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Abstract

Injectable glucagon-like peptide-1 receptor agonists (GLP-
1ras) have the distinct advantage of promoting weight loss
as well as lowering glucose in type 2 diabetes. Treatment
with a GLP-1ra is costly, thereby necessitating a restriction
on widespread use, thus in the UK the National Institute for
Health and Care Excellence (NICE) has published guidance on
the use of these drugs.

In the UK the Association of British Clinical Diabetologists
(ABCD) conducted two nationwide audits on the use of
exenatide twice daily and liraglutide once daily and noticed
that deviations from NICE guidelines were common. Herein
data have been used from both audits (following a
combined total of 12,955 type 2 diabetes patients) to evalu-
ate these treatment decisions, critically appraise the NICE
guidelines and formulate recommendations for the use of
GLP-1ras.
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Introduction

In November 2006 exenatide (twice daily; Byetta®) was the first
GLP-1ra to be approved in Europe for the treatment of type 2
diabetes." It was introduced in 2007 and the next agent in the
class, liraglutide (once daily, Victoza®), was introduced in 2009.2
GLP-1Tras mimic the actions of the natural gut hormone GLP-
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Abbreviations and acronyms

ABCD Association of British Clinical Diabetologists
BMI body mass index

GLP-1Tra glucagon-like peptide-1 receptor agonist

HbA1¢ glycated haemoglobin

NHS National Health Service

NICE National Institute for Health and Care Excellence
OAD oral antidiabetic drug

SIGN Scottish Intercollegiate Guidelines Network

TZD thiazolidinedione

which enhances insulin secretion, reduces glucagon secretion,
delays gastric emptying and suppresses appetite.? In addition to
their glucose-lowering action, GLP-1ras promote weight reduc-
tion - unlike sulphonylureas, TZDs and insulins which cause
weight gain. The weight loss aspect of GLP-1ras is particularly
appealing in the treatment of type 2 diabetes since many
patients are overweight or obese.

NICE guidelines on the use of exenatide and liraglutide
NICE aims to provide evidence-based guidance to optimise
healthcare and promote effective use of resources in the UK.
The NICE guidelines for exenatide and liraglutide are similar both
in terms of patient selection and defining a therapeutic response
to justify continuing treatment (Table 1).56

These NICE guidelines are influenced by the cost of GLP-1ra
treatment which is much higher than other add-on diabetes ther-
apies.”8 Costs of GLP-1ras are typically higher than other third line
diabetes therapies such as TZDs or basal insulin (Table 2).9.1° A dif-
ferent model suggests liraglutide may be a cost-effective second
line agent compared with glimepiride after taking into account
reductions in systolic blood pressire, weight and cholesterol."!

The cost-effectiveness of GLP-1ra use is considered better in
patients with higher BMI due to greater anticipated weight loss
and the likelihood of higher doses of insulin being required if in-
sulin was used as an alternative. In models considered by NICE,
exenatide and liraglutide became cost-effective in comparison
with insulin glargine in patients with BMI > 33 or 35 kg/m2.10.12.13
It is noteworthy that the liraglutide 1.8 mg dose was considered
not cost-effective compared with the 1.2 mg dose.'?

The ABCD nationwide GLP-1ra audits

The ABCD is the national society of diabetes specialists in the
UK. It conducted nationwide audits of the use of exenatide
(Byetta®) and liraglutide (Victoza®) to assess their safety and
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Table 1 Summary of NICE guidance for use of exenatide (twice

daily) and liraglutide.

Exenatide (Byetta®)

“Consider adding a GLP-1 mimetic
(exenatide) as third-line therapy to
first-line metformin and a second-
line sulphonylurea when control of
blood glucose remains or becomes
inadequate (HbA1c >7.5%, or
other higher level agreed with the
individual), and the person has:

e a body mass index (BMI)
>35.0 kg/m? in those of
European descent (with
appropriate adjustment for
other ethnic groups) and
specific psychological or
medical problems associated
with high body weight, or

* a3 BMI<35.0 kg/m? and
therapy with insulin would
have significant occupational
implications or weight loss
would benefit other significant
obesity-related comorbidities.

Liraglutide (Victoza®)

The guideline is identical to that
for the use of exenatide as third
line therapy and for continuing
therapy; but with the addition of:

“Liraglutide 1.2 mg daily in dual
therapy regimens (in combination
with metformin or a
Sulphonylurea) is recommended as
an option for the treatment of
people with type 2 diabetes,

only if:

e the person is intolerant of
either metformin or a
sulphonylurea, or treatment
with metformin or a
sulphonylurea is
contraindicated, and

e the person is intolerant of
thiazolidinediones and
dipeptidyl peptidase-4 (DPP-4)
inhibitors, or treatment with

thiazolidinediones and DPP-4
inhibitors is contraindicated.”

Only continue GLP-1 mimetic
(exenatide) therapy if the person
has had a beneficial metabolic
response (a reduction of at least
1.0 percentage point in HbA;c and
a weight loss of at least 3% of
initial body weight at 6 months).”

Table 2 The estimated NHS cost of 30 days supply of third line
drug therapies®

Drug Dosage Cost

Exenatide 10 pg bd £68.24
Liraglutide 1.2 mg od £78.48
Pioglitazone (TZD) 30 mg od £33.25
Glargine (basal insulin) 25 units od £20.18

efficacy in real life clinical practice. Diabetes centres from across
the UK were invited to participate. Data requested were
obtained from routine clinical practice and were anonymised.
From across the UK, 126 centres submitted data on 6717
patients treated with exenatide from 2007-2009 and 117
centres submitted data on 6238 patients treated with liraglutide
from 2009-2013. Data from the ABCD audits showed that
exenatide and liraglutide were being used in patients who were
much heavier and had poorer glycaemic control than the
patients in the phase 3 clinical trials.

Patients in the exenatide audit had mean £SD BMI of 39.8
kg/m? + 8.0 and HbA1c of 9.47% + 1.69, and 33.9% of pa-
tients were on insulin at exenatide initiation.'* Patients in the Ii-
raglutide audit had mean + SD BMI of 38.8 kg/m? + 7.2 and
HbA1c of 9.39% = 1.72 and 39.2% of patients were on insulin
at liraglutide initiation. We think that the baseline characteristics
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of patients in the audit were influenced by NICE guidelines (rec-
ommending selection of patients with higher BMI) as well as the
predominant participation and use of GLP-1ra therapies in specialist
practice dealing with patients with more advanced diabetes.

Aims of this study

Several issues pertaining to the NICE guidelines and the use of

exenatide and liraglutide became evident early in both ABCD

audits, not least that the desire to use these agents commonly

led to their use outside the NICE guidelines. It is not possible for

us to present all instances of this. This study aimed to assess:

1. The use of exenatide or liraglutide with insulin

2. The use of exenatide or liraglutide in patients on three OADs

3. The frequency and consequences of discontinuing a third
OAD (most commonly a TZD) or insulin when starting GLP-
1ra therapy - to appear to be adhering to NICE guidelines

4. The merits and pitfalls of using BMI as a criterion for selecting
patients to start exenatide or liraglutide

5. The frequency of patients meeting NICE criteria for a bene-
ficial metabolic response at 6 months

6. The justification for the NICE requirement for >1% HbA1c
reduction with treatment

Methods of analyses
Results shown are a combination of newly analysed data, previ-
ously published data and presentations at scientific meetings.

Patients in real life practice were seen at highly variable
intervals of follow-up. To standardise comparisons, we chose to
only analyse patients with both HbA1c and weight data at six
months of treatment but accepted data from 20-32 weeks (26
=+ 6 weeks). There were many more patients with data beyond
this time point who were not included in the analyses.

Points 1, 2 and 4 above were analysed among patients using
exenatide or liraglutide only as add-on therapy (ie without discon-
tinuation of an OAD or reduction of insulin dose by > 20% at
GLP-1ra initiation). Patients on liraglutide 1.8 mg or switching
from exenatide were excluded from the analyses (see Figure 1).

Caveats

It must be emphasised that the data for exenatide and liraglutide
are presented together for the purpose of discussing the NICE
guidelines, they are not meant to be compared against each
other. The audits were conducted at different time periods
(exenatide 2007-2009; liraglutide 2009-2013), among different
patients and against different prevailing diabetes experience with
GLP-1ra treatment. Concurrent diabetes treatment reduction
was often more excessive in the exenatide audit than in the
liraglutide audit.

Results
1. The use of exenatide or liraglutide with insulin
The use of GLP-1ras with insulin was the most common devia-

tion from the NICE guidelines, and indeed from the drugs’
licensed indications: 39.6% and 36.5% of patients in the
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Patients in the ABCD nationwide exenatide and
liraglutide audit

Figure 1.

Total exenatide and
liraglutide patients

n=12955

Liraglutide
n=6238

Patients with 20-32 week HbA1c and
excluding exenatide switching to
liragutide and liraglutide 1.8mg

Patients with 20-32 week HbA1c
and 20-32 week weight

Patients using exenatide
or liraglutide as add-on
therapy

Non-insulin
n=495

BMI 25-50 kg/m?
n=478

Numbers are different for number of patients with weight data. Non-insulin-
treated patients included those on 0-4 oral antidiabetic drugs. Insulin-treated
patients included those on basal, biphasic, basal bolus, or other insulin
regimens.

Insulin]
n=353

exenatide’ and liraglutide audits, respectively, used insulin
concurrently after taking into account patients stopping or start-
ing insulin. While exenatide twice daily has since received licens-
ing approval (in 2012) for use in conjunction with basal insulin,®
this was not the case during the exenatide audit (2007-2009).
Moreover, all types of insulin regimens were involved. The
unlicensed use of a GLP-1ra was widespread across most partic-
ipating centres, but how effective was this strategy of combining
a GLP-1ra with insulin?

As reported in the exenatide audit, compared with non-
insulin-treated patients, insulin-treated patients achieved lesser
reductions in HbA1¢ (mean +SE: 0.51% + 0.06 v 0.94% + 0.04,
p < 0.001), had similar weight reduction (5.8 kg £ 0.2 v 5.5 kg
+0.1, p=0.28), more than double the rate of exenatide discon-
tinuation (31.0% v 13.9%, p < 0.001) and treatment dissatis-
faction was more than threefold higher (20.8% v 5.7%,
p < 0.001). There was a reduction of daily insulin dose of 42 +
2 Units (mean + SE) from a baseline of 120 + 99 Units (mean +
SD), and 16.6% of patients discontinued insulin.’s

Herein we have assessed even more specific subgroups of
patients in the audits; noting the glycaemic efficacy of exenatide
and liraglutide as add-on therapies to one or two OADs as com-
pared with add-on therapy to basal insulin (= OAD) or biphasic
insulin (= OAD) at six months of treatment. Data have been
adjusted for baseline HbA1c. HbA1c changes were lesser among
insulin-treated exenatide patients (adjusted mean £SE: -0.60%
+0.10v-1.11% £ 0.06, p < 0.001) and insulin-treated liraglu-
tide patients (-0.97% = 0.11v-1.43% =+ 0.09, p = 0.004) when
compared with their non-insulin-treated counterparts (Figure 2).
Comment
The situation can be considered either as a glass half empty or
half full; half empty from the point of NICE which should aim to
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Figure 2. HbA1c change at 20-32 weeks with exenatide and
liraglutide as add-on therapy to patients on 1 or 2
OADs, on 3 OADs, or on basal or biphasic insulin.
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restrict the use of these expensive drugs to earlier stages of dia-
betes (but not too early as discussed above) whereby GLP-1ra
treatment is likely to be more effective. The glass may be half
full from the point of treating physicians, who now find a viable
treatment for obese and poorly controlled insulin-treated
patients. The widespread use of GLP-1ras in both audits suggests
that there was a collective sense that no effective alternatives
for improving glycaemic control were available.

Our audits suggest that GLP-1ras are less effective in insulin-
treated than non-insulin-treated patients. However the pertinent
question is whether, in poorly controlled, obese, insulin-treated
patients, the addition of a GLP-1ra is a more effective strategy
than further insulin up-titration or even a strategy of lifestyle
optimisation without additional pharmacotherapy. There is
currently a lack of clinical trial data in such patients to provide
evidence for a clinical guideline. Furthermore, there is an emerg-
ing line of thought that some degree of insulin resistance
protects tissues against chronic fuel excess; overcoming this
insulin resistance with even higher doses of insulin does not
reverse the pathophysiological process of type 2 diabetes and
may even be harmful to skeletal muscle and organs such as the
heart."”

The concurrent use of GLP-1ras with insulin analogues is
likely to be costly. Cost savings may occur if there was a combi-
nation of weight loss, more effective HbA1c reduction, fewer
healthcare visits for insulin up-titration and lowering of high in-
sulin dose requirements.

2. The use of exenatide and liraglutide in patients on three
OADs

Figure 2 also shows the glycaemic efficacy of exenatide or liraglu-
tide as add-on therapy to three OADs, as compared with one or
two OADs. Data were adjusted for baseline HbA1c. There was
no difference in HbA1c change comparing exenatide added to
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three OADs with exenatide added to one or two OADs
(adjusted mean +SE: -1.04% = 0.14v-1.11% = 0.06, p = 0.87).
Similarly, there was no difference in HbA1c change with liraglu-
tide added to three OADs compared with liraglutide added to
one or two OADs (-1.57% + 0.18 v-1.43% + 0.09, p = 0.76).
Comment

There is a lack of randomised trials and cost-effectiveness analy-
ses of addition of a GLP-1ra to triple oral therapy and hence
this treatment algorithm is unlikely to be supported in clinical
guidelines. However, an equivalence in efficacy of a GLP-1ra
being added to single or dual oral therapy points to a prescribing
restriction that is more based on health economics than treat-
ment efficacy.

3. Frequency of TZD or insulin discontinuation when start-
ing GLP1-ra to adhere to NICE guidelines
Baseline diabetes treatment was known in 6085 patients in the
exenatide audit, of which 1652 (27.1%) were on a TZD. Over
half (54.3%) of these patients stopped TZDs at exenatide initia-
tion. Adjusting for baseline HbA1c and number of OADs,
patients who stopped TZD as part of their dual or triple oral ther-
apy achieved poorer HbA1c responses compared with patients
who continued TZD treatment (adjusted mean HbA1c £SE:
-0.45% + 0.09 v -1.09% + 0.11, p < 0.001). Similarly, 1168
(19.0%) of the 6238 patients in the liraglutide audit were on a
TZD and 47.0% of these patients stopped TZD therapy at liraglu-
tide initiation. The HbA1c reduction was also poorer among pa-
tients on liraglutide who stopped a TZD compared with those
continuing a TZD (-0.41% + 0.16 v-1.52% + 0.14, p < 0.001).
We have reported on the dangers of substituting insulin with
exenatide. Indeed, 26.2% of patients on insulin stopped insulin
at exenatide initiation and approximately half of them experi-
enced worsening HbA1c. Of the 11 cases of ketosis or ketoaci-
dosis reported in the exenatide audit, 7 were from this group.'®
In contrast, only 8.7% of patients on insulin in the liraglutide
audit stopped insulin at liraglutide initiation.
Comment
The desire of some clinicians to appear to conform to NICE guide-
lines on use of GLP-1ras led to frequent treatment “switches”
which were often associated with poorer glycaemic outcomes.

4. Merits and pitfalls of using a BMI as a criterion for
selecting patients to start exenatide or liraglutide

In both the exenatide and liraglutide audits capture of BMI was
poor (3554/6717 and 5703/6238 respectively).

In the exenatide audit 27.2% (967/3554) of patients with
BMI data were below the NICE guidelines threshold of BMI > 35
kg/m2. Only a minority of these patients had justification for
starting a GLP-Tra with a BMI < 35 kg/m%;, 9.7% were non-
Europid and fewer still were reported to have other indications
for use of GLP-1ra, such as occupational implications for using
insulin' or obesity-related comorbidities. Similarly, 32% of
patients (1824/5703) in the liraglutide audit had BMIs < 35
kg/m?, and only 11.1% of these patients were non-Europid.

Figure 3 shows the mean HbA1c change achieved with exe-
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Figure 3. HbA1cchange at 20-32 weeks with exenatide and
liraglutide as add-on therapy to non-insulin-treated
patients, results stratified by baseline BMI.
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natide and liraglutide when used as add-on therapy to non-
insulin-treated patients with BMI 25-50 kg/m?; patients with
BM s outside this range were excluded for clarity. After adjusting
for number of OADs, baseline HbA1¢, age, gender and ethnicity,
no relationship was observed between BMI groups and HbA1¢
change among exenatide treated patients (p = 0.67). However,
a lesser HbA1¢ reduction was observed with increasing BMI
group among patients treated with liraglutide (p = 0.024). These
longer term (6 months) liraglutide results contrast with our ear-
lier analysis of short term data (3 months) showing no significant
effect of BMI on HbA1¢ reduction.?

Figure 4 shows the corresponding weight changes with
exenatide and liraglutide treatment. There was increasing weight
reduction seen in both treatment groups with increasing BMI
group (p < 0.001 and p = 0.021, respectively).

Expressed as a percentage of initial body weight, the change
increased non-significantly with increasing BMI groups among
patients on exenatide (from -3.8% to -5.9%, p = 0.08) and
among patients on liraglutide (from -2.3% to -3.0%, p = 0.55).
Comment
The pivotal clinical studies leading to regulatory approval of
exenatide and liraglutide studied patients who were less obese
than those required by NICE (mean BMIs 34.0 kg/m? and
31.8kg/m? vs >35kg/m2).2122 Most of the pre-registration studies
also excluded patients with BMI > 45 kg/m?2.23-28 Hence, the BMI
restriction of >35 kg/m? adopted by NICE is not strictly
evidenced-based.

Our findings suggest that the NICE BMI restriction has merit
based on greater weight reduction. However, the argument of
increased cost-effectiveness is lost if HbA1¢ reduction is less with
greater BMI, as was seen with liraglutide at 6 months. The
liraglutide audit finding is supported by a trial in which addition
of exenatide (twice daily) to optimized insulin glargine generated
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Figure 4. Weight change at 20-32 weeks with exenatide and
liraglutide as add-on therapy to non-insulin-treated
patients, results stratified by baseline BMI.
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greater reductions in HbA1c among subjects with lower BMI (<30
and 30-36 kg/m? versus >36 kg kg/m?2).2%

5. The frequency of patients meeting NICE criteria for a
beneficial metabolic response at 6 months

In the exenatide audit (all diabetes therapies) there were data at
6 months for both HbA1c and body weight for 1882/6717
patients (Figure 5). Of these 1882 patients 60.1% achieved
reductions in both HbA1c and body weight, 8.1% achieved
HbA1c reduction only, 29.1% achieved weight reduction only
and 2.7% achieved neither. Only 28.6% of patients achieved
the NICE criteria of both >1% HbA1¢ reduction as well as >3%
reduction of initial body weight.

In the liraglutide audit HbA1c and weight data were recorded
for 1023/6238 patients (Figure 6). Of these 59.3% achieved
both HbA1c and weight reductions, 15.5% achieved HbA1c
reduction only, 19.8% achieved weight reduction only and 5.3%
achieved neither. Only 25.0% of patients achieved both HbA1c
and weight reduction in accordance with NICE criteria.
Comment
It is apparent that the vast majority of patients using GLP-1ras
in clinical practice would require discontinuation of this therapy
based on NICE criteria. The rates of exenatide and liraglutide dis-
continuation in the audits did not match this. Physicians may
also face the dilemma of whether to stop treatment among
patients who achieved significant HbA1¢ reduction but not sig-
nificant weight reduction or patients who achieved significant
weight reduction but not significant HbA1¢ reduction.

In our opinion, stopping GLP-1ra treatment in a patient who
has achieved significant glycaemic improvement (but not signif-
icant weight reduction) would seem unwise. In this sense, GLP-
1Tra has worked as a diabetes treatment; it is only the
requirement of weight reduction to justify cost-effectiveness that
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Figure 5. Scatterplot of HbA1c change and initial body weight
change at 20-32 weeks of 1882 patients treated
with exenatide
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reduction require by NICE for continuation of therapy — while 60.1% of
patients achieved both HbA1c and weight reduction, only 28.6% achieved this
to the criteria level set by NICE.

Figure 6. Scatterplot of HbA1c change and initial body
weight change at 20-32 weeks of 1023 patients
treated with liraglutide
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reduction require by NICE for continuation of therapy — while 59.3% of
patients achieved both HbA;. and weight reduction, only 25.0% achieved this
to the criteria level set by NICE.

has deemed treatment to be a failure.

A somewhat more contentious situation would be that of
patients who achieved significant reductions in weight and
HbA1c but with the latter not meeting NICE criteria. We would
argue that if these patients started GLP-1ra treatment according
to NICE criteria, they should continue GLP-1ra treatment until
weight reduction has tapered off.
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Table 3 Median HbA1c change, proportion of patients achieving HbA1c reduction of >1% and proportion of patients achieving
target HbA1c of 7% among patients treated with liraglutide in the ABCD audit; results stratified by baseline HbA1c and use

of insulin.

7.0-7.9 8.0-8.9 9.0-9.9
Non-insulin-treated
n 91 158 161
Median HbA1c change, -0.7 -1.1 -1.4
(%) [-1.1,-0.1] [-1.7,-0.5] [-2.2,-0.4]
Proportion achieving 30 (33.0) 95 (60.1) 103 (64.0)
>1% reduction, n(%)
Proportion achieving 50 (55.0) 58 (36.7) 35(21.7)
HbA1c of 7%, n(%)
Insulin-treated
n 73 124 156
Median HbA1c change, -0.2 -0.5 -1.1
(%) [-0.7,0.4] [-1.2,0.3] [-2.0,-0.2]
Proportion achieving 11(15.1) 41(33.1) 82 (52.6)
>1% reduction, n(%)
Proportion achieving 28(38.4) 18 (14.5) 21(13.5)

HbA1c of 7%, n(%)

Median HbA1c change results are shown as median [interquartile range]

Baseline HbA1¢ (%)

10.0-10.9 11.0-11.9 12.0-12.9 13.0-13.9 P value
106 60 35 11

-1.9 -2.6 -3.1 -2.0

[-3.2,-0.9] [-3.9,-1.6] [-1.3,-4.5] [-0.3,-4.9] <0.001
77 (72.6) 51 (85.0) 28 (80.0) 8(72.7) < 0.001
25 (23.6) 11(18.3) 4(11.4) 1(9.1) < 0.001
98 61 35 10

-1.3 -1.3 -1.8 -3.6

[-2.6,-0.5] [-2.5,-0.5] [-3.4,-0.6] [-4.7,-1.6] <0.001
61(62.2) 36 (59.0) 24 (68.6) 9 (90.0) < 0.001
8(8.2) 3(4.9) 1(2.9) 2(20.0) < 0.001

Results show patients are more likely to achieve >1% HbA1 reduction when baseline HbA1c is higher and conversely more likely to achieve target

HbA1c of 7% if baseline HbA1¢ is lower.

6. The lack of justification for requiring >1% HbA1c
reduction with GLP-1ra treatment

The liraglutide audit (Table 3) showed that the likelihood of
achieving >1% HbA1c reduction increased with increasing base-
line HbA1c. We investigated an alternative criterion which was
that of achieving a target HbA1c of 7%. In contrast, the
likelihood of achieving this criterion increased with decreasing
baseline HbA1c.

Comment

In our opinion, the most serious flaw to the NICE criteria is that
of a requirement for HbA1c¢ reduction with treatment that is not
indexed to baseline HbA1c. It is well established that the higher
the baseline HbA1c the greater the HbA1¢ reduction on addition
of a differently acting glucose lowering agent - including
incretin-based therapies.3%3" Hence, a requirement of >1%
HbA1c reduction unfairly favours patients with higher baseline
HbA1¢ levels.

Patients with lower baseline HbA1c may also be penalised
due to treatment considerations to avoid hypoglycaemia. The
SIGN guidelines also miss the mark32 by only requiring an HbA1c
reduction of >0.5% to continue treatment: this is easily achieved
but not necessarily clinically meaningful in patients with higher
baseline HbA1c. In contrast, an alternative criterion of reaching
a target HbA1c of 7% unfairly favours patients with lower base-
line HbA1¢ instead and therefore should also not be used.

Hence, we conclude that a measure of HbA1¢ reduction
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indexed to a patient’s baseline HbA1c is probably the fairest way
to judge response, such as achieving an HbA1c reduction that is
better than the median HbA1¢ reduction of a baseline HbA1¢
group. Based on the results in Table 3, a simplified but graded
criterion for non-insulin-treated patients may be that of a
requirement of >0.5% reduction if baseline HbA1c <8.0%,
>1.0% if baseline HbA1¢ 8.0-9.0% and >1.5% if HbA1¢ >9.0%.

Conclusions and recommendations
The NICE guidelines for the use of diabetes therapies serve an
important purpose of recommending use of treatments that are
evidence-based and cost-effective. This is particularly pertinent
in an era of rising healthcare costs. However, in their present
form, the NICE guidelines for GLP-1ras essentially prevent their
use in patients with more advanced diabetes who still require
effective treatment. Specifically:

1. More clinical trials and cost-effectiveness analyses are needed
in obese patients with more advanced diabetes. The issue is
not the comparative costs of third line diabetes treatment,
but that of the comparative costs and effectiveness in
patients already on third line therapy who require treatment
intensification (such as by escalating insulin doses or using a
GLP-1ra). Creative solutions such as an agreement to com-
bine cheaper human insulin with a GLP-1ra could be
explored, but requires considerations of the potential disad-
vantages of older insulins compared with insulin analogues.
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—— Sy
é@i Key messages
Mo

e Exenatide (twice daily) and liraglutide were commonly
prescribed outside NICE guidelines

e In practice less than a third of patients achieve NICE
metabolic targets for continuation of a GLP-1ra.

e Restricting GLP-1ra therapy to patients with BMI >35
kg/m? to improve cost-effectiveness via greater weight
loss may be counter-productive if glycaemic efficacy is
not maintained

e Requiring >1% HbA1c reduction with GLP-1ra
treatment lacks justification because the HbA1¢
reduction was closely associated with baseline HbA1c.

2. The addition of a GLP-1ra to three oral antidiabetic drugs
was as effective as adding a GLP-1ra to one or two drugs,
thus the escalation to GLP-1ra rather than insulin should be
considered a viable treatment algorithm among patients on
three oral antidiabetic drugs.

3. Due to the risk of glycaemic deterioration we would caution
clinicians against substituting concurrent diabetes treatment
to appear to adhere to guidelines when a GLP-1ra is started.

4. The general requirement by NICE for BMI to be >35 kg/m? is
not strictly evidenced-based. This strategy to improve cost-
effectiveness may be counter-productive if glycaemic
improvement is diminished in more obese patients.

5. Few patients also meet the criteria for continuing GLP-1ra
therapy. We propose that patients who achieved significant
HbA1¢ reduction but not weight reduction be allowed to con-
tinue GLP-1ra treatment.

6. The NICE criterion of >1% HbA1 reduction as a requirement
for continued GLP-1ra treatment unfairly favours patients
with higher baseline HbA1c. This should be replaced by a
target HbA1¢ reduction that is indexed to an individual’s base-
line HbA1c.
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audits were conducted under the sponsorship of ABCD, the views expressed
in this article are of the authors alone and do not represent those of ABCD
or its members.
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Appendix 1. ABCD nationwide exenatide audit contributors. The following are those whom we know about.

ABCD nationwide audit - initial setup, maintenance and nationwide analysis: Ryder REJ, Walton C, Winocour P, Jose B, Sukumar N, Mills
AP, Cull ML, Sands K.

Statistical Advisor: Blann A.

Addenbrookes Hospital: Adler A, Evans M, Simmons D, O'Rahilly S, Coll T, Farooqi S, Park A. Barnsley Hospital: Uchegbu E. Basildon
University Hospital: Mulcahy M, Krishnan L. Basingstoke and North Hampshire NHS Foundation Trust: Guy R, Turner B, Akester K, Lewis G,
Harrison O, Tombling S, Lloyd G, Hughes C, Lowe C. Bedford Hospital: Morrish N, Melvin A, Pledger J, Barron R. Bedfordshire &
Hertfordshire PGMS, Luton: Rehman T, Sinclair A. Belfast City Hospital: Henry W. Bolton Diabetes Centre: Palin S, Kenz R. Bristol Royal
Infirmary: Raghavan R, Phillips S, Bradley K. Bronglais Hospital, Aberystwyth: Kotonya CA. Caerphilly Hospital: Premawardhana LDKE.
Chesterfield Royal Hospital: Mohammad M, Robinson RTCE, Maclnerney RM. Chorley & South Ribble Hospital: Rajbhandari SM, Acharya S.
City Hospital, Birmingham: Ryder REJ, Basu A, De P, Lee BC, Jose B, Thong KY, Sukumar N, McAloon CJ, Blann A, Mills AP, Cull ML, Lee A,
Rawcliffe C, Ryder B, Burbridge W, Irwin S, Cutler J, Zzizinger A, Mehrali T, Bedi T, Stevenson-Mort J. CMMC Foundation Trust, Manchester:
Jinadev P, Watts R, Abul-Ainine S, Salahuddin S. Colchester General Hospital: Bodmer C. Conquest Hospital, St Leonards on Sea: Dashora U,
Castro E. Countess of Chester: Goenka N. County Hospital, Hereford: Lloyd J. Craigavon Area Hospital, Co Armagh: Ritchie C. Daisy Hill
hospital, Newry: Adil MM. Derriford Hospital, Plymouth: English P. Dumfries & Galloway Royal Infirmary: Bell E, Green F, Banerjee S. East
Surrey Hospital, Redhill: Foster K, Natarajan G. Eastbourne District Diabetes Centre: Bending J, Afolayan J, Sheppard P. Fairfield Hospital,
Bury: Rowles S, Smithurst HJ. Falkirk and District Royal Infirmary: Kelly C, Peden N, Currie J, Buchanan, L. Frimley Park Hospital: Eliwe MH.
Furness General, Barrow In Furness: Chuni P, Hay C, Narayan S, Krishnan S. Gartnavel General Hospital: McGrane D, Sainsbury C, Fisher, M.
George Eliot, Nuneaton: Shaikh S. Good Hope Hospital, Sutton Coldfield: Jones SL, Milles JJ, Griffiths U, Colloby M, Harold C, Rangan S,
Morrison J. Glasgow Royal Infirmary, Fisher M, McGrane D. Great Western, Swindon: Govindan J, Price P, Ahmed S, Gardner A. Guys & St
Thomas Hospital, London: Brackenbridge A, Reid A, Piper-Smith J, Preston J. Hammersmith and Charing Cross: Field BCT, Dornhorst A.
Harrogate Hospital: Hammond P, Thirumurugan E,. Heartlands Hospital, Birmingham: John R, Patel M, Ulnaf S, Begum S. Hillingdon
Hospital, Uxbridge: Edwards M, Doolittle H, Currie A, O’Sullivan S, Lillystone R. Hinchinbrooke Hospital, Huntingdon: Mathews AA. Hull
Royal Infirmary: Walton C, Ng B, Kumar BK, Bosomworth A. Ipswich Hospital: Srinath A, Parkinson C, Fowler D, Morris D, Rayman G, Scott A.
James Paget Hospital, Great Yarmouth: MacMillan C, Grinnell F. King's College Hospital, London: Lee M, Amiel S, Nathan Y. Kingston
Hospital: Oldfield M, Htay T. Lagan Valley Hospital, Lisburn: Au S, Turtle A. Leicester General Hospital: Tarigopula G, Braithwaite J,

Kong M-F, Jackson S, Gregory R. Leicester Royal Infirmary: Nisal K, Gallagher A, Davies MJ, McNally PG, Lawrence IG Lincoln County: Sands K.
London Medical: King L, Abraham R, Tomeu J. Mayday University Hospital, Croydon: Prentice M. Medway Maritime Hospital, Gillingham:
Scobie IN. Monklands Hospital, Airdrie: Sandeep T. Morriston Hospital, Swansea: Stephens JW. Newcastle General: Taylor R. New Cross
Hospital, Wolverhampton: Singh BM, Nayak UA, Govindan J, Kalupahana DN Newham University Hospital, London: Gelding S. Ninewells,
Dundee: Petrie J, MAI-Dahlaki. Nobles Hospital, Isle of Man: Khan EG, Krishnan A, Clark J, Thondam S. North Manchester General
Hospital: Rathur H, Savage M, Wiles P, Prakash P. North Tees & Hartlepool Trust: MacLeod J, Anthony S, Mehaffy J. North Wales NHS Trust,
Wrexham: White H. Northampton General Hospital Htike ZZ, Kilvert A, Mtemererwa B. Bromley PCT: Casiglia D. Pinderfields General,
Wakefield: Nagi DK. Poole Hospital NHS Foundation Trust: Masding M, Osborne K, Wallace P. PRH, Haywards Heath: Smith A, Mabrook J.
Prince Philip Hospital, Llanelli: Williams M, Aggarwal N. Princess Royal, Bromley: Lulsegged A. Queen Alexandra, Portsmouth: Cranston |.
Queen Elizabeth Il Hospital, Welwyn Garden City: Winocour PH, Darzy K, Reddy M. Queen's Hospital, Burton: Benn J. Raigmore Hospital,
Inverness: MclLaren L. Rotherham General: Franke B. Royal Berkshire Hospital, Reading: Simpson H, Reddy N, Barber T. Royal Blackburn:
Astin J, Faina J, Whalley G, Ramtoola S. Royal Bournemouth: Richards J, Richardson T. Royal Cornwall Hospital, Treliske: Fox T, Foote J,
Browne D, Pinkney J. Royal Devon & Exeter: Bowman P, Hattersley A, Vadiya B. Royal Glamorgan Hospital, Llantrisant: Evans P. Royal
Gwent Hospital, Newport: Obuobie K. Royal Infirmary of Edinburgh: Jaap A. Royal Liverpool University Hospital: Vora J, Brake J. Royal
Oldham Hospital: Mishra BM. Royal Surrey County Hospital, Guildford: Hordern V. Royal United Hospitals, Bath: Higgs E, Gouni R, Taylor
P, Wylie S, Hall B, Hillier N, Neathercote D. RSCH, Brighton: Quin J, Robinson N. Sandwell Hospital, West Bromwich: Ibrahim H, Robertson D,
Davies P, Banerjee P, Li YK, Wong KH, Barker N, Dhallu J, Farell D. Scunthorpe General: Moisey R, Malik M, Dromgoole P. Selly Oak Hospital,
Birmingham: Creely S, Gough S, Hanif W. Sheffield Teaching Hospitals: Elliott J, Scott A. Smethwick Health Centre: Pall N, Harrington J.
South East CHCP, Glasgow: Carson L-A. Southampton General Hospital: Sharp P, Brown B. Southern General Hospital, Glasgow: Semple
C. St John's Hospital, Livingston: Adamson K, Green F. St Mary's Hospital, Isle of Wight: Kaklamanou M, Al-Mrayat M. St Peter's Hospital,
Chertsey: Sennik D, Baxter M, Naqvi S, Suresh D, Miras A. Staffordshire DGH, Stafford: Coates P, Daggett P, Green F. Stirling Royal Infirmary:
Kelly C, Mackenzie A, Peden N. Sunderland Royal: Nayar R, Carey P, Aspray T. Taunton & Somerset: Close C, Andrews R, Douek I, Watson J.,
Lambert P. Torbay Hospital, Torquay: Paisey R. University Hospital Coventry Warwickshire: Anderson S. Ulster Hospital, Belfast: Brennan
U, Satti N, Harper R, Harding. Victoria Infirmary, Glasgow: Stewart A. Warwick Hospital Rao RK, Gopinathan, Horrocks P. Watford General
Hospital: Tharakan G, Simpson K. West Suffolk Hospital, Bury St. Edmunds: Majeed J, Clark J, Wijenaike N, Gurnell E, Hartley L, Abdullah H,
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Appendix 2. ABCD nationwide prospective liraglutide audit contributors. The following are those whom we know about.

ABCD nationwide liraglutide audit — initial setup, maintenance and nationwide analysis Ryder REJ, Walton C, Thong KY, Sen Gupta P,
Cull ML, Mills AP,

Statistical Advisor: Blann A.

Addenbrookes Hospital: Adler A, Bejinariu E, Park A, Parker V, Sarker A, Simmons D. Altnagelvin Area Hospital: Black R N, Caskey H, Cooke
B, Early R, Giff K, Hamilton L, Helmy A F, King L, Lindsay J R, McCarroll F, McDaid A-M, Mcllvor E, Moles K W, Morahan S, O'Kane M, Williams L.
Antrim Area Hospital: Kennedy A. BaNES NHS primary care trust: Catchpole S, Wylie S. Barnsley Hospital NHS Foundation Trust:
Uchegbu E. Barnet General, London: Cohen M, Katz J, Kola B, Tanday R, Seenandan J, Steuer L. Basildon University Hospital: Mulcahy M.
Bassetlaw Hospital: Kela R, Woods H. Bearwood Medical Practice: Alderman J, Bhanderi S, Matthews J, Newhouse R, Purcell J Sen Gupta P.
Belfast City Hospital: Henry RW, McMullan P, Nugent A. Bensham General Hospital: Narayanan K R. Birmingham Community Healthcare
NHS Trust: Bhanderi S, Cunningham B, Haughton K, Matthews J, Muralidhara K, Sen Gupta P, Shahid S, Thomas A. Bradford Royal Infirmary:
Gonzélez S. Brighton General Hospital: Duff B. Brighton Sussex University Hospital NHS Trust, Royal Sussex County Hospital: Burberry A.
Bristol General Hospital: Croxson S. Bristol Royal Infirmary: John H, Jones L, Pople J A, Richards G. Bronglais hospital: Evans C, Jones A M,
Kotonya C, Phillips L, Powell P, Saunders H. Calderdale Royal Hospital: Mon Zin Tun E. Cape Hill Medical Centre: Bhanderi S, Child D, Chitnis
J, Gardner G, Maan P, Matthews J, Merali A, Sen Gupta P. Causeway Hospital, Coleraine: Davidson E, Diong K L, Glass M, Hutchinson K,
Kassim S B, McKee M, Ryan M F, Spiers K, Woodend J. Chase Farm Hospital: Baynes, C, Lomas J, Russell S. Cheltenham General Hospital:
Evans A, Gray H, Lock-Pullan P, Phillips S. City Hospital Birmingham (SWBH): Basu A, Bedi T, Bhanderi S, Blann A, Burbridge W, Cull M L, Cutler
J, De P, Guthrie S, Irwin S, Lee B, Lloyd F, Matthews J, Mehrali T, Mills A P, Ryder R E J, Sen Gupta P, Stevenson-Mort J, Thong K, Zzizinger A. City
Hospitals, Sunderland: Carey P, Coates J A, Lee A, Nayar R, Ogilvie P, Purvis A, Todd J, Walton K. Conquest Hospital: Batson D, Castro E,
Combes A, Dashora E, Edwards V, Govindan R, Kumar S, Morris R. Cumberland Infirmary Centre: Graham S, Higgins N, Mason J, Redgate J,
Routledge A, Simpson E, Vithian K. Darlington Memorial Hospital: Bishop D. Derriford Hospital: English P, Fox T, Tambal A, Wotton F.
Dewsbury District Hospital: Bissell J. Downe Hospital Northern Ireland: Whitehead H. East Lancs Hospitals NHS Trust: Ali A, Demssie Y,
Glew M, Jones G, Jostel A, Littley M, Mishra M, Ramtoola S, Wilkinson R. East Surrey Hospital: Chinnasamy E, Prajapati C, Sennik D.
Eastbourne District General: O'Donnell H. ELPCT: McKane C, Procter W, Sarsfield J, Wilkinson R. Forth Valley Royal Hospital: Barwell N,
Bramley A, Buchanan L, Currie J, Davidson E, Devlin K, Doig J, Kelly C, MacDonald P, Mackenzie A, Mackintosh L, Peden N, Ryan L, Simpson C,
Whitty H. Friarage Hospital: Kamaruddin M S, Leek C, Owen K. Frimley Park Hospital: Beebeejaun M, Tringham J. Furness General
Hospital: Banerjee M, Obale B, Pearce D, Tong M. George Eliot Hospital: Patel V. Gloucestershire Royal Hospital: Gan K'S, Mahajan T,
Saunders S, Ulahannan T. Guy's and St Thomas' Hospital London (Guy’s & St. Thomas' NHS Trust): McGowan B, Abbas N, Sen Gupta P, Da
Costa R, Georgieva E. Harrogate Hospital: Brown D, El-Laboudi A, Hammond P. Hinchingbrooke Health Care NHS Trust: Bejinariu E,
Krishnan S, Mathews A, Walland K. Huddersfield Royal Infirmary: Moisey R. Hull Royal Infirmary: Marinceu D, Sathyapalan T, Sugunendran
S, Walton C, Wagas. Hunslet Health Centre: Muneer K. King's College Hospital: Amiel, SA, Hunt K F, Lee M, Nathan Y, Pernet A, Raeburn J,
Sen Gupta P, Stothard B, Vitello S. Lagan Valley Hospital: Au S, Brennan U, Carr S, Harding J, Harper R, MacDonald P, McLaughlin D, Moore L,
Mulligan C, Whitehead H. Lancashire Teaching Hospital, Chorley Hospital: Rajbhandari S M, Whittaker J. Lancashire Teaching Hospital,
Royal Preston Hospital: Rajbhandari S M, Whittaker J. Leicester General Hospital: Gregory R, Jackson S, Kong M-F, Tarigopula G. Leicester
Royal Infirmary: Htike ZZ. Leigh Infirmary: Fatima J, Pearce S. Lister Hospital: Barker L, O' Donnell L. Llandridod Wells: Powell P. London
Medical (Private Medical Centre): Abraham C, Abraham R, Bowden J, Genovezos S, King L, Spahiu E, Thomas S. Mid Yorkshire Hospitals
NHS Trust (Pinderfield Hospital, Wakefield, West Yorkshire): D'Costa R, Kadis T, Maycock J, Nagi D, Seddon L. Minerva Centre: Caunce K.
Monklands Hospital: Sandeep T C, White A. Musgrove Park Hospital (Taunton & Somerset NHS Foundation Trust): Adams S, Andrews R,
Close C, Douek I, Dunlop A, Lambert P, Thomas J, Watson J. New Cross Hospital Wolverhampton: Katreddy V, Khalid Y, Krishnasamy S, Nayak
A U, Singh B M. Newham University Hospital: Balakumar Y, Gelding S, Menon R, Rayanagoudar G. NHS Tayside (Ninewells Hospital/Perth
Royal Infirmary): George P, Leese G. Northumbria Diabetes Service: Strey C. Orpington Hospital: Casiglia D. Pendyffryn Medical Group:
Morrison C L. Pennine Acute Hospitals Trust: Adams L, Aherne D, Ahmad M, Allen G, Anderson K, Asam M, Atherton L, Balmuri M, Benton M,
Berry M J, Bhatnagar D, Bood A, Broude H, Byrom J, Cheer K, Dang C, Emsley C, Farook S, Fletcher M, Flight W, Garg R, Hafeez K, Hall D,
Higham C, Holland K, Hunsdale D, Jagadhish, Jani M, Jennings R, Jostel A, Joyce P, Kalavalapalli S, Khan S, Khurana R, Kouta S, Kumar S, Lea S,
Lewthwaite P, MacDonald L, Malik I, Mawdsley J, McAllister G, Meredith K, Meth-Cohn D, Mishra B, Moore J, Mustafa A, Narasimhan S, Naray S
T K, Nazir K, Norris A, Nune A, Picton M, Prakash P K, Prouten J, Rathur H, Roberts K, Rothwell N, Rowles S, S Rashid S, Savage M, Shah S,
Shingler W, Smith G, Smith K'V, Smithurst H, S-Samavi M, Stott R, Sudagani J, Suliman M, Tarpey S, Taylor A, Taylor E, Weaver A, West A, Wild J,
Wiles P. Pilgrim Hospital: Htwe N, Jacob K. Pontefract General Infirmary: Bissell J. QE 2 Hospital, Welwyn Garden City: Ali S, Chirayath H,
Darzy K, Ford M, George S, Kaplan F, Lecamwasam V, Perera S, Qureshi S A, Scott R, Thay T, Winocour P, Wyman D, Zalin B. Queens Romford:
Khan K, Nkonge F. Roebuck House (Surgery 1): Dicker C, Rowan J, White T. Rotherham General Hospital: Franke B, Muzulu S, Salam S.
Royal Blackburn Hospital: Demssie Y, Glew M, Jones G, Jostel, A, Littley M, Mishra M, Prouten J, Ramtoola S, Wilkinson R. Royal Devon and
Exeter Hospital: Aziz A, Babiker T, Brooks A, Lockett H. Royal Gwent Hospital: DaCruz T, Kamath C, Obuobie K. Royal Infirmary of
Edinburgh: Inkster B, McLaren J, Zammitt N. Royal United Hospital Bath: Allen K, Higgs E, Naik S, Robinson A, Ward A. Royal Victoria
Hospital Belfast: Cooke B, Hunter S, McErlean U. Sandwell General Hospital (SWBH): Bhanderi S, Davies P, Matthews J, Rock K, Sen Gupta P,
Thong K Y. Sedlescombe House Surgery St. Leonards-on-Sea: Cooper S, Joyce L, Kaliniecki J. Singleton Hospital, Swansea: Udiawar M.
Smethwick Medical Centre (GP) (SWBH): Bhanderi S, Harrington J, Matthews J, Sen Gupta P. Southern General Hospital: Gallagher S,
Hutchieson A, Kennon B, Kernohan A, Semple C, Struthers S. Southmead Hospital: Gaffar I. St Bartholomew's and The London NHS Trust:
Coppack S, Gouveia C, Khan R, Waugh J. St Georges Hospital NHS Trust: Ahmed F W, Bano G, Firth P, Flanagan A, O'Brien J, Patel N, Wilson Z.
St John's Hospital Livingston: Adamson K, Teoh W L. St Marys Hospital, IOW: Al-Mrayat M, Verlekar P. St Mary's Hospital, London: Qureshi
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Appendix 2. ABCD nationwide prospective liraglutide audit contributors. The following are those whom we know about continued

S A. St Stephens Gate Medical Practice (Norfolk PCT) (SSGMP): Haylock C. Stepping Hill Hospital: Kong N, Mumby C. Stirling Community
Hospital (Stirling Royal Infirmary):, Barwell N, Bramley A, Buchanan L, Currie J, Davidson E, Devlin K, Dewar L, Doig J, Kelly C, MacDonald P,
Mackenzie A, Mackintosh L, Peden N, Ryan L, Simpson C, Whitty H. Stobhill Hospital, Glasgow: Acquah R, Drummond R, Gordon D, Leggett
G, MacEwen A, McKenzie J, McLaren J, Smith C. Stoke Mandeville: Stokes V. The Ipswich Hospital: Astle J, Fowler D, Morris D, Parkinson C,
Rayman G, Thomas M. Torbay Hospital: Dimitropoulos I, Dyer R, Lissett K, Paisey R, Smith J, Weekes C. Trafford General Hospital: George A,
Hopewell L, Snell A, Stephens W P. Tyrone County Hospital: Bradley P, Evans H, Hameed A, Helmy A, McGirr B, Monaghan S, Patterson H.
Ulster Hospital: Au S, Brennan U, Carr S, Donnelly R, Harding J, Harper R, MacDonald P, Mcllwaine W, McLaughlin D, Moore L, Mulligan C,
Trinick T, Whitehead H. University College Hospital, London: Lunken C, Patel D. University Hospital of Durham: Kashif M. University
Hospital of Hartlepool: Anthony S, ljaz S, Jones S, Sinclair J, Worrall E. University Hospital of North Tees: Dobson M, MaclLeod J, Manohar S
P, Mehaffy J, Presgrave M, Pye S, Robinson M, Roper N, Worrall E. Victoria Hospital Kirkcaldy (Kirkcaldy Acute Hospitals NHS Trust): Burns
D, Chalmers J, Duncan C. Warrior Square Surgery: Adams S, Dunlop A, Ottaway L. West Suffolk Hospital: Clarke J, Moss A. Western
General Hospital: Inkster B, Kochhar R S, Mathur S, Mclaren, Zammitt N. Western Isles Hospital: Achar K N. Westmoreland General
Hospital: Banerjee M, Obale B, Pearce D, Tong M. Wharfedale Hospital: Amery C. Wiltshire NHS Primary Care Trust: Hall B, Hillier N.
Wrexham Maelor: Dixon A. Wythenshawe Hospital (UHSM): Younis N. Yeovil District Hospital NHS Foundation Trust: Bickerton A,
Crocker M, Pramodh S. Ysbyty Ystrad Mynach: Premawardhana L D.
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