals with HLA DR3DQ2 without HLA 
DR4- DQ8 though no clinical efficacy was observed in the 
full population.30 Due to the identification of HLA DR3- 
DQ2 patients as the responder population, the statistical 
analysis plan of the then ongoing DIAGNODE- 2 study 
was amended before database lock to include analyses of 
the primary and secondary endpoints in the HLA DR3- 
DQ2 subgroup in the topline results. At 15 months of 
follow- up in DIAGNODE- 2, rhGAD65 treatment showed 
a significant positive treatment effect in the prespeci-
fied genetic subgroup of patients positive for HLA DR3- 
DQ2 of 55.7% (p=0.0078), that is, that on average, the 
primary end point stimulated C- peptide secretion Area 
Under the Curve (AUC)mean 0- 120 min declined by 55.7% less 
in patients treated with rhGAD65 compared with patients 
treated with placebo. For patients positive for HLA DR3- 
DQ2, C- peptide AUCmean 0- 120 min declined approximately 
28% over 15 months in the rhGAD65 group compared 
with about 58% for placebo.31 There were corresponding 
trends, though not statistically significant, in improve-
ment in the secondary efficacy variables HbA1c, IDAA1c 
and exogenous insulin use after 15 months in the HLA 
DR3- DQ2- positive patients treated with rhGAD65 when 
compared with placebo.

Results from an updated meta- analysis (manuscript in 
preparation) which added data from DIAGNODE- 2 to the 
previous meta- analysis30 showed that in patients carrying the 
HLA DR3- DQ2- haplotype, a statistically significant treatment 
effect on change in AUC C- peptide of 48.3% for the subjects 
receiving 3 or 4 injections of rhGAD65 (p<0.0001) and 36.1% 
for the 2–4 injections (p=0.0316) . In addition to this, a statis-
tically significant treatment effect on change in HbA1c of 
−4.789 mmol/mol for the subjects receiving 3 or 4 injections 
of rhGAD65 (p=0.0044) and −3.120 mol/mol for subjects 
receiving 2–4 injections (p=0.032). The data also reconfirmed 
previous findings that an even more pronounced treatment 

effect (on both change in AUC C- peptide and HbA1c) was 
seen in those individuals with HLA DR3DQ2 without HLA 
DR4- DQ8. Intralymphatic rhGAD65 injections were well 
tolerated and considered safe, consistent with prior clinical 
trial findings.31

Objectives
The primary objective is to evaluate the effect of three 
doses of rhGAD65 compared with placebo in terms of1 
beta cell function; and2 glycaemic control in adolescents 
and adults recently diagnosed with T1D, who carry the 
HLA DR3- DQ2 haplotype. Secondary objectives are to 
compare the effect of rhGAD65 to placebo treatment with 
respect to the effects on other diabetes disease manage-
ment indicators and long- term safety.

METHOD AND ANALYSIS
Overall study design
DIAGNODE- 3 is a phase III randomised, double- blind, 
placebo- controlled, international, multicentre, paral-
lel- arm, 24- month trial in adolescents and adults with 
recently diagnosed T1D, carrying the HLA DR3- DQ2 
haplotype. Overall study design is shown in figure 1. The 
study is registered on  Clinicaltrials. gov (NCT05018585). 
The study is expected to take 4.5 years to complete. This 
includes an intervention with follow- up for 24 months.

Throughout the study duration, all patients will receive 
standard- of- care routine treatment for their diabetes 
according to ADA guidelines (amended as appropriate to 
reflect local standard of care).

Screening and run-in period
Patients deemed eligible and/or their parent(s)/legal 
guardian(s) will have the study explained to them and 
will receive written patient information. After having had 
the time to review the study, they will have the opportu-
nity to ask questions to the investigational team. After 

Figure 1 Schematic overview of the study design.
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this, if the patient agrees to participate, they will sign and 
date the written informed consent form and for patients 
who are minors, both age- appropriate assent (according 
to local regulations) and parent’s/caregiver’s consent is 
collected. Patients and their parent(s)/legal guardian(s), 
when applicable, will provide written informed consent 
before any study- related procedures are performed. The 
patient and/or their parent(s)/legal guardian(s) will 
then receive a copy of the signed and dated patient infor-
mation. Detailed study assessments are shown in table 1. 
HLA genotyping of the patient is performed at the first 
screening visit after preliminary eligibility is confirmed. 
If the patient is carrying the HLA DR3- DQ2 haplotype, 
the patient will attend the second screening visit (visit 1B) 
to perform the remaining screening procedures. After 
screening, patients deemed eligible will proceed to the 
run- in period (beginning at visit 1C) undergo masked 
CGM for 14 days, receive diabetes education and collect 
self- reported diabetes information in their eDiary.

Patients with a screening vitamin D level <100 nmol/L 
(40 ng/mL) will start oral vitamin D supplementation 
(2000 IU daily) beginning at visit 1C, 30 days prior to 
randomiszation. During the period of supplementation, 
vitamin D should be discontinued temporarily if the level 
exceeds 125 nmol/L (50 ng/mL) and may be resumed 
when levels are <100 nmol/L (40 ng/mL).

Double-blind treatment period and long-term follow-up
At visit 2, patients will be randomised 2:1 to one of the 
following two treatment groups:

Treatment group 1: 3 intralymphatic injections of 4 µg 
(0.1 mL) of rhGAD65 administered on 
days 0, 30 and 60

Treatment group 2: 3 intralymphatic injections of 0.1 mL 
placebo administered on days 0, 30 
and 60

Randomisation will be performed by an Interactive 
Web Response Systems and stratified by HLA subgroup 
(presence or absence of HLA DR4- DQ8) and by region. 
The maximum number of adults (>18 years) recruited 
into the trial is 160. rhGAD65 or placebo injections will 
be administered in the inguinal lymph node by qual-
ified personnel with the help of ultrasound. Vitamin D 
levels will be monitored throughout the trial. Vitamin 
D oral supplementation (2000 IU daily) will be adminis-
tered from day −30 (Visit 1C) to day 90 for a total of 120 
days for patients with a level<100 nmol/L (40 ng/mL) 
atscreening. All patients will continue to receive intensive 
insulin therapy via multiple daily injections or via CSII. 
Safety will be assessed via physical examinations, neuro-
logical assessments, vital signs, clinical laboratory assess-
ments, injection site reactions and AEs. After the double 
blinded treatment period of 2 months, patients will be 
followed in a blinded manner for 22 months. An inde-
pendent DSMB will be appointed to review unblinded 
safety data (at least twice a year).

Study population
Individuals between ≥12 and <29 years old, will be eligible 
for enrollment if they have been diagnosed with T1D 
within the previous 6 months at the time of screening, 
positive for the HLA DR3- DQ2 haplotype, fasting C- pep-
tide is ≥0.12 nmol/L (0.36 ng/mL) and seropositive for 
GADA. Full list of inclusion and exclusion criteria is 
shown in tables 2 and 3.

Study assessments
Demographics and study procedures
Demographics, baseline data medical history and family 
history of T1D will be collected at screening. Medical 
examinations (ie, physical, neurological and vital signs) 
will be performed at all on site visits. Patients will also 
be provided with an eDiary to collect self- reported data 
on daily insulin dose, injection site reactions, significant 
glucose events (mild/moderate/severe hypoglycaemic 
events and DKAs), as well as mealtimes and physical 
activity. Patients and caregivers (if applicable) will answer 
the Paediatric Quality of Life Inventory questionnaires at 
four visits between baseline and month 24 to assess QoL. 
Timings of all assessment can be found in table 1.

Clinical laboratory assessments
Laboratory assessments of diabetes status
The timing of all study assessments is presented in table 1 
All laboratory parameters will be analysed at a central 
laboratory. A 2- hour mixed meal tolerance test (MMTT) 
following an overnight fast (>10 hours) will be performed 
at baseline and at month 6, month 15 and month 24. 
Meal stimulated plasma glucose and C- peptide levels will 
be assessed throughout the MMTT.32

Patients should come to the study site following an 
overnight fast (>10 hours) and have a plasma glucose 
level between 3.5 and 12 mmol/L (63–216 mg/dL) 
at home in the morning. Patients are allowed to take 
basal- insulin day/night before, but not in the morning 
before the MMTT. Patients should also not administer 
any short/direct acting insulin within 6 hours before the 
MMTT. Patients with CSII (insulin pump) must continue 
with their basal dose insulin, but not add any bolus dose 
during the last 6 hours before the MMTT.

Samples for HbA1c will be analysed at a National Glyco-
hemoglobin Standardization Program (NGSP) certified 
central laboratory. Results will be reported in both Inter-
national Federation of Clinical Chemistry (mmol HbA1c/
mol Hb) and NGSP (% HbA1c) units. Serum samples for 
fasting glucose and fasting C- peptide levels will also be 
collected and analysed throughout the trial.

Safety and other laboratory assessments
All patients will undergo HLA class II genotyping to 
assess the presence of HLA haplotypes DR3- DQ2 and 
DR4- DQ8 during the screening procedure. Samples will 
also be collected for clinical chemistry, haematology, 
urinalysis, lipids (total cholesterol, LDL- C, HDL- C and 
triglycerides), vitamin D, thyroid stimulating hormone, 
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thyroid peroxidase antibody, transglutaminase antibody, 
IA- 2 antibody, GAD65 antibody, SARS- CoV- 2 antibody 
and for females; human chorionic gonadotropin, follicle 
stimulating hormone and luteinising hormone. Timing 
of the assessments can be found in table 1 and all samples 
will be analysed at a central laboratory.

Immunology assessments
Timing of immunological assessments is indicated in 
table 1. GAD65 antibody titres will be measured at a 
central laboratory. Additional variables to evaluate the 
influence of treatment on the immune system include 
GAD65 antibody isotypes, IA- 2 antibodies and cell- 
mediated immune response by proliferation and cytokine 
secretion on GAD65 stimulation of PBMC.

Continuous glucose monitoring
CGM will be performed for 14 days during the run- in 
period (following visit 1C) and at three other timepoints 
during the trial. The timing of the distribution of the 
glucose monitoring system and assessments is presented 
in table 1. The FreeStyle Libre Pro/Pro iQ devices are 
intended for use only by healthcare professionals, with 
the patients being blinded to the CGM sensor readings. 
The devices will be used for data collection during the 
clinical trial, but not to inform decisions on diabetes 
management and therapy adjustments. Patients will be 
allowed to use an unblinded CGM device to manage their 

diabetes and adjust the therapy based on the glucose 
levels registered.

Time period and frequency for collecting AE and serious AE 
information
Any worsening in the patient’s condition after adminis-
tration of study drug and up to the end of study or early 
termination visit should be considered an AE. All AEs will 
be collected throughout the whole study period (starting 
from visit 1C), reviewed and assessed for causality by 
the investigators at the time points specified in table 1. 
Injection site reactions will be collected during the 
7 days following study drug injections (visits 2, 3 and 4), 
starting the day after the injection. Injection site reactions 
persisting after 7 days should be reported as an AE.

Statistical considerations
Sample size and power
The primary efficacy analysis will be performed in the 
full analysis set. The primary efficacy variables will be (1) 
change from baseline to Month 24 in log- transformed 
C- peptide AUCmean 0- 120 min during an MMTT and (2) 
change from baseline to Month 24 in mean HbA1c. The 
coprimary endpoints will be tested in both the overall 
population and in the subgroup of patients who carry 
the HLA DR3- DQ2 haplotype and simultaneously do not 
carry the DR4- DQ8 haplotype (hereafter the HLA DR4- 
DQ8- negative subgroup). The overall two- sided 5% type 

Table 2 Inclusion criteria in the diagnode- 3 study

Patients are eligible to be included in this study if all the following criteria apply

1. Must be capable of providing written, signed and dated informed consent; and for patients who are minors, age- 
appropriate assent (performed according to local regulations) and parent/caregiver consent.

2. Males and females aged ≥12 and <29 years old at the time of screening.

3 Diagnosed with T1D (according to the American Diabetes Association (ADA) classification) ≤6 months at the time of 
screening.

4 Possess the HLA DR3- DQ2 haplotype (all patients will be tested; prior genetic testing results will not be accepted).

5 Fasting C- peptide ≥0.12 nmol/L (≥0.36 ng/mL) on at least one occasion (maximum two tests on different days during the 
screening period).

6 Possess detectable circulating GAD65 antibodies (lowest level of detection defined by the method used by the central 
laboratory).

7 Possess HbA1c levels between 35 to 80 mmol/mol (5.4 to 9.5%) on at least one occasion prior to randomisation 
(maximum one additional test within 1 month from Visit 1B).

8 Be on a stable insulin dose or insulin dosing regimen for 1 month prior to inclusion with limited fluctuation of daily insulin 
requirement based on investigator’s assessment. For example, if the average insulin dose/kg/24 hours over a 7 day period 
compared with the previous 7 day period does not vary more than approximately 15% and/or if the daily insulin dose 
does not vary more than 0.1 U/kg/24 hours, the dose can be considered stable. Individuals that are diagnosed with T1D 
according to the ADA classification but are not taking insulin are eligible to participate.

9 i. Females of childbearing potential (FOCBP) must agree to avoid pregnancy and have a negative pregnancy test 
performed at the required study visits. FOCBP must agree to use highly effective contraception, during treatment and, 
until 90 days after the last administration of study medication.

ii. Male patients must agree to remain abstinent from heterosexual sex during treatment and for 90 days after treatment 
or, if sexually active, to use two effective methods of birth control (eg, male uses a condom and female uses 
contraception) during and for 90 days after treatment.

GAD65, glutamic acid decarboxylase 65 kDa; HbA1c, haemoglobin A1c.
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Table 3 Exclusion criteria in the diagnode- 3 study

Patients are not eligible to be included in this study if any of the following criteria apply

1 Participation in any other trial aimed to influence beta cell function from time of diagnosis of T1D.

2. Treatment with any oral or non- insulin injectable anti- diabetic medication within 3 months prior to screening.

3. History of maturity- onset diabetes of the young.

4. Pancreatic surgery, chronic pancreatitis or other pancreatic disorders that could result in decreased beta cell capacity 
(eg, pancreatogenous diabetes).

5. History of DKA or severe hypoglycaemia requiring hospitalisation within 1 month before screening or severe episodes of 
hypoglycaemia requiring third party assistance within 1 month before screening.

6. Signs or symptoms suggesting very poorly controlled diabetes for example, ongoing weight loss, polyuria or polydipsia.

7. Haematological condition that would make HbA1c uninterpretable including:
a. Haemoglobinopathy, with the exception of sickle cell trait or thalassaemia minor, or chronic or recurrent haemolysis.
b. Donation of blood or blood products to a blood bank, blood transfusion or participation in a clinical study requiring 

withdrawal of >400 mL of blood during the 8 weeks prior to the screening visit.
c. Significant iron deficiency anaemia.
d. Heart malformations or vaso- occlusive crisis leading to increased turnover of erythrocytes.

8. Treatment with marketed or over- the- counter vitamin D at the time of screening and unwilling to abstain from such 
medication during the 120 days when the patient will be supplemented with the study- provided vitamin D. A patient 
currently taking vitamin D at the time of screening must be willing to switch to the study- provided vitamin D treatment 
and to administer it per the study requirements.

9. Any clinically significant history of an acute reaction to a vaccine or its constituents (eg, Alhydrogel).

10. Treatment with any (live or inactive) vaccine, including influenza vaccine and COVID- 19 vaccine, within 4 weeks prior to 
planned first study dose of study drug; or planned treatment with any vaccine up to 4 weeks after the last injection with 
study drug.

11. Any acute or chronic skin infection or condition that would preclude intralymphatic injection.

12. Recent (past 12 months) or current treatment with immunosuppressant therapy, including chronic use of glucocorticoid 
therapy. Inhaled, topical and intranasal steroid use is acceptable. Short courses (eg, ≤5 days) of oral or intra- articular 
injections of steroids will be permitted on trial.

13. Continuous/chronic treatment with prescribed or over- the- counter anti- inflammatory therapies. Short- term use (eg, 
<7 days) is permissible, for example to treat a headache or in connection with a fever.

14. Known or suspected acute infection, including COVID- 19 or influenza, at the time of screening or within 2 weeks prior to 
screening. After confirmed recent COVID- 19 infection, a negative PCR test will be required before randomisation.

15. A history of epilepsy, head trauma or cerebrovascular accident, or clinical features of continuous motor unit activity in 
proximal muscles.

16. Known diagnosis of HIV, hepatitis B or hepatitis C infection. Patients with previous hepatitis C infection that is now cured 
may be eligible.

17. Any clinically significant concomitant medical condition

18. History of significant hepatic disease

19. Estimated glomerular filtration rate calculated by Chronic Kidney Disease Epidemiology Collaboratio for those >18 years 
old, and by the Schwartz equation for those 12–18 years old, <90 mL/min per 1.73 m or rapidly progressing renal disease.

20. Patients with hypothyroidism or hyperthyroidism must be on stable treatment for at least 3 months prior to screening 
(with normal free thyroxine(T4) levels if hypothyroid).

21. Any clinically significant abnormal findings during screening, and any other medical condition(s) or laboratory findings 
that, in the opinion of the investigator, might jeopardise the patient’s safety or ability to complete the trial.

22. History of malignancy not in remission within the last 5 years other than adequately treated basal cell or squamous cell 
skin cancer or cervical carcinoma in situ.

23. Patients with any mental condition rendering him/her unable to understand the nature, scope and possible consequences 
of the trial, and/or evidence of poor compliance with medical instructions at screening or showing non- compliance during 
the run- in period.

24. A history of alcohol or drug abuse or dependence within the past 12 months based on Diagnostic and Statistical Manual 
of Mental Disorders (DSM) IV criteria.

25. Current or previous participation in a trial of Diamyd.

Continued
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I error rate will be controlled using a fallback procedure. 
A two- sided 4% alpha will be assigned to the primary effi-
cacy analysis in the overall population. The remaining 1% 
alpha will be assigned to the primary efficacy analysis in 
the HLA DR4- DQ8- negative subgroup.

A total sample size of 288 patients is planned for a 
2:1 randomisation to the rhGAD65 and placebo arms, 
respectively. This achieves 90% power to detect a clini-
cally relevant difference of 40% in geometric mean ratio 
C- peptide (AUCmean 0- 120 min) during an MMTT at month 
24 between the rhGAD65 arm and placebo arm using a 
two- sided test at the 4% significance level. This is based 
on a t- test employing natural log transformation of C- pep-
tide (AUCmean 0- 120 min) during an MMTT at month 24 and 
assumed CV of 0.95 based on simulations of EoS (month 
15) results in the placebo group of the phase 2b study 
DIAGNODE- 2. Allowing for 12% drop- out to month 24, 
approximately 330 patients will be randomised.

Statistical analyses
Primary efficacy analysis
Change from baseline in the coprimary endpoints will be 
analysed using a restricted maximum likelihood- based 
repeated measures approach (MMRM). The model for 
analysis will include fixed, categorical effects of such as 
for treatment and stratification variables, as well as inter-
actions effects such as between baseline value- by- visit 
and the fixed continuous covariates, such as baseline 
age. Patient identification number will be included as a 
categorical random effect. An unstructured covariance 
matrix will be assumed. If this analysis fails to converge, 
compound symmetry will be tested. The (co)variance 
structure converging to the best fit, as determined by 
Akaike’s information criterion, will be used as the primary 
analysis. The Kenward- Roger approximation will be used 
to estimate denominator df. Additional methods of sensi-
tivity analyses may be performed in the event that the 
proportion of missing values is greater than 5%. These 
analyses will compare the results from the MMRM model, 
which assumes that values are missing at random, with 
analyses assuming the values are missing not at random 
such as: return- to- baseline using multiple imputation 
and tipping point analysis. All sensitivity analyses will be 
regarded as exploratory, thus no formal adjustment for 
multiplicity will be performed.

Negligible measurement error is expected, which is 
assumed to affect all patients, time points and treatment 
groups equally. The total variance used in the sample size 
calculation is constructed from the within- subject and the 
between- subject component of variation. Based on the 
assumption that the measurement error is the same for 
everyone, it is therefore accounted for in the total vari-
ance estimate.

The coprimary endpoints will be tested sequentially, 
meaning that C- peptide is tested first, and, if significant, 
HbA1c is tested. Both co- primary endpoints need to meet 
the statistical significance criterion. The fallback proce-
dure described by Wiens and Dmitrienko33 will be used to 
test the primary endpoints in the overall population and 
in the HLA DR4- DQ8- negative subgroup.

If either of the coprimary endpoints is not statistically 
significant in the overall population at a two- sided signif-
icance level of 0.04, the coprimary endpoints in the HLA 
DR4- DQ8- negative subgroup will be tested sequentially 
at the 0.01 level of significance in an analogous manner 
to the primary analysis in the overall population. If both 
coprimary endpoints in the overall population are statisti-
cally significant at the two- sided 0.04 level, then the copri-
mary endpoints in the HLA DR4- DQ8- negative subgroup 
will be tested sequentially at the 0.05 level of significance 
in an analogous manner to the primary analysis in the 
overall population. The analysis of secondary and explor-
atory endpoints will be described in a statistical analysis 
plan (see online supplemental appendix 1) which will be 
finalised before the first patient is enrolled.

Patient and public involvement
Patients were not involved in the study design. Patients 
and Patient organisations (in Sweden Barndiabetes-
fonden) support recruitment through dissemination 
of information and participation in press conferences. 
Participating patients and caregivers will be informed 
about the outcome of the trial via webcast, letter and 
personal communication on the completion of the trial.

Ethics and dissemination
The trial will be performed in accordance with Inter-
national Council for Harmonisation guidelines, Good 
Clinical Practice (GCP) and principles of the Declara-
tion of Helsinki. The study has been approved by Ethics 

Patients are not eligible to be included in this study if any of the following criteria apply

26. Participation in a clinical trial involving administration of an investigational drug in the past 3 months or five half- lives 
(whichever is longer) prior to first dosing of study drug or during the trial.

27. Females who are breast feeding, pregnant or plan to become pregnant during the trial.

28. Patients who in the opinion of the investigator will not be able to follow instructions and/or follow the study procedures, 
or patients that are unwilling or unable to comply with the provisions of this protocol.

29. An employee or immediate family member of an employee of Diamyd Medical AB.

DKA, diabetic ketoacidosis; HbA1c, haemoglobin A1c; T1D, type 1 diabetes.

Table 3 Continued
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Committees in Poland (ref number: 124/2021), the Neth-
erlands (ref number: R21.089), Sweden (Ref number: 
2021- 05063), Czech Republic (ref number: EK- 1144/21) 
Germany (ref number: 2021361) and Spain (ref number: 
21/2021). Recruitment of participants is planned to start 
during 2022. Once the trial is completed, results will be 
published in international peer- reviewed scientific jour-
nals and presented at national and international confer-
ences. The main paper will include the primary and 
secondary outcomes. The manuscript will be submitted 
to an international peer- reviewed journal, and both posi-
tive, negative and inconclusive results will be published. 
The findings of the trial will be shared with participating 
sites and presented at national and international confer-
ences. The results will be registered at  ClinicalTrials. gov, 
in EudraCT and will be disseminated to the public.

Author affiliations
1Division of Pediatrics, Department of Biomedical and Clinical Sciences, Faculty of 
Medicine and Health Sciences, Linköping University, Linköping, Sweden
2Crown Princess Victoria Children's Hospital, Linköping, Sweden
3Diamyd Medical AB, Stockholm, Sweden
4Department of Neurobiology, Care Sciences and Society, Karolinska Institute, 
Stockholm, Sweden
5Department of Molecular and Clinical Medicine, University of Gothenburg, 
Gothenburg, Sweden
6NU- Hospital Group and the Sahlgrenska University Hospital, Uddevalla and 
Gothenburg, Sweden

Contributors JL conceived the idea and wrote the protocol for the DIAGNODE- 1 
trial on which the current trial is based . Thus, the design of DIAGNODE- 3 is based 
on the ideas of JL, with further support from UH, MW and AL. The protocol is written 
by JL, UH, LE, CN, PFT, MW, AL. JL, UH, LE, CN, PFT, MW, AL, RC and ML have 
taken part in writing and reviewing the manuscript. All authors have approved the 
manuscript for publication.

Funding This trial is sponsored by Diamyd Medical AB. This protocol is based 
on previous protocols initially used in DIAGNODE- 1 and DIAGNODE- 2, studies 
supported by Barndiabetesfonden (The Swedish Child Diabetes Foundation), 
Diabetesfonden (the Swedish Diabetes Association), FORSS (Research Council of 
Southeast Sweden) and ALF/County Council Region Östergötland.

Competing interests JL has received unrestricted grants from Diamyd Medical, 
and honoraria as consultant from Dompé International and Provention Bio. ML has 
received research grants from Eli Lilly and NovoNordisk and been a consultant 
or received honoraria from Astra Zeneca, Boehringer Ingelheim, Eli Lilly and 
NovoNordisk. LE, CN, PFT, MW, AL and UH are all employees of Diamyd Medical. CN, 
PFT, MW and UH own shares in Diamyd Medical.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Johnny Ludvigsson http://orcid.org/0000-0003-1695-5234
Linnea Eriksson http://orcid.org/0000-0003-0137-359X

REFERENCES
 1 DiMeglio LA, Evans- Molina C, Oram RA. Type 1 diabetes. Lancet 

2018;391:2449–62.
 2 Pettus JH, Zhou FL, Shepherd L, et al. Incidences of severe 

hypoglycemia and diabetic ketoacidosis and prevalence of 
microvascular complications stratified by age and glycemic control in 
U.S. adult patients with type 1 diabetes: a real- world study. Diabetes 
Care 2019;42:2220–7.

 3 Haynes A, Hermann JM, Miller KM, et al. Severe hypoglycemia 
rates are not associated with HbA1c: a cross- sectional analysis of 3 
contemporary pediatric diabetes registry databases. Pediatr Diabetes 
2017;18:643–50.

 4 O'Reilly JE, Jeyam A, Caparrotta TM, et al. Rising rates and widening 
socioeconomic disparities in diabetic ketoacidosis in type 1 diabetes 
in Scotland: a nationwide retrospective cohort observational study. 
Diabetes Care 2021;44:2010–7.

 5 Yau JWY, Rogers SL, Kawasaki R, et al. Global prevalence and major 
risk factors of diabetic retinopathy. Diabetes Care 2012;35:556–64.

 6 Nickerson HD, Dutta S. Diabetic complications: current challenges 
and opportunities. J Cardiovasc Transl Res 2012;5:375–9.

 7 Rawshani A, Sattar N, Franzén S, et al. Excess mortality and 
cardiovascular disease in young adults with type 1 diabetes in 
relation to age at onset: a nationwide, register- based cohort study. 
Lancet 2018;392:477–86.

 8 Lind M, Svensson A- M, Kosiborod M, et al. Glycemic control and 
excess mortality in type 1 diabetes. N Engl J Med 2014;371:1972–82.

 9 Foster NC, Beck RW, Miller KM, et al. State of type 1 diabetes 
management and outcomes from the T1D exchange in 2016- 2018. 
Diabetes Technol Ther 2019;21:66–72.

 10 Palmer JP, Fleming GA, Greenbaum CJ, et al. C- peptide is the 
appropriate outcome measure for type 1 diabetes clinical trials 
to preserve beta- cell function: report of an ADA workshop, 21- 22 
October 2001. Diabetes 2004;53:250–64.

 11 Steffes MW, Sibley S, Jackson M, et al. Beta- cell function and the 
development of diabetes- related complications in the diabetes 
control and complications trial. Diabetes Care 2003;26:832–6.

 12 Ludvigsson J. The clinical potential of low- level C- peptide secretion. 
Expert Rev Mol Diagn 2016;16:933–40.

 13 Jeyam A, Colhoun H, McGurnaghan S, et al. Clinical impact of 
residual C- peptide secretion in type 1 diabetes on glycemia and 
microvascular complications. Diabetes Care 2021;44:390–8.

 14 Herold KC, Hagopian W, Auger JA, et al. Anti- CD3 monoclonal 
antibody in new- onset type 1 diabetes mellitus. N Engl J Med 
2002;346:1692–8.

 15 Sherry N, Hagopian W, Ludvigsson J, et al. Teplizumab for treatment 
of type 1 diabetes (Protege study): 1- year results from a randomised, 
placebo- controlled trial. Lancet 2011;378:487–97.

 16 Quattrin T, Haller MJ, Steck AK, et al. Golimumab and beta- cell 
function in youth with new- onset type 1 diabetes. N Engl J Med 
2020;383:2007–17.

 17 Haller MJ, Schatz DA, Skyler JS, et al. Low- dose anti- thymocyte 
globulin (ATG) preserves β- cell function and improves HbA1c in new- 
onset type 1 diabetes. Diabetes Care 2018;41:1917–25.

 18 Rigby MR, Harris KM, Pinckney A, et al. Alefacept provides sustained 
clinical and immunological effects in new- onset type 1 diabetes 
patients. J Clin Invest 2015;125:3285–96.

 19 Pescovitz MD, Greenbaum CJ, Krause- Steinrauf H, et al. Rituximab, 
B- lymphocyte depletion, and preservation of beta- cell function.  
N Engl J Med 2009;361:2143–52.

 20 Ludvigsson J, Faresjö M, Hjorth M, et al. GAD treatment and 
insulin secretion in recent- onset type 1 diabetes. N Engl J Med 
2008;359:1909–20.

 21 Ludvigsson J, Krisky D, Casas R, et al. GAD65 antigen therapy 
in recently diagnosed type 1 diabetes mellitus. N Engl J Med 
2012;366:433–42.

 22 Wherrett DK, Bundy B, Becker DJ, et al. Antigen- based therapy 
with glutamic acid decarboxylase (GAD) vaccine in patients with 
recent- onset type 1 diabetes: a randomised double- blind trial. Lancet 
2011;378:319–27.

 23 Näntö-Salonen K, Kupila A, Simell S, et al. Nasal insulin to prevent 
type 1 diabetes in children with HLA genotypes and autoantibodies 

 on A
pril 6, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061776 on 31 O

ctober 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1695-5234
http://orcid.org/0000-0003-0137-359X
http://dx.doi.org/10.1016/S0140-6736(18)31320-5
http://dx.doi.org/10.2337/dc19-0830
http://dx.doi.org/10.2337/dc19-0830
http://dx.doi.org/10.1111/pedi.12477
http://dx.doi.org/10.2337/dc21-0689
http://dx.doi.org/10.2337/dc11-1909
http://dx.doi.org/10.1007/s12265-012-9388-1
http://dx.doi.org/10.1016/S0140-6736(18)31506-X
http://dx.doi.org/10.1056/NEJMoa1408214
http://dx.doi.org/10.1089/dia.2018.0384
http://dx.doi.org/10.2337/diabetes.53.1.250
http://dx.doi.org/10.2337/diacare.26.3.832
http://dx.doi.org/10.1080/14737159.2016.1210513
http://dx.doi.org/10.2337/dc20-0567
http://dx.doi.org/10.1056/NEJMoa012864
http://dx.doi.org/10.1016/S0140-6736(11)60931-8
http://dx.doi.org/10.1056/NEJMoa2006136
http://dx.doi.org/10.2337/dc18-0494
http://dx.doi.org/10.1172/JCI81722
http://dx.doi.org/10.1056/NEJMoa0904452
http://dx.doi.org/10.1056/NEJMoa0904452
http://dx.doi.org/10.1056/NEJMoa0804328
http://dx.doi.org/10.1056/NEJMoa1107096
http://dx.doi.org/10.1016/S0140-6736(11)60895-7
http://bmjopen.bmj.com/


11Ludvigsson J, et al. BMJ Open 2022;12:e061776. doi:10.1136/bmjopen-2022-061776

Open access

conferring increased risk of disease: a double- blind, randomised 
controlled trial. Lancet 2008;372:1746–55.

 24 Ludvigsson J. Combination therapy for preservation of beta cell 
function in type 1 diabetes: new attitudes and strategies are needed! 
Immunol Lett 2014;159:30–5.

 25 Battaglia M, Ahmed S, Anderson MS, et al. Introducing the Endotype 
concept to address the challenge of disease heterogeneity in type 1 
diabetes. Diabetes Care 2020;43:5–12.

 26 Krischer JP, Lynch KF, Lernmark Åke, et al. Genetic and 
environmental interactions modify the risk of diabetes- related 
autoimmunity by 6 years of age: the TEDDY study. Diabetes Care 
2017;40:1194–202.

 27 Beam CA, MacCallum C, Herold KC, et al. GAD vaccine reduces 
insulin loss in recently diagnosed type 1 diabetes: findings from a 
Bayesian meta- analysis. Diabetologia 2017;60:43–9.

 28 Ludvigsson J, Wahlberg J, Casas R. Intralymphatic injection of 
autoantigen in type 1 diabetes. N Engl J Med 2017;376:697–9.

 29 Casas R, Dietrich F, Barcenilla H, et al. Glutamic acid decarboxylase 
injection into lymph nodes: beta cell function and immune 
responses in recent onset type 1 diabetes patients. Front Immunol 
2020;11:564921.

 30 Hannelius U, Beam CA, Ludvigsson J. Efficacy of GAD- alum 
immunotherapy associated with HLA- DR3- DQ2 in recently 
diagnosed type 1 diabetes. Diabetologia 2020;63:2177–81.

 31 Ludvigsson J, Sumnik Z, Pelikanova T, et al. Intralymphatic glutamic 
acid decarboxylase with vitamin D supplementation in recent- onset 
type 1 diabetes: a double- blind, randomized, placebo- controlled 
phase IIb trial. Diabetes Care 2021;44:1604–12.

 32 Greenbaum CJ, Mandrup- Poulsen T, McGee PF, et al. Mixed- meal 
tolerance test versus glucagon stimulation test for the assessment 
of beta- cell function in therapeutic trials in type 1 diabetes. Diabetes 
Care 2008;31:1966–71.

 33 Wiens BL, Dmitrienko A. The fallback procedure for evaluating a 
single family of hypotheses. J Biopharm Stat 2005;15:929–42.

 on A
pril 6, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061776 on 31 O

ctober 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/S0140-6736(08)61309-4
http://dx.doi.org/10.1016/j.imlet.2014.02.006
http://dx.doi.org/10.2337/dc19-0880
http://dx.doi.org/10.2337/dc17-0238
http://dx.doi.org/10.1007/s00125-016-4122-1
http://dx.doi.org/10.1056/NEJMc1616343
http://dx.doi.org/10.3389/fimmu.2020.564921
http://dx.doi.org/10.1007/s00125-020-05227-z
http://dx.doi.org/10.2337/dc21-0318
http://dx.doi.org/10.2337/dc07-2451
http://dx.doi.org/10.2337/dc07-2451
http://dx.doi.org/10.1080/10543400500265660
http://bmjopen.bmj.com/

	Phase III, randomised, double-blind, placebo-controlled, multicentre trial to evaluate the efficacy and safety of rhGAD65 to preserve endogenous beta cell function in adolescents and adults with recently diagnosed type 1 diabetes, carrying the genetic H
	Abstract
	Introduction
	GAD antigen-specific immunotherapy to preserve endogenous insulin secretion
	Objectives

	Method and analysis
	Overall study design
	Screening and run-in period
	Double-blind treatment period and long-term follow-up
	Study population
	Study assessments
	Demographics and study procedures

	Clinical laboratory assessments
	Laboratory assessments of diabetes status
	Safety and other laboratory assessments
	Immunology assessments

	Continuous glucose monitoring
	Time period and frequency for collecting AE and serious AE information
	Statistical considerations
	Sample size and power

	Statistical analyses
	Primary efficacy analysis

	Patient and public involvement
	Ethics and dissemination

	References


