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Type 1 diabetes

e Auto-immune destruction of the beta cells
— complete insulin loss: no other pathology

o Successful insulin replacement




‘Unspeakably wonderful!’ Elizabeth Hughes 1907-1981



Hypoglycaemia
‘Insulin reactions’ seen since its earliest use

“.....dangerous hypoglycaemia can occur without
warning symptoms..... "

“.....insulin is not a cure for diabetes, but a potent
preparation, alike for evil and for good.’

Joslin, 1922
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Section 5:
Clinical Trials in Diabetes

Complication Primary Secondary Both cohorts
prevention prevention
(Risk reduction, %) | (Risk reduction, %) | (Risk reduction, %)

Microalbuminuria
(UAE > 40 mg/24 hrs)

Albuminuria
(VAE > 300 mg/24 hrs)

‘My greatest phobla 1S rats but I would
rather hold a rat than have a hypo’



Benefits and risks in the DCCT
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Benefits and risks in the DCCT
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HbA1C %
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Prevention of recurrent severe
hypoglycaemia
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No diabetic ketoacidosis
No injection site infection Thomas et al.,
No serious adverse events Diab Med (2007)



Distribution of Blood Glucose One Week
Before and During 48H-“Closed-Loop’

E. Renard et al, Lapeyronie Hospital, Montpellier, France

Reference Point | Before Closed- | During ‘Closed-
Range Loop Loop’
< 3.8 mmol/l 25 % 14 %
3.8-6.7 mmol/I 25 % 60 %
6.7 — 13 mmol/l 45 % 26 %
>13 mmol/l 5% 0 %
Average Glucose (mmol/l) 6.4 5.8
Daily Insulin Use (1U) 35 45




INSULIN IS
NOTA GURE
FOR DIABETES.
ITJUST KEEPS
PEOPLE ALIVE

UNTIL WE
FIND ONE.

Support the Research of the American
American Diabetes Association Association
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Blueprint for a double transplant

To cure Scott Bovdes’ diabetes and restore his body's ability to filter
toxins from his blood, doctors transplanted two organs from an
accident victim. The double transplant is an increasingly popular
though controversial treatment among the nation's 1 million insulin-
dependent diabetics. About 1,000 such transplants are performed
each year in the United States.

How it's done: Doctors attach a new pancreas and kidney to the
major blood vessels in the lower abdomen. Scott's defective but
somewhat functional pancreas and kidneys are left untouched.

Kidney: The new kidney Original
gives Scott three, though  Kidneys |
his ongmnal two were

damaged by diabetes. The

donated kidney filters the
body's natural toxins from
the blood and drains them
into the bladder,

Pancreas: The organ
produces the hormone
insulin. When the new
pancreas is hooked up to
Scott's blood supply, the
organ produces Iinsulin
immediately, curing his
diabetes.

Saurce: Diabetes Instdute for Immrunology and Traesplatstion (ISA TODAY
at the University of Minnsscta




Vascularised pancreas transplantation

» QOffers the potential of ‘cure’
— normal glucose
— prevention of hypoglycaemia

 Requires human donor pancreas
— long hospital stay; 20% re-operation; 5% mortality

 Requires life-long Immunosuppression
— risk of severe infection / tumours
— combined with kidney transplant
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Transplantation of Native Islets
for Patients with Pancreatitis

> 4

Islet Autografts from 1990 - 2000

® [nstitutions Minneapolis 54

Leicester 34

Geneva 14

Indianapolis 11

11 other Institutions 27

No. of cases 140

Insulin-independent = 7 days (1990-2000): 41 /64* (64%)
Insulin-independentat =1 yr

(1990-1999 + one year follow-up): 27 /57" (47%)

if more than 300,000 IEQ transplanted: 15/721* (71%)

Longest insulin-independence follow-up
after total pancreatectomy: >13 yrs

* only well documented cases

2000 data on file incomplete




Insulin Independence Following Islet Transplantation in Man
A Comparison of Different Recipient Categories

—@— PIDM-Auto 1990-99 (n=57)" —4— PIDM-AUto 1990-99 (n=21)"
—@— Type-1-DM-All0 1990-99 (n=237") = 300,000 IEQ

o 1 2 3

* only well documented patients




The New England
Journal of Medicine

S Copyright, 2000, by the Massachuserts Medical Sociery

VOLUME 343 JuLy 27, 2000 NUMBER 4

&
ISLET TRANSPLANTATION IN SEVEN PATIENTS WITH TYTE 1 DIABETES
MELLITUS USING A GLUCOCORTICOID-FREE IMMUNOSUI'FRESSIVE REGIMEN

AM. James SHarro, M.E., B.S,, JonaTHan R.T. Lakey, PH.D., Eomono AL Ryan, M.D., GReGory 5. KoreutT, PH.D.,
ELLEM ToTH, M.D., GarTH L. Warnock, M.D., Norman M. ENeTEMaN, WM.D., anD Ray V. Rado1TE, PH.D.

» 7 Type 1 patients with severe hypoglycaemia

— metabolic instability

» |slets purified without animal proteins

— Immediate transplantion
— 2-3 donors for each recipient

« Steroid (cyclosporin)-free Immunosuppression
— sirolimus (rapamycin); tacrolimus (FK506)
— daclizumab (IL-2 receptor monoclonal antibody)
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Islet transplant activity
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UKITC: first 12 patients

HbAlc severe hypoglycaemia
Proof of principle for designated DoH funding



King’s College Hospital: case study

Born 1944 - type 1 DM 1966
Keen runner

1998: first reported problems with hypos after
exercise

By 2002 — recurrent severe hypoglycaemia —
stopped running

Problems persisted on insulin pump treatment
despite sub-optimal control: HbAlc 8.4%

Unable to care for grand-daughter due to fear of
severe hypos




Continuous Glucose Monitoring Pre-transplant

Glucose Sensor Profile
Modal Day
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2 X Islet Infusions
January 2004

e HbAlc 7.4%
e Detemir 8-10 units bd
e No hypoglycaemia
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Edmonton protocol

65 patients by 15t November 2004: 80% SH

— 80% off Insulin injections 1 year: several donors required
— 10% off insulin injections at 5 years
— 80% still making insulin at 5 years

 HbAlc 6.4%; majority no recurrent hypoglycaemia

Ryan EA et al., Diabetes 2005



Diabetes Control
HbA1cC

months

PreTx 3 12 24



CGMS profiles

Non-transplanted
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Effect of Islet Transplantation on
hypoglycaemia burden
I Pre-TX

Post-Tx
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Surgical complications

One unrelated death

Bleeding (4%)

— smaller catheter / Avitene paste (0%)
Portal vein thrombosis (4%)

Gall bladder related (4%)

— dye Injection; bleeding; no perforations
Transient liver inflammation

— acute rise in portal venous pressure after 3 transplant
— glycogen accumulation / steatosis (MRI / IHC)



Drug Target Distribution and Toxicity

Neurotoxicity

Hypertension
Hypercholesterolemia

Immunosuppression
Diabetes

Nephrotoxicity

Sirolimus, Tacrolimus

near ubiquitous target
distribution

Mouth ulcers
Diarrhoea

Acne

Peripheral oedema
Ovarian cysts
Proteinuria
Anaemia
Hypertension
Hyperlipidaemia
Pneumonia
Papillary thyroid cancer



CITR: Islet Transplant Centres (N=23)
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HbA, - pre-infusion and post-last
Infusion: ITA 1999-2005 (n=203)




Islet after kidney transplantation

36 T1DM renal transplant recipients (Newcastle)
— excellent ongoing renal function / QoL

Mean HbAlc: 9.1%; AHA/SH: 83%
High risk of vascular event / recurrent nephropathy
25% aged over 50 years: not suitable for PAK

Liberation from insulin injections and SMBG
— less important than avoidance of complications



HbA, - pre-infusion and post last
Infusion: 1AK (n=22)
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Decay In islet function over time

Instant blood-mediated inflammatory reaction
Chronic allograft rejection

Undiagnosed acute rejection

Recurrent autoimmunity

Drug toxicity (Tac/Srl)

Failure of islet regeneration (Tac/Srl)

New antithrombotic protocols
B-cell function / insulin resistance
Auto-antibodies (GAD, ICA, IA2)
T cell response

Panel reactive antibody response
Serial systematic graft biopsies:
Infiltrates. islet amvloid. fibrosis



In vivo Islet Imaging
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FDA-approved Feridex labelling Bonner-Weir Diabetes 2006



Survival (%0)

Kaplan-Meier Survival Curves (Insulin Independence)
From time of first transplant
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Miami / GRAGIL / Nordic networks

Transport of islets between centres:
equivalent outcomes to locally purified islets



New model for cell-based therapy
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An NHS Islet Transplant Programme

Maximise retrieval of suitable organs
— address mismatch: organs; isolation facilities; patients

Equity of access to integrated NHS service

— regardless of post-code and ephemeral research funds
2 1solation units: uninterrupted / quality assured
6 transplant centres

— assessment; transplant; follow up

Allocation of optimally retrieved organs
— according to national prioritised waiting list
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Final common pathway for accredited cell
processing and clinical transplantation

Islets
Diabetes
MHRA Stem Cell
Manipulation Unit : Tra[‘}i]pi![ant

Adult
Stem Cells \

7

GMP
Tissue Bank




Reproducible single donor success

8 consecutive achieved insulin independence
— 5 (63%) maintained for greater than 1 year

Recipient selection: weight <70Kg; <40U/day
— donors <50 years old; BMI >27

RATG; daclizumab; etanercept induction
— Islet culture; peri-transplant iv insulin; heparinisation

Insulin requirement: Inadequate Immunosuppression
— positive islet autoantibodies

Hering et al., JAMA 2005



David Sutherland: Minnesota:

‘Career devoted to availing pancreas transplants for those
wanting this procedure’

‘Pancreas transplants are associated with a relatively high
Incidence of surgical complications and the whole gland
IS transplanted solely to supply one cell — the only one
missing In Type 1 diabetes, the beta cell’

‘If ever there was a solid-organ transplant that could be
replaced by a cellular transplant, it is islet for pancreas
transplantation. If there was ever an indication for
wholesale transfer from major to minimally invasive
surgery, this is 1t’



UK Islet Transplant Consortium
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Conclusions

Islet transplantation proven benefit
— In T1DM complicated by severe hypoglycaemia

Careful candidate selection imperative
— Insulin sensitive without renal failure
— adequate trial of optimised conventional therapy

Progress towards single donor success
Long-term insulin independence next goal
Conduit for all B-cell replacement approaches






