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• “The transformation and subsequent 
eradication of type 1 diabetes is possible – it 
just requires sufficient ambition and focus”



Sufficient ambition …and focus



Type 1 diabetes

• ….. The unmet need….

• …we have to want to do this enough…



HbA1c levels in T1D in Scotland
2008 (n= 21,719)

(Livingstone et al 2012)
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T1D Exchange data 2014 (USA)

achieved lower HbA1c levels did so with-

out increased frequency of SH (Table 4).

At least one DKA event in the prior 3

monthswasreported by3%of the2,561

participants, with the highest occur-

rence being young adults (5%). With

the exception of the 2–5-year-old age-

group where the sample size wassmall,

the frequency of DKA tended to be

higher among participants with higher

HbA1c levels and slightly lower among

participants using an insulin pump.

CONCLUSIONS

The HbA1c data collected by the T1D Ex-

change clinic registry at a large, geograph-

ically diverse number of pediatric and

adult diabetes treatment centers provide

an up-to-date picture of metaboliccontrol

of type 1 diabetes across the life span. A

positive aspect of these data is that the

mean HbA1c levels in patients $ 30 years

of age are lower than the ; 8.0% (; 64

mmol/mol) that has been observed in

DCCT/EDIC patients during the past 20

years (1). The most troubling aspect of

the data is that the mean HbA1c level of

9.0% (75 mmol/mol) in 13–17-year-olds

in the registry is only slightly lower than

the 9.5% (80 mmol/mol) seen in 13–17-

year-olds at the start of the DCCT in the

1980s (15). Clearly, advances in diabetes

management over the past two decades

have been less successful in overcoming

the special challenges in managing teen-

agers than adults with type 1 diabetes.

Our data also indicate that the majority of

“emerging adults” in their 20s do not fully

emergewithregardtoglycemiccontrol until

they reach 30 years of age. Given DCCT/

EDIC data on the persistent benefit of in-

tensive versusconventional glucosecontrol

(7.3 vs. 9.1%[56 vs. 76 mmol/mol] during

the DCCT) on vascular outcomes 20 years

later (16), thecontemporaryelevatedHbA1c

seen in theadolescentsand youngadultsin

the T1D Exchange suggests a similarly ele-

vatedriskfor futurecomplicationsuntil they

reach 30 yearsof age.

In across-sectional comparison, the av-

erage HbA1c at the most recent update

was higher than at enrollment (8.4 vs.

Figure 1—Mean HbA1cby age. Average HbA1c for each year of age was plotted using the most recent HbA1cvalue available for each of the 16,057

participantswitharecent update. Thelinewasest imatedusinglocal regression scatter plot smoothing(LOESS),which isanonparametricmethod for

estimating the regression equation that fits a smoothing parameter. Circles represent the mean HbA1c for each year of age. Participants , 4 years

were lumped asage4 and participants$ 75 yearswere lumped at age 75. Gray shaded arearepresentsthe 95%CI around the smoothed LOESSline.

Numbers next to circlesare the n for each year of age.

Figure 2—Percent of patients achieving

HbA1cADAtargetsbyage-group.HbA1ctarget

for those aged , 18 years is , 7.5% (, 58

mmol/mol). HbA1c target for those aged

$ 18 years is , 7.0%(, 53 mmol/mol).

care.diabetesjournals.org Miller and Associates 975

Miller et al 2015



Achieving ideal glycaemic control 
with insulin is almost impossible

(n=1000 from diabetes clinic)
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Diabetes Death Rates Among Youths Aged 
≤19 Years — United States, 1968–2009

Center for Disease Control and Prevention, 2012



Excess mortality in young people with T1D 
is due to DKA and hypoglycaemia

Arch Dis Child. 2018 Jan;103(1):44-48

N= 3642



The unmet need….





Type 1 diabetes

• …… the benefits of c-peptide (beta cell) 
preservation



Loss of beta cell function after Dx

Palmer et al 2004

Adults

Adolescents

5th pc normal

“Clinically
Significant”

http://diabetes.diabetesjournals.org/content/vol53/issue1/images/large/zdb0010490060002.jpeg
http://diabetes.diabetesjournals.org/content/vol53/issue1/images/large/zdb0010490060003.jpeg


UK NPDA

HbA1c: 58mmol/mol =7.5%; 75mmol/mol=9.0%



Effects of preserved insulin
(c-peptide) – data from children

C-peptide HbA1c % < 7.5 Insulin 
(U/kg/d)

< 0.04 8.49 18.4 1.07

0.04-0.2 8.10 32.3 1.08

> 0.2 7.47 51.9 0.93

Sorensen et al 2013



Mixed Meal 
Tolerance 

Test



Risk of severe hypoglycaemia
in Danish children
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Residual insulin reduces the risk of 
severe hypoglycaemia
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Long term outcomes in DDCT
study vs c-pept at entry
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Why do people like Libre?

• Because of the arrows….making life more 
predictable



Keymeulen et al 2015



Glycemic Variability
(CGM data)

Health Volunteers Ab+ Relatives

Ab+ Relatives 
that progress

Ab+ Relatives 
With dysglycaemia

T1DT1D in remission 
<0.5 U/kg/day insulin and

HbA1c <7% 

Keymeulen et al 2015



Goal

• “The best beta cells are your own beta cells”

• Preserving as much endogenous beta cell function 
as possible for as long as possible has the 
potential to improve short and long term 
outcomes markedly in T1D
– Glucose variability

– Hypoglycaemia

– Ketoacidosis

– Achievable HbA1c

– Reduced complications – “legacy effect”



• Preserving as much endogenous beta cell 
functions as possible for as long as possible has 
the potential to improve outcomes markedly in 
T1D….especially for those least engaged with 
their therapy



Autoantibodies are present many years before 
people are diagnosed with type 1 diabetes



Progression from dysglycaemia



Staging of type 1 diabetes



Stimulated 
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T1D Exchange data 2014 (USA)

achieved lower HbA1c levels did so with-

out increased frequency of SH (Table 4).

At least one DKA event in the prior 3

monthswasreported by3%of the2,561

participants, with the highest occur-
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Low risk immunotherapy



Immunointervention:
Optimising benefit vs risk



Treatment Example Risk of side-effects

General 
Immunosuppression

Drugs use for organ 
transplants

High

Different types of immunotherapy



Treatment Example Risk of side-effects

General 
Immunosuppression

Drugs use for organ 
transplants

High

Selective 
immunosuppression

Newer drugs used for 
example in arthritis, skin 

diseases

Low

Different types of immunotherapy



Treatment Example Risk of side-effects

General 
Immunosuppression

Drugs use for organ 
transplants

High

Selective 
immunosuppression

Newer drugs used for 
example in arthritis, skin 

diseases

Low

Boosting immune
regulation

“vaccines”, protective cells, 
drugs to boost protective 

cells

Very low

Different types of immunotherapy



Treatment Example Risk of side-effects

General 
Immunosuppression

Drugs use for organ 
transplants

High

Selective 
immunosuppression

Newer drugs used for 
example in arthritis, skin 

diseases

Low

Boosting immune
regulation

“vaccines”, protective cells, 
drugs to boost protective 

cells

Very low

Different types of immunotherapy



Immunobiologics licensed for 
psoriasis

• Anti-TNF

– Infliximab

– Etanercept

– Adilimumab

• Anti-IL-12/IL-23

– Ustekinumab

• Anti-IL-17

– Ixekizumab

– Secukinumab

– Brodalumab

• Anti-IL-23

– Guselkumab



The immune system



Genetic overlap with other 
autoimmune diseases (around 50%)

Pociot and 
Lernmark 2016

RA
SLE

PBC

MS

ATD
Crohns

IBD

Coeliac

Psoriasis

Vitilogo

T1D



Immunotherapy of 
type 1 diabetes



Immunotherapies
with clinical trial evidence of 

beta cell preservaton
• Anti-CD3

• Anti-CD2

• Anti-CD20

• ATG

• CTLA-4Ig

• (anti-TNF)



Most durable effects from T cell 
depletion and repopulation

• Anti-CD3

• ATG

• Alefacept





4 year outcomes with anti-CD3
(Belgian Diabetes Registry Otelixizumab study)

Keymeulen et al 2010



Teplizumab (Anti-CD3) AEs
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Table 4

All serious adverse events, adverse events occurring in 10% or more of patients in any treatment group, and

adverse events of special interest

14-day full-dose
group (n=209)

14-day low-dose
group (n=102)

6-day full-dose
group (n=106)

Placebo group (n=99)

Any adverse event

Total adverse events 207 (99%) 101 (99%) 106 (100%) 98 (99%)

Blood and lymphatic system disorders 181 (87%)* 88 (86%)* 85 (80%)* 51 (52%)

 Lymphopenia 153 (73%)* 70 (69%)* 79 (75%)* 19 (19%)

 Leukopenia 98 (47%)* 49 (48%)* 50 (47%)* 23 (23%)

 Neutropenia 76 (36%)* 39 (38%)* 21 (20%) 20 (20%)

 Anaemia 30 (14%) 13 (13%) 10 (9%) 13 (13%)

 Thrombocytopenia 21 (10%) 8 (8%) 15 (14%) 10 (10%)

Gastrointestinal disorders 71 (34%) 31 (30%) 44 (42%)* 26 (26%)

 Nausea 41 (20%) 16 (16%) 21 (20%) 11 (11%)

 Vomiting 30 (14%)* 8 (8%) 14 (13%)* 5 (5%)

General disorders and administration site
conditions

89 (43%) 41 (40%) 44 (42%) 36 (36%)

 Pyrexia 44 (21%) 18 (18%) 28 (26%) 20 (20%)

 Fatigue 22 (11%) 9 (9%) 15 (14%)* 5 (5%)

 Chills 20 (10%)* 5 (5%) 13 (12%)* 2 (2%)

Hepatobiliary disorders 24 (12%) 10 (10%) 9 (9%) 9 (9%)

Immune system disorders 18 (9%) 3 (3%) 9 (9%) 3 (3%)

 Cytokine release syndrome † 12 (6%)* 2 (2%) 8 (8%)* 0

Infections and infestations 94 (45%) 53 (52%) 55 (52%) 54 (55%)

 Upper respiratory tract infection 26 (12%) 19 (19%) 21 (20%) 15 (15%)

 Nasopharyngitis 21 (10%) 9 (9%) 13 (12%) 11 (11%)

 Acute mononucleosis-like syndrome † 15 (7%) 4 (4%) 5 (5%) 8 (8%)

Injury, poisoning and procedural complications 22 (11%) 8 (8%) 12 (11%) 8 (8%)

Laboratory investigations 190 (91%) 93 (91%) 99 (93%)* 84 (85%)

 Blood bicarbonate decreased 83 (40%) 57 (56%)* 38 (36%) 36 (36%)

 Haemoglobin decreased 66 (32%) 32 (31%) 38 (36%) 30 (30%)

 Aspartate aminotransferase increased 72 (34%) 25 (25%) 35 (33%) 30 (30%)

 White blood cell count decreased 79 (38%)* 27 (27%) 34 (32%)* 18 (18%)

 Alanine aminotransferase increased 72 (34%)* 25 (25%) 31 (29%)* 16 (16%)

 Lymphocyte count decreased 46 (22%)* 16 (16%) 25 (24%)* 11 (11%)

 Neutrophil count decreased 41 (20%) 17 (17%) 25 (24%) 14 (14%)

 Blood alkaline phosphatase increased 28 (13%)* 18 (18%) 16 (15%) 25 (25%)

 Blood sodium decreased 37 (18%) 17 (17%) 14 (13%) 15 (15%)

 Platelet count decreased 32 (15%) 12 (12%) 15 (14%) 9 (9%)

Lancet. Author manuscript; available in PMC 2012 August 6.

Protégé study, n= 516
Sherry et al 2011



ATG -AEs

Haller et al 2018



Abatacept AEs



Alefacept (anti-CD2)

• Licensed for use in psoriasis

• Weekly intramuscular injection for 12 weeks 
(2 courses)

• No local reactions or increased risk of 
infections noted

• Improved insulin levels for 2 years

• …drug no longer available (manufacturer 
ceased production)



Alefacept treatment

Rigby et al 2015



Alefacept –
Reduced hypoglycaemia

Rigby et al 2015



USTEKID: ustekinumab in 
adolescents with new-onset T1D

Funder: UK NIHR Efficacy and 
Mechanism Evaluation Programme



Ustekinumab – a licensed s.c. therapy for 
psoriasis in 12-18yr olds



Mechanism of action: inhibits 
generation of Th1 and Th17 T cells



Reported SEs with Ustekinumab



Some New Onset T1D 
studies due to report in 2019

• Anti-IL-21

• Anti-TNF

• Anti – IL-6R

• [Also Trialnet Anti-CD3 prevention study)



Sequential preservation
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Treatment Example Risk of side-effects

General 
Immunosuppression

Drugs use for organ 
transplants

High

Selective 
immunosuppression

Newer drugs used for 
example in arthritis, skin 

diseases

Low

Boosting immune
regulation

“vaccines”, protective cells, 
drugs to boost protective 

cells

Very low

Different types of immunotherapy



T1DM

Controls

Polarization of autoreactive T cell 
responses in T1DM
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Antigen Specific Immunotherapy
An “unvaccine”

• Give self-antigen

• In non-immunogenic form

• In absence of inflammation

• To boost regulatory T cells

• Reduce  effector T cells



Peptide therapy given up to 12 times was safe with no 
hypersensitivity or exacerbation of disease



Immunotherapy of 
type 1 diabetes



Risk of diabetes



Why is there no licensed therapy for T1D?

1. The “Curse” of insulin
– Unmet need is not perceived

2. Need to treat soon after diagnosis
– < 5% of people can take part in trials and “protected”

3. Trial end point (MMTT) “difficult”
– Slow (12 months)
– Unsuitable for children

4. No surrogate biomarkers or imaging technique
– Can’t screen drugs rapidly against target
– Can’t dose optimise

5. No defined clinical endpoint
– No regulatory approval path

6. Only a “cure” will do…and it should be low risk!
– No other autoimmune disease is cured



A commercial disaster area

No unmet 
need

Small patient 
pool

Slow end pt

No 
biomarker

No clinical 
endpoint

Low priority
No market

Expensive, 
slow clinical 

development

Late stage 
drug failures

Can’t licence
therapies

No investment Oncology



Unravelling the knot





Advanced composite endpoints

v1.0

Page 30 of 58

studies

2. 10-25x106 PBMC

3. RNA later sample for cell free DNA studies

4. 5-10ml samples suitable for short non coding RNA (including micro RNA) and exosome studies.  
Collection is harmonised with the INNODIA study for which the Mechanistic Core is the co-ordinating laboratory. 
This will represent a key resource for rapidly validating new immune and metabolic biomarkers across several 
trials without requiring prospective validation in a new trial.
 
2d. Infrastructure to agree resource sharing.
Trials run by the Consortium will have different sponsors. Governance and contractual arrangements will 
therefore be put in place to allow sharing of resources for future combined analyses across trials and 
Consortium users encouraged to engage with these agreements:
 
2e. Single point of contact for prospective study participants – T1D UK Immunotherapy Research Contact 
Persons Network.
We will identify and train an individual in each paediatric and adult team (shared where possible) to be a 
“Contact Person” for type 1 diabetes immunotherapy research. The Consortium Manager and Nurse Trainer will 
keep the Contact Persons Network updated with a list of current and planned observational as well 
interventional studies, both in the area and in other areas of the country (for participants willing to travel) and a 
constantly updated flow chart for eligibility based on age, duration of diabetes and place of residence.
  

1. OBJECTIVE 3 – “FASTER”. Development and validation of a more efficient composite outcome 
measure for interventional studies.

Targets: 

• Retrospective comparison of beta-2 score to MMTT in previous trials complete by end of year 1 (n=5 
studies, > 100 subjects)

• At least two studies collecting data for calculation of beta scores 3-5 established by end of year 2. (n > 
100 subjects)

• Preliminary analysis of beta 3-5 scores in available data and comparison to MMTT by end of year 3. (n= 
50 subjects).

 
A major goal of the Consortium is develop and validate a new composite outcome that will allow evidence of 
potential efficacy of an intervention to be obtained sooner (6 months rather than 12 months), with fewer 
participants and less participant burden as discussed above – see Table 1. It is anticipated that most new 
studies will have CGM in their protocol, but not DBS which is costly to store and process. We are therefore 
requesting funding to offer DBS to two new studies. The Table below shows planned iterative developments of 
the currently used Beta-2 score.
  

Table 1 Beta score Beta-2 Beta-3 Beta-4 Beta-5
Daily insulin/kg X X X X X
HbA1c X X X (X) (X)
Fasting glucose X X    
90 min stimulated c-peptide X     
Fasting c-peptide  X X X X
CGM – time in range   X X X
CGM -hypoglycaemia    X X
Fingerstick post-prandial c-peptide     X

 
 
  

(Optional research document attachment - Dayan figures.pdf) is included as an appendix within this file.

Please provide references in full (including title, all authors, journal, year, volume and page numbers).
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Aim to collect evidence for beta 5:
• Lower burden for children
• More rapid end point



Stop making patients feel guilty



IMMUNOTHERAPY



www.type1diabetesresearch.org.uk



T1D UK Consortium



Conclusions

• Significant unmet need of glycaemic control in T1D
• Benefits of even short term preservation of small 

amounts of c-peptide preservation 
– Short term: Less hypoglycaemia, more time in range less 

DKA
– Medium term – death rates, DKA rates, pregnancy 

outcomes, educational outcomes
– Long term: reduced long-term complications

• Low risk immunotherapy is here today – let’s get it 
over the line

• Antigen specific immunotherapy and disease 
prevention will be here tomorrow



The discovery of insulin -

1921
Eradication of Type 1 

diabetes 2041



Vision post-2021

First beta cell 
preserving 

therapy 
licensed

Many companies 
marketing other 

low-risk 
immunotherapies

Beta cell preservation 
becomes priority at 

diagnosis:
“As much as possible for 

as long as possible”

Beta cell 
regenerative 

therapies

40% of adults and 
20% of children
> 200pmol for 

5yrs 

Diagnose T1D 
Earlier

(more c-peptide)

Beta cell 
restoration in 
longstanding 

patients

Antigen 
specific 

immotherapy

Diabetes 
Prevention 

begins

• T1D 
incidence 

falls
• Low c-

peptide 
T1D is rare

2021 2025 2031 2035 2041


