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Scientific summary

Background

This report describes the development, evaluation and dissemination of statistical and econometric
methods for the design of explanatory trials of psychological treatments, and the explanatory analysis of
the clinical end points arising from these trials. We are concerned with making valid causal inferences
about the mediational mechanisms of treatment-induced change in these clinical outcomes.

Broadly speaking, the research presented in this report aims to answer four questions about complex
interventions/treatments:

1. Does it work? Is there a beneficial effect of the treatment compared with some other treatment or
treatment as usual?

2. How does it work? What are the underlying mechanisms or targets of the treatment?
3. Who does it work for? Are there subgroups of people who benefit most? Could the treatment be

targeted to particular subgroups of the population?
4. What factors make it work better? Is the intervention more effective when delivered as intended or

when the alliance with the therapist delivering the intervention is strong?

Objectives

The present project was focused on the use of social and psychological markers to assess treatment effect
mediation in the presence of measurement errors in the putative mediator, hidden confounding (selection
effects) and missing data. It was also concerned with the evaluation of the role of therapeutic process
variables (adherence to treatment protocol, strength of therapeutic alliance, empathy with the therapist,
components of therapy) in modifying the efficacy of the therapeutic interventions.

Our aim is to produce a report that is aimed specifically at practitioners (clinical trial statisticians and trial
clinicians) and not at the specialist readership comprising causal inference theorists. For this reason we
have kept the technical details to a minimum, leaving the reporting of the more theoretical and
mathematically demanding results for publication in appropriate specialist journals. We illustrate our
methods with applications from psychological and psychosocial intervention trials.

Methods

The programme of work had three integrated components: (1) the extension of instrumental variable (IV)
methods to latent growth curve models and growth mixture models for repeated measures data;
(2) the development of designs and regression methods for parallel trials; and (3) the evaluation of the
sensitivity/robustness of findings to the assumptions necessary for model identifiability. A core feature of
the programme was the development of trial designs involving alternative randomisations to different
interventions targeted on specified mediators.

A key area of application that has become apparent during the present research programme is the
potential role of prognostic and predictive markers in the evaluation of treatment effect mechanisms for
personalised therapies (stratified medicine), which links with component 2 as a form of stratified
trial design.
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We include three of our own methodological developments: (1) new IV methods that are much easier to
implement than earlier computationally intensive G-estimation methods (for the case of a binary mediator,
using the compliance score to create the instrument, where there are known or suspected unmeasured
confounders); (2) extensions of the existing regression methods, adjusting for all known confounders
and covering a variety of outcome types (implemented using the new Stata paramed command); and
(3) extending structural equation modelling methods to account for measurement error in the mediator.

Results

We give a general introduction to the concepts of treatment effects (efficacy), average treatment effects
(including the complier-average causal effect) and treatment effect heterogeneity. We discuss the
evaluation of mediation by setting the scene and providing motivating examples from our clinical work.
We give a critique of the historical analyses of treatment effect mediation and an introduction to the
application of modern methods of causal inference to the evaluation of the direct and indirect effects of
treatment (mediation). The technical challenge here is to allow for the possibility of hidden confounding
(unmeasured common causes, other than treatment, of the mediator and outcome) and errors in the
measurements of the mediator.

We introduce the role of post-randomisation sources of treatment effect heterogeneity, known as process
measures. As with mediation, the technical challenge is to allow for the possibility of hidden confounding
and measurement errors in the process variables. In addition, the process variable clearly cannot be
measured in the absence of any treatment (i.e. in the control condition in a randomised trial). Here we
illustrate and extend the use of IV methods and principal stratification for this application, the latter paying
particular attention to patterns of missing data (both in the process measures themselves and in the
clinical outcomes).

We consider extensions of the methods described above to more realistic longitudinal data structures (with
the possibility of repeated measures of the mediators or therapeutic process indicators as well as of the
clinical outcomes). We introduce and illustrate the use of latent growth curve and latent mixture models.

We focus on the design of Efficacy and Mechanism Evaluation (EME) trials, in particular the application of
design to create convincing IVs, bearing in mind assumptions needed to attain model identifiability (i.e. the
ability to obtain unique estimates of the causal effects of interest). We consider the role of targeted
therapies and multiarm trials and the use of parallel trials to help elucidate the evaluation of mediators
working in parallel. We give particular attention to the role of stratification (based on treatment effect
moderators or predictive markers) in the evaluation of treatment effect mechanisms motivating the
development of personalised therapies. We describe our new trial design, the biomarker-stratified EME trial
that fully integrates marker information in trials designed to evaluate treatment effect mechanisms
underlying the development of personalised therapies. We report the results of Monte Carlo simulation
studies to evaluate the performance of the design and how it is affected by misclassification errors in the
stratifying factor (treatment effect moderator or predictive marker).

Conclusions

First, we provide the following recommendations for EME triallists. In order to demonstrate both efficacy
and mechanism, it is necessary to:

1. demonstrate a treatment effect on the primary (clinical) outcome
2. demonstrate a treatment effect on the putative mediator (mechanism)
3. demonstrate a causal effect from the mediator to the outcome.
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The first two steps are necessary but not sufficient to demonstrate a causal pathway from treatment to
mediator to outcome. The final step requires careful justification of the assumption that there are no other
common causes of the mediator and outcome other than the treatment. These common causes may be
characteristics of the trial participant prior to treatment (i.e. potential covariates or prognostic markers that
could, in principle, be measured prior to randomisation). There could also be common causes that arise
after the onset of treatment (such as comorbidity, life events, etc.); these are much more difficult to
handle. Appropriate regression models should be applied for step 3, or alternative IV procedures, which
account for unmeasured confounding provided that a valid instrument can be identified. The key to
finding useful and convincing instruments appears to be treatment effect heterogeneity; in our examples
we have access to treatment effect moderators, the effects of which can be observed in terms of their
influence of treatment effects on both the proposed mediator and the final outcome. However, in addition
to this, we need an additional assumption that the moderation of the treatment effect on outcome is
wholly explained by the moderation of the treatment effect on the mediator (treatment effect mechanism).
Sensitivity analysis should be conducted to assess these key assumptions.

Second, we give the following recommendations regarding the role of EME in the development of
personalised therapies (stratified medicine):

1. Personalised therapy (stratified medicine) and treatment effect mechanism evaluation are
inextricably linked.

2. Stratification without corresponding mechanisms evaluation lacks credibility.
3. In the almost certain presence of mediator–outcome confounding, mechanisms evaluation is dependent

on stratification for its validity.
4. Both stratification and treatment effect mediation can be evaluated using a biomarker-stratified trial

design together with detailed baseline measurement of all known prognostic biomarkers and other
prognostic covariates.

5. Direct and indirect (mediated) effects should be estimated through the use of IV methods (the IV being
the predictive marker by treatment interaction) together with adjustments for all known prognostic
markers (confounders), these adjustments contributing to increased precision (as in a conventional
analysis of treatment effects) rather than bias reduction.

Recommendations for future research

We conclude by giving some brief recommendations for future research in five key areas:

1. linking efficacy and mechanism evaluation explicitly
2. design of trials for EME and implications for sample size
3. measurement of mediators (reliability and measurement error)
4. other forms of outcome variable
5. sensitivity analysis.

Funding
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