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The role of simulation modeling in planning long-term clinical trials in type 2 diabetes.
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Introduction

Longer-term cardiovascular outcomes studies are routinely under-

taken to demonstrate safety in all new diabetes therapies. Given oo N oo
that diabetes models are extensively validated to contemporary A
outcomes trials they offer the potential to inform on design of new A Trial
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The objective of this study was to use an established diabetes model 0 O 2006 kS, A ASCOT
to explore the relationship between levels of glycaemic control, 0 AN + A 2008 O A, b I ASPEN
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This study used the IMS CORE Diabetes Model (CDM) [1,2], a lifetime 0 100 200 300 400 500 0 100 200 300 400 500
simulation model designed to assess the health outcomes and eco- Observed Observed
nomic consequences of interventions in type 1 diabetes mellitus
(T1DM) or type 2 diabetes mellitus (T2DM).
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The model was initialized with patient level data (PLD) from subjects \V/ o ACM A
with T2DM drawn from NHANES (Table 1) and run with a five-year W/ A AT A
time horizon with the following treatment effects applied to HbA1c:  AmsuEfer AA
0% (Baseline); -0.5%; -1.0% and --1.5%. 400 - O Cataracts 400 -
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Over the five-year time-horizon the expected cumulative proportion S -+ CV Death S S i
of MACE events (defined as myocardial infarction, stroke or CV death) 0 4 X ESRD 0 A, A A TODM
were calculated for each treatment reduction in HbA1c (-0.5%, -1.0% o T e & = 4 .
and -1.5%) compared to baseline (no reduction in HbA1c) and 200~ @g %& v mur 200~ A A f‘
sample sizes determined using a two sided Z-test of the difference in A PE A Ao A,
the cumulative proportions with 80% power and a 5% significance Ve 2 Ret :I A A
level. ¢ Stroke
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To first demc?n.strate ’Fhe CDM's general .predlctlve capa.bllljcles the ; 00 00 200 00 00 ; 00 00 200 00 00
model was initially validated to the following outcomes trials: UKPDS lbsared Albsered
33 [3]; ASPEN [4]; VADT [5]; ADVANCE [6]; ACCORD [7, 8]; ADDI-
TION-Europe [9]; ASCOT [10]; CARDS [11]; UKPDS 80 [12] and DCCT
[13,14].
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Age (yearS) 63-6 12.1 éo.oso— é \
Male (%) 53 5 N :
Duration (years) 9.5 8.5
SmOker (0/ 0) 16 O - Stu?j(i?(;ize - o : 0 Per—arrﬁOIé)t?de size o o0
a baseline (black); -0.5% HbA1c (red); -1.0% HbA1c (blue) and -1.5% HbA1c (green) a 1.5% reduction in HbA1c (green) compared to baseline (black)
HbA1c (%) 7.4 1.8
SBP (mmHg) 134.9 22.0
Cholesterol (mg/dl) 195 50.5
HDL (mg/dl) 47.9 13.8
BMI (kg/m2) 30.6 6.3
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PLD from NHANES was available on 1853 subjects with mean (SD) age
63.6(12.1) years, 53% male, duration of diabetes 9.6(8.5) years, base- : por-arms sudy size ;

Per—arm study size

line HbA1c 7.4% (1.8), systolic blood pressure 134.9mmHg (22.0) and
total cholesterol of 189.8 mg/dl (48.7).

a 1.0% reduction in HbA1c (blue) compared to baseline (black) a 0.5% reduction in HbA1c (red) compared to baseline (black)

The expected five-year cumulative MACE event rate was 9.4% (base-

line) and 9.2%, 8.7% and 8.3% for HbA1c reductions of 0.5%, 1.0% .
and 1.5% respectively (Figure 2). This figure also illustrates that a CO“CIUS'O“ Refe rences
steady-state estimate of the cumulative proportion is only obtained

when at least 6,000 subjects are recruited into each arm (total stud , , , , , . ,
size of 12,000) ‘ ( Y Given the requirement to extensively validate health economic models (1] Palmer et al. Curr Med Res Opin 2004;20:5-S26.
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Relative risk reductions for HbA1c reductions of 0.5%, 1.0% and 1.5%

were 2.1%, 7.9% and 12.5% respectively. . . . .
’ ’ ° FesP 4 This study demonstrates how the sample sizes required to detect a sig-

nificant reduction in MACE events as a function of HbA1c lowering in
isolation are prohibitively excessive. It is only when a reduction in
HbA1c of at least 1.5% is expected that sample sizes begin to become

Figures 3, 4 and 5 show the expected five-year cumulative MACE
event rate for HbA1c reductions of 1.5%, 1.0% and 0.5% respectively,
compared to baseline; also shown are 95% confidence intervals. Only
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: : . feasible. 9] Griffin et al. Lancet. 2011,378(9786):156-67.
a treatment reduction of 1.5% (Figure 3) shows confidence intervals o ’
not overlapping ° (Fig ) [10] Dahl of et al. Lancet. 2005;366(9489):895-906.
' This study also demonstrates how random variability (when per arm [11] Colhoun et al. Lancet. 2004;364(9435):685-96.
At the 5% level with 80% power, the total number of study patients sample sizes are less than 6,000) can easily provide spurious and mis- [12] UKPDS 80. N Engl J Med 2008;359.

: L ’ L 4 leading results. [13] The DCCT Research Group. Ann Intern Med 1995;122:561-8
required to detect a significant reduction in MACE events for HbA1lc 141 The DCCT/EDIC R G Arch Intern Med
reduction of 0.5%, 1.0% and 1.5% are 661,304, 52,670 and 20,899 re- | | . A Ihe SSearthl \rotp. ATch fnterh fed.

Long term disease models, such as the CDM, offer considerable flexibili- 2009;169(14):1307-1316

spectively. : . . . .
ty in the evaluation of sample size requirements in terms of expected

changes in modifiable risk factors.
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