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School of Health
and Related Research

AN INTRODUCTION TO ScHARR

ScHARR brings together a wide range of health related skills including inter alia: health
economics, operational research, management sciences, epidemiology, medical statistics, and
information science. There are also clinical skills in general practice and primary care,
psychiatry, rehabilitation and public health. It includes the Medical Care Research Unit, the
Institute of General Practice and Primai'y Care, and the Sections of Public Health, Health
Policy and Management, Psychiatry (including Forensic Psychiatry), Health Economics,
Operational Research and Information Resources. SCHARR also has its own European Office,

providing the expertise to enable SCHARR to set up and develop quality European activities.

ScHARR is ideally placed to conduct applied and methodological health services research,
consultancy and teaching programmes for health services staff, having its unique diversity of
skills and experience and with its close contacts with the Department of Health and NHS
health authorities and trusts. It is a natural partner of the NHS. Its staff have in depth
knowledge of the NHS and many NHS staff have honorary appointments with SCHARR.

ScHARR employs about 200 multidisciplinary staff and attracts in excess of £4 million per
year in external support. It is spread across four sites; Regent Court, Minnaloy House, and the
Innovation Centre in the centre of Sheffield, and The Community Sciences Centre at the
Northern General Hospital. SCHARR houses The Sheffield Unit of the Trent Institute for
Health Services Research which is linked to units at the Universities of Leicester and
Nottingham. SCHARR supports statutory health bodies overseas and has partnership
arrangements with the far east, and, through its European Office, with other leading

universities and institutions in Europe.
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ScHARR’s mission is: To improve the health and well Being of the population through
excellent research, teaching, consultancy and advice.

The principal aims of SCHARR are to:

1.

2.

be a world class centre for health and health-related research, particularly Health
Technology Assessment and Health Services Research;

provide first-rate teaching and training, at all university levels from advanced
vocational courses to post-doctoral research training;

provide high quality, focused, consultancy services intended to improve health and
healthcare;

support the NHS in its aim of improving the health status of the population, developing
high quality information and promoting the evidence-base culture;

recognise honorary clinical staff for excellence in their clinical practice;

contribute further to the success of the University of Sheffield through collaboration
with, and support of, other Schools and Departments;

recognise the quality and maximise the work satisfaction of its staff and their
contribution to the School.

Professor Ron Akehurst, Dean of SCHARR

AUTHORS

Chris McCabe is Senior Lecturer in Health Economics for the Trent Institute for
Health Services Research and the Sheffield Health Economics Group at SCHARR.

Mike Campbell is Professor of Medical Statistics at the Institute of General Practice
and Primary Care at SCHARR.




Background

Diabetes is a common chronic disorder. Approximately 2% of the UK adult
population have been diagnosed as having diabetes. Community prevalence studies
suggest a similar number of undiagnosed cases'. The prevalence varies a great deal
across age groups and by ethnic origin. The South Asian and Afro-Caribbean
communities have much higher prevalence. The prevalence appears to increase with

. age in all communities.

There are two main types of diabetes, insulin dependent diabetes mellitus (IDDM),
often called Type 1 diabetes; and Non-insulin dependent diabetes (NIDDM), known
as Type 2. Type 1 diabetes accounts for approximately 10% of all diabetes cases.
Table 1 is based on Williams® and estimates the prevalence of Type II diabetes by age
group, in a representative health authority with a population of 500,000. This analysis
indicates that over 2 million people in the UK have Type 2 diabetes.

Table 1: Estimate of the prevalence of Type 2 (Non-insulin Dependent Diabetes)
in a Health Authority Population (n=500,000)

Age | Population | Number of | Lower 95% Confidence | Upper 95% Confidence
Cases Interval Interval

0-9 62800 3 0 25
10-19 68200 0 0 24
20-29 80200 88 48 140
30-39 68600 103 65 144
40-49 61800 254 201 319
50-59 53200 481 399 579
60-69 50400 791 ) 689 905
70-79 36400 1021 902 1152

80+ 18400 474 386 - 582

Diabetes is characterised by the range and potential severity of its comorbidities.
People with diabetes face increased risk of cardiovascular disease, renal failure,
peripheral vascular disease, peripheral neuropathy and retinopathy. The recently
published UKPDS studies have shown that both good blood glucose control (HbA1
<7%) and blood pressure control (systolic >160 and/or diastolic > 90 mmHg) are highly
effective in limiting the risk of these comorbidities™* . Consistent with this high risk

of comorbidities, is the large expenditure by the National Health Service on the care



of people with diabetes. Williams reports a minimum estimate of 4% of total health

L2
care expenditure”.

Current Treatment of Type Il Diabetes

Type II diabetes is managed initially through the restriction of energy and
carbohydrate energy and physical activity. When a patient has been shown to respond

inadequately.to these measures, oral antidiabetics can be prescribed.

The British National Formulary (BNF) describes three categories of oral antidiabetic:
Sulphonylureas, Biguanides and 'Other antidiabetics’.

Currently there are eight sulphonylureas, (Chlorpropamide, Glibenclamide,
Gliclazide, Glimepiride, Glipizide, Gligquidone, Tolazamide and Tolbutamide), one
biguanide (metformin) and two other antidiabetics (glucobay and gluarem), listed in
the BNF. There are generic versions of some of the sulphonylureas and of the

biguanide.

Sulphonylureas act by augmenting the individual's own insulin secretion. By
implication they are effective only when the individual retains some pancreatic

function.

Chlorpropamide and Glibenclamide are long acting sulphonylureas and as such may
carry an increased risk of hypoglycaemia compared to the shorter acting agents such
as tolbutamide and gliclazide ®. On this basis, these sulphonylureas are not

recommended for elderly patients, due to their higher risk of hypoglycaemia.

Sulphonylureas are generally contra-indicated for patients with impaired hepatic or
renal function. Obese patients may be better treated with metformin due to the weight
gain that is often associated with this therapy. They are completely contraindicated in
the presence of ketoacidosis. Caution in pregnancy is advised, and pregnancy is a
contraindication for Glimepiride, where animal studies have demonstrated toxicity.

Breastfeeding is a contraindication for all the sulphonylureas.
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In addition to hypoglycaemia, the side effects associated with sulphonylureas are
mostly gastrointestinal discomfort and headache. These tend to be mild and

infrequent.

Metformin, the only available biguanide has a different mode of action from the
sulphonylureas. It is used in the treatment of non-insulin dependent diabetes when
strict diet and sulphonylurea treatment has failed to produce adequate blood sugar

control. It may be used as a monotherapy or in combination with a sulphonylurea.

The contraindications for metformin are greater than for the sulphonylureas including,
predisposition to lactic acidosis, heart failure, severe infection or trauma, dehydration,
alcohol dependence, pregnancy and breastfeeding. The side effects are more
numerous and generally more severe in nature than for the sulphonylureas; including
anorexia, nausea, vomiting, diarrhoea, lactic acidosis, and decreased vitamin B12

absorption.

With the current range of therapies, some patient groups are not well catered for,
notably, the elderly.
Table 2 gives information on dosage and costs per day for all the antidiabetic drugs

currently included in the British National Formulary (BNF).



SWDASIIU=8 ‘S]2]GD] = SQU] ‘WNWIXDI = X0 ‘WRWIUIN = UL
AUvumng 19npodd WAONOAON pup JNg Woif pauiniqo uoynuLLofuf

6L°L3 0’03 [4 06 |0L'0¢C g0 06 LG°L) 9l G0 apluljbeday
Ly 03 2503 0009 001 296l 000S 0s L8 00051 000G} waleng
8L'L3 9103 001 06 |1/l 0S 06 L'yl 009 0S8 Aeqoon|o

-sajjaqeippue 1vyj0

103 2003 0S8 9§ |éd¢ 00S P8 - 4 000€ 0051 abeydoon|
¥60L3 | 90°03 0S8 0¢ |29 00¢S 02 LE0 000€ 00S1 ulwlions iy

: sopiuenbig
€003 00¢g 00l €e’e 000¢ 008G uouisey
2003 00s 0¢ 0 0002 008 aplweingjo |
6703 9003 0S¢ 00l |6¢ci 001 00l g9'¢g 0001 00} aseuejoj/eplueze|o |
¥0'03 09 00l ¥S'LL 08l Gl wJoualin|9/suopinbiio
Ly’ 03 90°03 ] 09 |[¥S°€ q'¢ 09 lE'€ (014 G'¢ qelpouliy
9003 g 9¢ €9°¢ oy g asauaqlo
L0°03 g 9g 80t ov g apizidilo
Y503 | 9103 14 0c (L9l 2 (01 6'v 14 b |Aewy/spuidawiio
21’03 08 09 L 0ce 08 uosjwelq
S¥'03 LL'03 08 09 849 08 8¢ [ 0ce 08 9pIZedlo
6€°03 LL'03 g 02 [€9¢ G'¢ 8¢ 8G°1 Gl S :oo:_ms,m_
LL'03 G'¢ 8¢ 8G'1L Gl G jjluceq-lwag
60°03 g 8¢ €9°¢ Sl ] jluceq
G2'G3 | 00€3 g 0 |s€ G'¢ 0¢ 0€ Gl G apiwepuaqlo
0423 | G223 0S¢ 0¢ |L¢C 001 0c 8l 00§ 0S¢ apiwedoidiolyn

seainjAuoyd|ng
asop asop
xew Jad| uiw sad xewl uw

3509 Ajleq| 3502 Ajleq| qe} Jad Buw |xew sqe] | xew 3so)| qejtad Bw | ulw sqe] | ulwison |Bw asoq xep| Bw asoqg LI\ Bruq

sardesay) onjaqeIp-NuE JUa.LIND 10] Aep J13d 3500 pue dgdeso( :7 dqe L




Repaglinide

Repaglinide is a new antidiabetic, belonging to a new class of antidiabetic, the
carbamoylbenzoic acid derivatives. Although structurally different from
sulphonylureas, Repaglinide also acts through the stimulation of insulin secretion.’

The process of insulin secretion is partially distinct from that of the sulphonylureas. 8

Repaglinide has been approved as a monotherapy and as combination therapy with
metformin where metformin monotherapy does not produce satisfactory blood

glucose control’.

Repaglinide is the first of a new class of antidiabetic agent, called 'prandial glucose
regulators’. They have a very rapid mode of action combined with a short duration of
activity. The effect of this is that they can be used to stimulate the secretion of insulin
just prior to eating, without carrying a risk of hypoglycaemia between meals and/or
overnight. ’ This may be of particular value for patients at increased risk of
hypoglycaemia such as the elderly. Both the UKPDS and the DCCT study have
highlighted the importance of managing glycaemic exposure in reducing the risk of

morbidity and mortality in NIDDM? 1°.

Evidence on Safety and Efficacy

The UKPDS established the importance of blood glucose regulation in reducing the
risk of mortality and morbidity in NIDDM®. Currently there are eight papers in peer
reviewed journals reporting randomised controlled trials (RCT) of Repaglinide. These

‘trials are described briefly below.

1. An open label, randomised group comparison study of repaglinide versus
glibenclamide in 44 patients with NIDDM already treated with sulphonylureas''.
Glibenclamide had a greater effect on fasting blood glucose and repaglinide
significantly lowered postprandial blood glucose. Both treatments reduced total

cholesterol. No abnormal findings attributable to repaglinide were observed in clinical



and laboratory examination and no hypoglycaemic symptoms caused by repaglinide

were observed.

2. A randomised placebo controlled trial of Repaglinide'?. Ninety-nine patients
were randomly allocated to either placebo or Repaglinide on a 1:2 ratio. After a two
week washout period and 6 weeks dose adjustment, patients were followed up for 12
weeks on their maintenance dose. This study found mean HBA1c reduced
significantly between baseline and last visit for patients on Repaglinide, whilst it
increased for patients on placebo. Repaglinide was safe and efficacious and shown to
have a ‘potent glucose lowering effect in the postprandial period’. There were more
cardiovascular adverse events in the Repaglinide arm. Further investigation showed
that these were generally in patients with established histories and unlikely to be

related to the study medication.

3. A multi-centre double blind randomised controlled trial of Repaglinide and
glyburide". Four hundred and twenty four patients were randomly allocated on a 2:1
ratio between Repaglinide and glyburide. After a six to eight-week dose titration
period, patients were followed up for one year. There were no statistically significant
differences in the time profile in Hbalc control nor in the incidence of adverse events.
The study concluded that ‘Repaglinide is a safe and efficacious oral blood glucose

lowering agent, with potency similar to that of glyburide’.

4. A randomised double blind trial of Repaglinide addition to metformin
monotherapy'®. Eighty three patients with poor control on metformin alone were
recruited and randomised to metformin monotherapy (n=27), metformin (n=27) and
Repaglinide , or Repaglinide alone (n=29). A four to eight-week titration period was
used to establish the optimum dose of Repaglinide where relevant. Metformin was
fixed at pre-study dosage. Patients were followed-up for a three-month maintenance
period. Hbalc decreased significantly in the metformin plus Repaglinide group, over
the duration of the study. The outcomes were in monotherapy groups were
comparable at baseline and last visit. Symptomatic hypoglycaemia was reported most
frequently in the combination therapy group and not at all in the metformin treated

group. The study concluded that combined therapy produced better glycaemic control




than metformin alone and that Repaglinide monotherapy was comparable to

metformin monotherapy.

5. A prospective 1 year multi-centre double blind randomised, parallel group
trial of glyburide and Repaglinide in patients with type 2 diabetes". Five hundred
and seventy six patients were randomised to receive Repaglinide or glyburide
monotherapy. An eight-week titration period was used to achieve a fasting blood
glucose target. The titrated dose was then maintained for 12 months. Repaglinide
provided glycaemic control at least as effective as glyburide. Overall, safety and
changes in lipid profile and weight were similar for both groups. Repaglinide at doses
of 0.5 to 4 mg, administered pre-prandially, 3 times a day, was well tolerated,

effective and safe over the 12 months of follow-up.

6. A double blind randomised comparison of meal-related glycaemic control by
repaglinide and glyburide in well-controlled type 2 diabetes patients“. 0Of 83
patients randomised, and entered in to the titration phase of the study, 43 were
entered into a 3 day study period in which half of the patients received 2 meals on the
first day and 3 meals and the second and third day, the other half receiving 3 meals on
the first day and two meals on the second and third days. All hypoglycaemic events
observed in this study were in glyburide treated patients on days when they received
only two meals i.e. lunch was skipped. The study concluded that the management of
people with Type 2 diabetes who miss or delay a meal is superior with repaglinide

compared to glyburide.

7. A comparison of repaglinide and glibenclamide in the treatment of type 2
‘diabetic patients previously treated with sulphonylureas 7. One hundred and
ninety five people who fitted the study criteria were randomised to receive either
repaglinide or glienclamide, for 14 weeks, in order to compare the efficacy and safety
within this patient group. The safety profile was similar with a non-significant
increase in mild and moderate hypoglycaemic events in the repaglinide group
compared to the glibenclamide group. The two hour postprandial blood glucose level
was lower in the repaglinide group, but this difference was not statistically
significantly, (p=0.068). There was no difference in the mean blood glucose levels nor

the mean blood glucose level relative to fasting blood glucose. The therapeutic



advantage of repaglinide reported in sulphonylurea naive patients was not reproduced

in this study'®.

8. Flexible prandial glucose regulation with repaglinide in patients with Type 2
diabetes'°. In this open label study twenty five patients were randomised across three
meal regimes, for 20 days (3 meals a day; 4,3,2,3 meal days over 5 four day cycles;
and 2,3,4,3 meals a day over 5 four day cycles). The objective was to assess the
efficacy of repaglinide in maintaining glycaemic control when meals are missed.
There was no significant difference in the serum fructosamine between the groups.
The maiimum blood glucose concentration was lower for patients on the 2 meal days,
than patients on the fixed or 4 meal days. This difference approached statistical
significance. There was no significant difference in the incidence of adverse events

between the groups. No hypoglycaemic events were observed during the study.

In addition to the published trials, six studies have been presented at scientific
conferences. Two further studies, described as data on file, have been referred to in a
recent review by the Midland Therapeutic Review and Advisory Committee

(MTRAC). 20 Four strong themes can been seen in the work to date:

Improved post prandial blood glucose levels
Comparable or superior efficacy of Repaglinide and the sulphonylureas;

Efficacy of Repaglinide when used as a ‘flexible pre-prandial’ therapy; and

el .

Longer term safety of Repaglinide therapy.

The MTRAC commentary highlighted the issue of observed differences in the
incidence of cardiovascular adverse events between the Repaglinide and
glyburide/glibenclamide. Their conclusion stated that ‘due to concerns regarding
safety, general practitioners are advised not to prescribe this drug.’ 20 By contrast the
Committee for Proprietary Medicinal Products concluded that “... after
statistical/epidemiological assessment of the data considering multiplicity testing and
analysis of missing values and also taking into account the pooled data with all

sulfonylureas in the comparative trials and the background frequency in patients with




Type 2 diabetes it was concluded that Repaglinide did not pose any increased risk of

cardiovascular events’. 2!

Following the MTRAC review, Campbell, Professor of Medical Statistics at the
University of Sheffield revisited the issue %

The crude absolute risk for all cardiovascular adverse events was higher for
Repaglinide than glibenclamide in each of the three comparative trials. These
differences were not observed in the comparative trials between Repaglinide and

gliclazide.

By analysing available ECG data for baseline and final follow-up, Campbell showed
an apparent excess in the number of patients whose baseline ECGs were normal, but
final ECGs were abnormal, for patients on Repaglinide compared with glibenclamide.

However, the difference was not statistically significant.
Campbell concludes:

“That there is no evidence that Repaglinide causes an increase in mortality or non-

serious cardiovascular side effects compared with any other drugs."



Cost and Cost Effectiveness of Repaglinide in the management of Type Il
Diabetes

Table 2 gives the cost per day of treatment for the minimum and maximum dosage,
for all the antidiabetics currently listed in the BNF, and for Repaglinide. The costs
have been calculated with the assumption that the minimum dosage will use the
smaller prescribing units i.e. tablets per pack, and the maximum dosage will use the
larger prescribing units. It is clear that prescribing Repaglinide represents a significant

increase in the treatment cost per patient.

There are, potentially, two reasons for prescribing Repaglinide to a patient rather than

their current therapy:

1. The health gain associated with Repaglinide compared to current therapy is
sufficient to justify the additional cost; and

2. The adverse events avoided due to the use of Repaglinide rather than current
therapy, are sufficient for Repaglinide to have a neutral or cost saving impact on the

total cost of care for patient.

Fox suggests that approximately 25% of people currently on Sulphonylureas and 13%
of patients on other antidiabetic therapies, would be candidates for Repaglinide
therapy. These would be (a) newly diagnosed cases, who are deemed to be at
significant risk hypoglycaemia, (b) patients whom current therapy is failing to
produce adequate glycaemic control, and (c) patients who are actively involved in the

management of their condition. %

Adapting Fox’s calculations for a population of a typical health authority (500,000),
there should be 833 patients who might be prescribed Repaglinide in the first instance.

Brown, suggests 6mg per day as an average dose for Repaglinide. Assuming this
proves to be correct, the cost per person per day on the 2mg tablets, would be £0.68.
The annual cost per person per year would be £248 and the annual cost for the health

authority would be £207,000.
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Whilst there will be some cost offset from patients switched from other
sulphonylureas or metformin, these are unlikely to be greater than 30%, given the
minimum and maximum daily cost data presented in Table 2. On this basis the
additional cost per patient is £174 per year. This equates to an additional £145,000

per year for the average health authority.

This level of additional expenditure is unlikely to be maintainable by most health
authorities in the United Kingdom. It will be necessary to identify those patients who
will receive the greatest benefit from switching to Repaglinide, in order to maximise

the health benefit from whatever level of additional expenditure is affordable.

Within the NHS, prioritisation decisions are increasingly informed by assessments of
- the cost per quality adjusted life year gained, from a new therapy over current
treatment. As a rule of thumb, therapies which exceed £10,000 per quality adjusted
life year gained are unlikely to be recommended for purchasing. Therapies that have

a cost per quality adjusted life year gained less than £3000 are highly recommended.”*

To demonstrate a cost per quality adjusted life year gained at the £10,000 threshold,
Repaglinide needs to identify patients in whom the switch to Repaglinide improves
their quality of life by at least 3.2 points (on scale of 0 to 100, where 0 equals dead
and 100 equals perfect health). To be highly recommended for purchasing, a quality
of life improvement around 10.8 points, must be demonstrated. Using the EQ-5D
instrument, repaglinide therapy would have to move the patient from level 2, to level

1, on at least one of the five dimensions. (See Appendix).”

These exploratory analyses have assumed that there is no mortality benefit for
Repaglinide over current therapies, -and that there are no realisable cost savings
available to the service from switching patients to Repaglinide. The UKPDS results,
suggest that mortality and morbidity benefits are possible in patients for whom current

therapies do not produce adequate blood glucose control 343

11



Discussion

Repaglinide is novel oral hypoglycaemic agent, with a different mode of action to the
current antidiabetic therapies. To date, trials involving slightly over 1500 patients,
have been reported in peer reviewed journals. These trials consistently report
equivalent efficacy and safety to the current range of therapies, and superior efficacy

in some specific patient groups.

The characteristics of the drug, specifically the rapid absorption and elimination,
suggest that there may be patient subgroups in which Repaglinide will offer
significant health/quality of life benefits; specifically patients at high risk of post-
prandial hyperglycaemia and those with irregular eating patterns. Research to quantify
and value these quality of life benefits would be very useful to health policy decision-

makers.

Given that the NHS is unlikely to be able to afford Repaglinide for all patients who
might benefit, prioritisation will be required. Cost effectiveness is one basis on which
this could be done. Therefore, in addition to the additional clinical data described
above, data on the quality of life improvement available from Repaglinide therapy in
the patient sub-groups identified above, will be essential, for a full consideration of its

role in the management of type 2 diabetes in the NHS.

12




Appendix
EUROQOL® HEALTH QUESTIONNAIRE

Please tick one

1. Mobility
| have no problems in walking about O
| have some problems in walking about O
| am confined to bed O
2. Self-care
| have no problems with self-care @)
| have some problems washing or dressing myself O
| am unable to wash or dress myself O
3. Usual Activities
| have no problems with performing my usual activities O
(e.g. work, study, housework, family or leisure activities)
| have some problems with performing my usual activities @
| am unable to perform my usual activities O
4. Pain/Discomfort
| have no pain or discomfort @)
| have moderate pain or discomfort @)
| have extreme pain or discomfort @)
5. Anxiety/Depression
| am not anxious or depressed O
| am moderately anxious or depressed O
| am extremely anxious or depressed @)

13



6. To help people say how good or bad their health is, ' Best imaginable health

we have drawn a scale (rather like a thermometer) state
on which the best state you can imagine is marked 100
by 100 and the worst state you can imagine is

marked by 0.

We would like you to indicate on this scale how
good or bad your own health is today, in your
opinion. Please do this by drawing a line from the
box below to whichever point on the scale indicates
how good or bad your current health state is.

Your own health state
today

0

Worst imaginable health
state

14
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