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Meta-analysis verses single large trials in selecting best intervention strategies 
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A comparison of using meta-analyses and single large trials in selecting best intervention stratergies.
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4. In deciding on best treatments for major illnesses, what are the relative advantages and disadvantages of drawing conclusions from:

(i) meta-analyses of multiple small clinical trials and
(ii) single large clinical trials.  

Discuss in relation to two important medical conditions, referring to the history of their clinical trials.
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Over the past 40 years evidence based medicine has emerged as the fundamental paradigm in medical practice.1 However, assessing the reliability of medical research, before it can be applied to clinical practice, is not a straightforward undertaking. The quality of publications is highly variable and the reliability of their conclusions is similarly inconsistent. Evidence hierarchies (see figure 1) provide a rudimentary estimate of the reliability of a publication, based on the study type.2 Large scale randomised controlled trials (RCTs) and meta-analysis constitute the top of the hierarchy, yet even the conclusions drawn from both these types of study can still be misleading or even incorrect. This essay will contrast these two highly regarded evidence types and discuss their relative advantages and disadvantages. It will illustrate these by examining two examples of therapeutic interventions investigated by RCTs and meta-analysis; the use of cholesterol lowering therapies in the prevention of ischaemic heart disease and the use of magnesium in acute myocardial infarction.3
RCTs are considered the best study type to analyse the efficacy of new therapeutic interventions. They are performed by allocating the study participants into two groups; those who will receive the new therapy and a control group. The control group receive the standard practice therapy for the study disease or a placebo, where no standard therapy exists. Allocation of participants to either group is randomised. The allocated intervention is then provided to the appropriate group for a specified time period and treatment outcome is measured and analysed. If the study population is sufficiently large then randomisation creates an even distribution of confounding factors between the two groups.4 This method controls for both known and unknown confounding variables and hence provides the best possible matching of the treatment and control groups.5 Randomisation is regarded as the primary advantage of RCTs over other study types.3,4 Methods of randomisation are often inadequately reported and as insufficient randomisation can introduce systematic error into RCTs it is suggested that all papers on RCTs must include details of the type of randomisation used and details of any restrictions this presents.6-9
RCTs commonly incorporate blinding to minimise participant bias. This involves ensuring the participants are unaware of which treatment group they have been allocated to. Studies of this type are termed a single-blind trials. It may also be possible to blind the researcher to the allocated treatment, to prevent observer bias. Where both participant and researcher are blinded the study is termed a double-blinded trial. However the term double-blind has inconsistent interpretation throughout the literature, variably referring to blinding of either the treatment provider or the data collector.10 To minimise bias, blinding should be as complete as possible with blinding of participants, treatment providers and data collectors. In one analysis odds ratios were reported to be exaggerated by 41% in poorly blinded trials.11 However Emerson et al. were unable to demonstrate any significant effect of poor concealment methods a discrepancy which merits further analysis of this effect.12
Small RCTs are frequently performed in the early stages of assessing novel therapies. However, the greater the number of participants in an RCT the larger the statistical power of the study. Therefore large RCTs (sometimes termed mega-trials) are widely regarded as the gold standard in the assessment of novel therapies. This substantial statistical power enables large RCTs to demonstrate very small differences in efficacy or to reliably conclude that there is no significant difference in efficacy between two therapies.4 
Large scale RCTs are not without disadvantages. They are expensive to undertake and very time consuming, which limits the number of large RCTs that can be performed. Study participants are selected by a set of predetermined characteristics and may not truly reflect the real population. Additionally, the treatment conditions of the trial may not reflect the treatment conditions experienced in a real healthcare setting. Indeed it has been noted that patients who participated in trials had a better outcome than those who did not irrespective of the treatment they received.13 Consequently, RCTs are capable of demonstrating the efficacy of treatment but not effectiveness.  RCTs also require a state of equipoise between the test treatment and control treatment to be considered ethically acceptable. This limits the application of RCTs. For example, they cannot be used to measure the magnitude of a known difference for a cost-benefit analysis.
When large scale trials are not available to direct clinical recommendations, clinicians and policy makers must assess the findings of smaller interventional studies. Small trials are often numerous and can report conflicting outcomes. The meta-analysis, therefore, provides a useful amalgamation and succinct analysis of the data from multiple, small clinical trials. A meta-analysis is the mathematical fusion of two or more primary research studies which evaluate the same hypothesis via the same methods.14 As well as providing a convenient literature summary, there are a number of potential advantages of the meta-analysis. Primarily it provides increased statistical power over the individual small studies as it considers more data. It is possible for a meta-analysis to demonstrate a statistically significant effect of treatment where, individually the component studies were not.14
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Constructing a meta-analysis is a multi-stage process, illustrated in figure 2.  Once the clinical problem has been defined, a comprehensive search for relevant data must be performed. Publication bias can influence the data collected at this stage and is multifactorial in origin; data that is statistically significant is more likely to be submitted for publication and more likely to be accepted for publication.15,16 Furthermore, statistically significant data is more likely to be published in English, in journals indexed in Medline and to produce multiple publications.15,17,18 All these factors combine to increase the preferential inclusion of statist-ically significant data into meta-analysis and are collectively termed publication bias. A comprehensive exploration for relevant data must therefore include data published in non-English journals, unpublished data (sought by personal request) and data from ‘grey literature’ such as non-peer reviewed journals and internal reports amongst other sources.14
The increasing popularity of meta-analyses in medical decision making has been noted.19 It has been suggested that in some cases the meta-analysis on a number of small RCTs provides enough evidence to guide clinical policy and that it is unethical to initiate new trials before a thorough meta-analysis of existing data has been conducted, particularly if the effect is very marked.4,19 Chalmers and Lau describe several retrospective examples of where a meta-analysis could have demonstrated the efficacy of an intervention significantly prior to the cessation of placebo controlled trials. One such example, illustrated in figure 3, is the use of prophylactic antibiotics in patients undergoing surgery for colon cancer.19 
Although the meta-analysis is a powerful tool in the analysis of existing data it has been demonstrated to be fallible. Large scale RCTs have produced results inconsistent with the conclusions of earlier meta-analysis.16 In addition, meta-analysis addressing the same clinical question have demonstrated contradictory conclusions.16 LeLorier et al. conducted a comparison of 12 large RCTs with 19 meta-analysis published previously which addressed a total of 40 overlapping primary and secondary outcome measures.20 The agreement between the studies was described as only fair, with the positive predictive value of the meta-analysis on the results of the large trials being 68% and the negative predictive value 67%.20 However, in this study no contradictory findings were demonstrated; the discrepancies found were only in the significance of any effect demonstrated not in the direction of that effect. If this result is generalisable, without subsequent large scale trials, meta-analysis would lead to the adoption of an ineffective treatment in 32 percent of cases and rejection of effective treatment in 33 percent of cases.20 However this analysis considers the results of the large scale trials to be the true values, which may not be a fair assumption. Minor differences in doses, duration of therapy, diagnostic criteria, patient sample, data collection methods and outcome measures can skew the results of both large trials and component studies of meta-analysis. For example a given set of diagnostic criteria for depression may demonstrate improvements from a drug therapy that another set may not. Therefore a single large trial that uses the latter diagnostic criteria would be unable to demonstrate drug efficacy but a meta-analysis of smaller studies using a variety of diagnostic criteria may. It is therefore possible that the conclusions of a meta-analysis are more generalisable than those of a single large study, since the component study parameters are likely to take a range of values.
The impact of reduction of serum cholesterol on the risk of ischaemic heart disease is an example of where meta-analysis has been valuable in explaining the data from RCTs. During the 1950s and 1960s it became evident that serum cholesterol levels were a major risk factor for the development of ischaemic heart disease.21 The first RCT to demonstrate the efficacy of cholesterol lowering drugs was published in 1986.22 Subsequent larger, multicenter RCTs further demonstrated this effect.23,24 Over the intervening years a number of mega trials have investigated this effect however the data from these large studies initially appears inconsistent.25 A meta-analysis of the 10 largest studies in 1994 demonstrated marked heterogeneity of effect size (see figure 4).26 Heterogeneity is a term used to describe the data from multiple studies which is not statistically consistent. A crude method of analysis of heterogeneity involves looking for overlapping confidence intervals on a forest plot, such as those shown in figure 3 and figure 4. The data in figure 3 demonstrates statistically consistent data, termed homogeneity. 
The heterogeneity amongst cholesterol trials was explained in subsequent analysis by Thompson.25 He was able to demonstrate homogeneity of the data once patient age, intervention type, duration of trial, average extent of cholesterol reduction and selection criteria had been controlled for.25 This analysis provides an understanding of the generalisability of these results. For example, risk reduction of ischaemic heart disease for a given reduction in serum cholesterol appears decrease monotonically with increasing age.25 This work provides an example of how an investigation of heterogeneity in meta-analysis can reveal additional information and should always be performed where heterogeneity exists.
The use of intravenous magnesium infusion in acute myocardial infarction is an example of how publication bias can influence the results of meta-analysis.27 In 1991 a meta-analysis of seven RCTs concluded that the administration of magnesium sulphate or magnesium chloride immediately following a suspected myocardial infarction significantly (p<0.001) reduced mortality.28 This conclusion gained additional support in 1993 with a further meta-analysis incorporating new data.29 The authors of this paper argued that the evidence was sufficient enough to merit the introduction of magnesium therapy into clinical practice without delay.29 These meta-analyses were subsequently undermined in 1995 when a trial of 58050 patients showed no effect of magnesium on mortality and therefore suggesting that the results of the meta-analyses were artifactual.27,30 This discordance has been subsequently investigated and evidence from funnel plots utilised to implicate publication bias as a probable cause for the false positive meta-analyses.27 As illustrated in figure 5 funnel plots can be used to demonstrate missing literature in meta-analyses.16 Publication and other bias will render the funnel plot asymmetrical and hence shift the resulting compiled value of the meta-analysis away from the true value.16 
A number of conclusions can be drawn from this comparison of meta-analysis and large scale RCTs. Primarily that the results of meta-analyses should be treated with caution and require intense scrutiny before they are used in the alteration of policies. Strict guidelines for reporting meta-analyses should be devised similar to those provided by the CONSORT statement for the reporting of RCTs.9 These should include the incorporation of funnel plots and a comprehensive description of methods taken to seek out unpublished data and data from grey literature. Guidelines on conducting meta-analysis should also be devised with construction of evidence based eligibility criteria for the inclusion of papers in meta-analysis which could be universally implemented. These criteria should include ensuring all incorporated trials used adequate randomisation and that a thorough analysis of any heterogeneity is performed. Inconsistent conclusions regarding the effect of inadequate blinding in RCTs may merit a systematic review of papers considering these effects. This would enable criteria regarding the use of blinding in RCTs included in meta-analysis to be devised.
The results of single large RCTs should also be treated with caution and should not be regarded in isolation. A comparison with the results of meta-analysis should be performed and where discrepancy exists scrutiny of both the meta-analysis and the large RCT is required.
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Figure 5. Hypothetical funnel plots. (A) shows a symmetrical plot in the absence of bias. The open circles represent non-significant trial results. (B) asymmetry resulting from publication bias eliminating smaller non-significant studies. (C) asymmetry resulting from poor method-ological quality in small trials represented by open circles. Figure excerpted from Stern et al.16





Figure 4. A forest plot of reduction in risk of ischaemic heart disease by lowering serum cholesterol. The data is expressed as percent reduction in relative risk per reduction in serum cholesterol of 0.6mmol/l. This data demonstrates consider-able heterogeneity. Figure excerpted from Greenhalgh.14





Figure 1. Hierarchy of evidence for assessing the efficacy of a therapeutic intervention. The most highly regarded study types are at the top of the pyramid. Figure adapted from Akobeng.3





Figure 3. RCTs of prophylactic antibiotic use in surgery for colon cancer. On the left is a standard meta analysis forest plot and on the right a cumulative analysis. Statistical significance is demonstrated long before the cessation of RCTs. Figure excerpted from Chalmers and Lau.19





Figure 2. Stepwise method for performing a systematic review and meta-analysis of RCTs. Figure adapted from Greenhalgh.14
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