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1 
Title 

A randomised, double-blind, placebo-controlled trial of metformin in chronic obstructive pulmonary disease (COPD) exacerbations: a pilot study
2 Background

2.1 Scientific background and explanation of rationale

Severe exacerbations of chronic obstructive pulmonary disease (COPD) are commonly associated with hyperglycaemia, which predicts adverse outcomes. Metformin is a well-established anti-hyperglycaemic agent in diabetes mellitus, possibly augmented with anti-inflammatory effects, but its effects in COPD are unknown. We investigated accelerated metformin therapy in severe COPD exacerbations, primarily to confirm or refute an anti-hyperglycaemic effect, and secondarily to explore its effects on inflammation and clinical outcome.

3 Methods

3.1 Objectives

Primary objective: To determine whether, in patients hospitalised for COPD exacerbations and receiving conventional treatment, the addition of metformin, as compared with placebo, ameliorates hyperglycaemia.
Secondary objectives: To determine whether, in patients hospitalised for COPD exacerbations and receiving conventional treatment, the addition of metformin, as compared with placebo, produces effects on clinical outcome, and measures of inflammation, steroid sensitivity, and airflow obstruction, which merit further study. The data collected in relation to the secondary objectives was regarded as hypothesis-generating.

3.2 Trial design

Randomised, double-blind, placebo-controlled, parallel-group trial with 2:1 allocation ratio between active and placebo groups.
3.3 Participants

Non-diabetic patients, aged ≥35 years, hospitalized for COPD exacerbations. For exclusion criteria please refer to trial protocol.

3.4 Study settings

UK multicentre.

Sites:

St George’s, University of London/St George’s Hospitals NHS Trust, London

Chelsea and Westminster Hospital, London

University Hospital of North Tees

Kings Mill Hospital

Royal Lancaster Infirmary

Blackpool Victoria Hospital

Royal Preston Hospital

Freeman Hospital, Newcastle

Conquest Hospital, Hastings

3.5 Interventions 

Over-encapsulated metformin 500 mg tablets or matched placebo capsules. Commenced at a dose of 1 capsule on day 1, escalating by 1 capsule per day over four days to a target dosage of 4 capsules per day (2 capsules twice daily, with meals). This could be modified if required for tolerability. Treatment was continued for 28–35 days (stopping on the day of the follow-up appointment, which was scheduled to occur in that window).

3.6 Outcomes

3.6.1 Primary endpoint

Mean capillary glucose concentration during hospitalisation period—defined as the mean of all capillary glucose measurements obtained according to the study protocol for that patient during the period between enrolment in the trial and hospital discharge.

3.6.2 Secondary endpoints

· Clinical efficacy: COPD Assessment Test score, Exacerbation of Chronic Pulmonary Disease Tool (EXACT) score, time to medical fitness for discharge, time to actual discharge, rates of recurrent exacerbation, readmission (any cause), or death (all cause). 

· Glycaemic control: mean daily insulin use during hospitalisation period, mean haemoglobin A1c and serum fructosamine concentrations at follow-up

· Inflammation and infection: mean C-reactive protein and serum cytokine concentration at discharge and follow-up (absolute values and change from baseline)

· Other metabolic effects: mean body mass index at follow-up, mean waist circumference at follow-up

· Airflow limitation: forced expiratory volume in 1 second at follow-up

3.6.3 Changes to outcomes 

A measure of steroid sensitivity (response on the McKenzie skin blanch test) was a secondary endpoint in the original protocol, but it was removed at later amendment because it was not amenable to delivery across the multiple trial sites.

3.7 Sample size 

A sample size of 44 (randomised equally to treatment and control groups) was originally calculated to allow the detection of a difference in the mean glucose concentrations between the two groups of 1.5 mmol/L with 90% power (using the t-distribution with a two-sided alpha of 0.05, based on mean glucose distribution data from a prior audit project). Provision was also made for an expected drop-out rate of approximately 5%, resulting in an initial target recruitment size of 46 patients. With effect from Substantial Amendment 4 approval, the target sample size was increased to 69 patients, with a change in the active:placebo allocation ratio from 1:1 to 2:1 (maintaining stability of the control group size). This was to permit a fuller assessment of the feasibility, safety and tolerability of the drug when used in COPD exacerbations in accordance with the accelerated dose-escalation regimen. Under conditions of 2:1 allocation, the minimum number of participants required to maintain statistical power for the primary endpoint analysis (as defined intially) was determined to be 48.

3.7.1 Interim analyses and stopping guidelines

No interim analyses of endpoint data were planned or performed.
3.8 Randomisation

3.8.1 Sequence generation

Random number generator (performed by the manufacturer of the investigational medicinal product)
3.8.2 Randomisation: type

Block size 6.
3.8.3 Randomisation: allocation concealment mechanism 

Sequentially numbered containers. Code-breaks were held independently of the trial investigators by the clinical trials pharmacy.

3.8.4 Randomisation implementation

Allocation sequence generated by IMP manufacturer. Participants enrolled by clinical trial team. Allocation to next numbered container performed by pharmacy.

3.9 Blinding 

Participants, care providers, and those assessing outcomes were blind to treatment allocation. Code-breaks were held independently of the trial investigators by the clinical trials pharmacy.

3.10 Statistical methods

The analysis was performed in accordance with the intention to treat principle. Statistical significance was defined as a two-sided p-value <0.05. 

The primary endpoint for this study was the mean hospitalisation glucose concentration. The mean of the individual mean values recorded among participants allocated to active treatment was compared with the mean of the individual mean values recorded among patients allocated to placebo treatment. The significance of the observed difference was tested using an independent sample t-test.

The secondary analyses were for the purpose of hypothesis generation, rather than to provide firm conclusions. As applicable, means were compared using the t-test (for normally-distributed continuous data), Mann-Whitney test (for non-normally-distributed continuous data), or Chi-square or Fisher’s exact test as appropriate (for categorical data). Time-to-event data were analysed and presented using Kaplan-Meier curves, the log rank test, and Cox proportional hazards regression.

3.11 Early termination

This trial was originally designed in 2010/11 and was expected to complete in 2012. Slow recruitment and the need for several protocol amendments at critical times introduced delays that required the study period to be progressively extended. 

On 31 March 2014, after 52 participants had been recruited, the trial was stopped early for logistical reasons. This decision was informed by a risk–benefit analysis, which was detailed at the time in the End of Trial Declaration.
4 Results

4.1 Participant Flow 
Figure 1: Participant flow
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assessed for eligibility

596 met ≥1 exclusion criterion

109 had diabetes on treatment

100 were at high risk of malnutrition

66 had confusion

63 had renal impairment

55 were considered too frail

42 had NYHA class 4 heart failure

41 had acidotic respiratory failure

32 had severe sepsis

88 had other reasons

128 declined to participate

52 were randomised

34 were allocated to metformin 18 were allocated to placebo

7 stopped treatment early

2 withdrew from the study

1 was lost to follow-up

6 stopped treatment early

0 withdrew from the study

0 were lost to follow-up

34 were included in primary 

analysis

18 were included in primary 

analysis

776 met the inclusion 

criteria

406 did not meet the inclusion criteria

251 had an expected stay <48 h

111 did no have an exacerbation

42 did not have COPD

2 were under 35 years of age


4.2 Summary of results
4.2.1 Primary endpoint
The mean blood glucose concentrations in the metformin and placebo groups were 7.1±0.9 mmol/L and 8.0±3.3 mmol/L, respectively (difference −0.9 mmol/L, 95% CI −2.1 to +0.3; P=0.273). For further details please see published manuscript.

Figure 2: Mean in-hospital capillary blood glucose concentrations. 

Individual participant means are indicated by shaded circles, and group level means by solid circles with error bars denoting standard deviation.
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4.2.2 Secondary endpoints
No significant between-group differences were observed on any of the secondary endpoints. For details please see published manuscript.1
4.2.3 Adverse events

Adverse reactions, particularly gastrointestinal effects, were more common in metformin-treated participants. The event rates, classified by relatedness, seriousness and expectedness are detailed in Table 1. The event rates classified by organ system are described in Figure 2.
Table 1: Adverse event rates classified by relatedness, seriousness and expectedness

	Event classification
	Frequency (events per participant)
	P-value

	
	Metformin (n=34)
	Placebo (n=18)
	

	
	
	
	

	Relationship with study treatment considered at least possible (adverse reactions)
	
	
	

	
	
	
	
	

	
	Non-serious
	31 (0.91)
	6 (0.33)
	0.011

	
	Serious, expected
	3 (0.09)
	—
	0.199

	
	
	Required or prolonged hospital admission
	3 (0.09)
	—
	

	
	Serious, unexpected
	—
	—
	

	
	
	
	
	
	

	Relationship with study treatment considered unlikely
	
	
	

	
	
	
	
	

	
	Non-serious
	23 (0.68)
	16 (0.89)
	0.417

	
	Serious
	12 (0.35)
	3 (0.17)
	0.366

	
	
	Resulted in death
	3 (0.09)
	—
	

	
	
	Resulted in significant disability or incapacity
	—
	1 (0.06)
	

	
	
	Required or prolonged hospital admission
	9 (0.26)
	2 (0.11)
	

	
	
	
	
	
	


Figure 2: Adverse event rates classified by organ system.
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5 Discussion

5.1 Limitations

With the exception of the trial’s early termination, it was conducted in accordance with the protocol (as amended). However, the difficultly recruiting participants did generate two important limitations:
Early termination: Despite a recruitment period lasting over 3 years and involving nine sites—a considerable escalation over what had originally been envisaged—we were unable to enrol as many participants as intended. However, the sample size was sufficient to meet the prospectively-defined power specification; its main impact was in constraining our assessment of tolerability and safety.
Participant characteristics: The study cohort was highly-selected, which may limit the generalisability of the findings. However, the tendency to hyperglycaemia seen in the present study was similar to that observed in two other inpatient COPD cohorts.
5.2 Generalisability 

As above.
5.3 Interpretation

The study achieved its primary objective, demonstrating that the regimen of metformin tested in this trial does not significantly ameliorate hyperglycaemia in the population studied. Adverse event data indicated that the intervention increases the risk of non-serious adverse effects (mainly gastrointestinal, as expected), although it did not generate significant safety concerns. The recruitment experience indicated that the intervention is not feasible in this population (acutely unwell inpatients with COPD exacerbations). On balance, therefore, it indicated that the treatment does not offer net benefits in this population and setting. 

The trial also generated important data that inform our understanding of the safety and tolerability of this widely-used drug, which are potentially informative beyond the population studied here. Additionally, although not an explicit objective of the trial, it generated important knowledge and experience in conducting clinical trials in this population of patients who have high healthcare needs but currently limited evidence-based, effective interventions. This was, and remains, informative for us and other researchers in this area.

6 Other Information

6.1 Archiving

Essential documents are kept securely in the offices of the Chief Investigator and trial co-ordinator, and by the Joint Research and Enterprise Office.
6.2 Funding 
The trial was funded by the Medical Research Council and British Lung Foundation. The funders offered methodological advice as part of their peer review processes, but did not have any direct involvement in the conduct of the trial. The investigational medicinal product was purchased commercially and the manufacturer had no involvement in the conduct of the trial.
6.3 Statement of Compliance

The study was performed in compliance with Good Clinical Practice (GCP).
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