EFSPI Meeting with MHRA Statisticians Minutes
13th November 2024
Attendees
MHRA: David Brown, Inês Antunes dos Reis, Julia Saperia, Khadija Rantell, Maria Peppa.
EFSPI: Alessandro Previtali, Anja von Heydebreck, Åsa Hellqvist, Beth Ireland, Christoph Gerlinger, Cornelia-Ursula Kunz, Dan Evans, Florian Voss, Fredrik Öhrn, Giuseppe Palermo, Guillemette de la Borderie, Heiko Goette, Jenny Devenport, Julien Tanniou, Jürgen Hummel, Karen Smith, Marc Vandemeulebroecke, Mark Whitlock, Mette Krog Josiassen, Michael Cartwright, Natalia Muhlemann, Nicky Best, Pascal Minini, Philip Hougaard, Rima Izem, Thomas Schmelter, Tiina Hakonen, Tobias Mielke, Yolanda Barbachano.
	Topic
	Questions and Notes

	Opening
	The meeting opened with the introduction (name, company and location) of the attendees from both MHRA and EFSPI.

MHRA Team outlined the expectations for the discussion, noting that while they have received extensive details and references, they could not go into the level of details that EFSPI may have anticipated. Instead, they will provide a broader overview. However, if individuals or groups have specific, detailed proposals, there remains an option to request a broad scope advice meeting with MHRA.

EFSPI agreed, noting that this is an informal exchange. Detailed information is not expected; the objective is more to gain a general understanding of these topics.

	Follow up from last meeting
	Is there any follow up on any items discussed at the last meeting (8 November 2023) not covered elsewhere?

Estimands
MHRA Team mentioned observing an increasing adoption of the estimands framework in scientific advice and marketing authorisation applications, applicable across both early and late-phase trials in various settings, as well as clinical investigation for devices. MHRA has incorporated the framework into its clinical assessment report template.  They also observed remaining challenges with the application of estimands in particular the identification of intercurrent events and description of their handling strategies, which are sometimes misunderstood or misaligned with the method of the estimation and study objective. Common questions arise around identifying and defining intercurrent events and evaluating the appropriateness of different strategies to address them. Misinterpretations of strategies outlined in the addendum, such as the “while-on-treatment” and “principal stratum” strategies, are noted, with these often misunderstood and incorrectly applied. Occasionally, there is also an observed disconnect between analysis methods and the intended estimand strategies. The accurate translation of study objectives into estimands continues to be difficult. Additionally, estimand reporting is still primarily located within the statistical section of reports.

MHRA Team noted that the estimands framework has increased transparency and clarity (e.g. thoughts on how to handle discontinuations), enhancing the assessment process overall. However, in some instances, it has led to confusion. MHRA Team cited a recent example in oncology time-to-event analysis, where different types of intercurrent events were listed in the study report and protocol with corresponding estimand strategy titles (e.g. treatment policy, hypothetical), but without an explanation of what specifically had been done. MHRA Team emphasised that strategy titles should not be treated as fixed terminologies but rather as conceptual tools to clarify intended approaches. MHRA Team stressed the importance of fully describing each strategy, as simply naming a strategy is insufficient for clarity.

EFSPI had a comment regarding the common misunderstandings of certain strategies, such as the “while-on-treatment” versus “hypothetical” strategies, and asked if a general example could be provided to clarify.

Back to the example mentioned above of censoring at treatment discontinuation, MHRA Team mentioned that when censoring is applied, it assumes the patient would behave similarly to those who continued treatment, even if they have stopped. Although it might seem that censoring aligns with a “while-on-treatment” strategy, this is not the case. This is considered instead to fit with the hypothetical strategy. MHRA Team noted that many companies mistakenly use the “while-on-treatment” strategy terminology when in fact a “hypothetical” approach is being used. MHRA Team added that the “while-on-treatment” strategy generally applies to specific scenarios, particularly when the intercurrent event is not related or a consequence of treatment—such as in palliative care, where the question of interest lies in patient outcomes before they pass away, e.g. control of nausea or pain.  The “while-on-treatment” strategy also often implies a change in the nature of the endpoint in order to consider only the data up until the moment the intercurrent event occurs. 

MHRA Team further pointed out that some literature in the time-to-event context highlights the importance of selecting appropriate estimators. The choice between “hypothetical” and “while-on-treatment” strategies, as well as the estimation method, can vary significantly depending on the target estimand. MHRA Team acknowledged that work also still needs to be done on the regulatory side. In conclusion, it is important to identify and clearly describe what is estimated and how. If there are clear descriptions of what has been done, a disagreement over the estimand strategy label has less importance so long as the approach is agreed.

Subgroup analysis
MHRA Team noted that there was nothing specific to add over the past year.

Surrogate endpoints
MHRA Team mentioned that, although no new specific guidance was issued, efforts continued in providing guidelines, discussing and consulting on surrogate endpoints (a link to these resources could be shared with the group), and contributing to consultations on dose-finding studies.

the Lancet, https://doi.org/10.1016/s0140-6736(24)01306-0 and an editorial in JAMA, https://doi.org/10.1001/jama.2024.15219

Yap C, Rekowski J, Ursino M, Solovyeva O, Patel D, Dimairo M et al. Enhancing quality and impact of early phase dose-finding clinical trial protocols: SPIRIT Dose-finding Extension (SPIRIT-DEFINE) guidance BMJ 2023; 383 :e076386 doi:10.1136/bmj-2023-076386 
Yap C, Solovyeva O, de Bono J, Rekowski J, Patel D, Jaki T et al. Enhancing reporting quality and impact of early phase dose-finding clinical trials: CONSORT Dose-finding Extension (CONSORT-DEFINE) guidance BMJ 2023; 383 :e076387 doi:10.1136/bmj-2023-076387


	What is on your agenda?

	Can you give us an update on current statistical issues and potential regulatory statistical concerns of the future? 
What regulatory guideline are planned by MHRA? Where do we see diversion in regulatory thinking from EMA? 


MHRA Team confirmed that there is no intention to have divergence with EMA but rather harmonisation. To that end, MHRA is now part of ICH.

MHRA is developing the following guidelines:
· Guideline on personalised medicine – coming soon for consultation
· Guideline on external controls (part of RWE series)– draft but hopefully close to come out.
Other initiatives in the public domain include a document on MHRA strategic approach on artificial intelligence and the MHRA data strategy 2024-2027: 
MHRA_Impact-of-AI-on-the-regulation-of-medical-products.pdf
MHRA Data Strategy 2024 - 2027

In addition, internal to MHRA, the Innovative Licensing and Access Pathway (ILAP) is going to be re-launched next year. 

EFSPI asked if, in the ILAP, there would be some specifics from statistical perspective that will be an area of focus. MHRA Team answered that there are no stats specific modules. However, as part of an application, a statistician could be involved, for example if there were proposals for novel statistical approaches used for a clinical development. Such discussions may also be initiated during scientific advice. Though, as part of the ILAP, there is the opportunity to have HTA contributions (e.g. NICE, the Scottish Medicines Consortium and the All Wales Therapeutic and Toxicology Centre) and therefore the proposals can be discussed with all parties present.

EFSPI asked about the links between MHRA and the EMA Methodology Working party to have harmonisation on directions. MHRA Team answered that MHRA is not formally involved as MHRA would not be involved in the authoring of EMA guidelines. However, MHRA provides comments on new draft EMA guidelines when released for public consultation. Feedback on these drafts is gathered from the individuals and final comments are sent after discussion with the team. 

EFSPI questioned about the relationship between the EMA and the Access consortium (MHRA, Australia, Canada, Singapore, Switzerland). MHRA Team answered that the UK joined the ACCESS consortium in 2020. As part of this there is an offer of joint procedures to have a simultaneous assessment from these countries. Different countries would take the lead on different modules of the dossier. The difference with a centralised EMA application is that in EMA there is one common vote at the end whereas with the Access consortium, each country can make their own decision.

	Bayesian statistics and inference in confirmatory trials, including for non-rare diseases and beyond paediatric trials 

	Bayesian clinical trial designs and analyses have received a lot of attention recently by industry, regulators and academia, and several regulatory agencies, including FDA, EMA and CDE, are planning to develop guidance documents on Bayesian methods in 2025. 

Bayesian inference can be used with weak or non-informative priors (in which case, such designs are often calibrated to control frequentist type 1 error) or using informative priors to enable formal inclusion of relevant external information in the analysis of a clinical trial. Such designs may allow efficient trial conduct in small patient populations such as paediatrics and rare diseases and there are a growing number of examples of Bayesian methods being accepted by regulators in such settings. Bayesian designs, particularly those leveraging informative prior information, can also benefit patients in settings beyond rare diseases and paediatric trials, by minimising human exposure to investigational products, reducing the need for a placebo arm, and allowing for earlier assessment of treatment effects, which can be particularly advantageous in the context of disease areas where treatment options are limited.

Questions for MHRA:
1. What type of arguments, whether statistical or clinical, is the MRHA looking for in the protocol or the SAP for justifying the use of Bayesian statistics for inference in confirmatory trials? 
· Guidance on the role of Bayesian methods for borrowing / integrated evidence / meta-analysis / shrinkage estimation in a confirmatory setting would be highly welcome
· Are there additional MHRA considerations when reviewing such proposals for settings beyond rare diseases and paediatrics?

MHRA Team noted that, as discussed at the start of the meeting, MHRA statisticians may not be able to provide detailed answers to all questions but are willing to share some thoughts on the topic.

As noted in ICH E9 the use of Bayesian methods may be considered when the reasons for their use are clear and when the resulting conclusions are sufficiently robust. In general, the MHRA expectations for trial operating characteristics for a Bayesian trial are the same as for a trial that does not employ a Bayesian design, e.g. the decision criteria should be chosen such that the type I error probability for the null hypothesis of no effect on the primary endpoint is appropriately controlled. It seems unlikely that an analysis using an informative prior can fulfil this requirement.  For a trial using a Bayesian design, comprehensive simulations will be required to demonstrate type I error control, which will complicate the application and the assessment. There should be consideration of whether this increased complexity is sufficiently compensated for by any advantages. It should also be noted that even if a Bayesian approach is employed, it would be expected that point estimates and confidence intervals for the treatment effect based only on the trial data are presented, along with associated p-values.

MHRA Team noted their experience with these approaches, particularly for futility analyses. Due to the lack of current regulatory guidance on Bayesian methods, the acceptability of Bayesian design is still considered on a case-by-case basis.
When evaluating the totality of evidence through a Frequentist perspective, each trial's results are considered independently. A key concern with Bayesian methods is the potential for double counting of prior information, i.e. in situations where the same prior information would support inference in multiple trials, or if reviewers consider their own prior knowledge when interpreting the overall evidence which includes a posterior probability already incorporating the prior knowledge. 
There is also a concern about potential time trends and biases that could be introduced when using prior data. When using historical datasets, it is essential to assess the data heterogeneity due to possible time trends. 
Additionally, assessing the assumption of exchangeability is challenging in situations with small sample sizes. As an implication, any reduction in sample size motivated by use of prior information could conflict with the assessment of exchangeability. 
With regards to data borrowing, there should be an adequate number of trials to support benefit-risk assessment. Understanding the impact of dynamic borrowing on posterior results is also important, as this may introduce type I error increases and potential biases. The posterior distribution can sometimes be highly sensitive to the choice of prior distribution, making it essential to provide a clear, clinically and statistically justified rationale for this choice. A simple mention of the prior is insufficient; sensitivity analyses should confirm the robustness of models across different prior choices.
Another consideration is the decision rule and its threshold, as the posterior distribution relies solely on the data and prior distribution, while the decision rule depends on additional factors such as this decision threshold and associated risk of incorrect decisions.
The ICH E20 guideline on adaptive designs is currently being developed and may include a section on Bayesian adaptive designs. Additionally, the ILAP framework offers a specialised tool for innovative trial designs, which may be relevant to this topic.

As regards the first question, EFSPI asked whether the MHRA has any examples or applications where Bayesian methods were used for borrowing external information, shrinkage estimation (e.g. for subgroups), or meta-analysis, and if there are situations where data exchangeability might be less of a concern. 

MHRA Team responded that, while they may not have extensive experience in this area, they have encountered relevant cases. MHRA Team emphasised the previous point about the risk of double counting. MHRA Team noted that the definition of a trial sometimes needs to be reconsidered. When external data is incorporated into a prior and combined with trial data to derive a posterior probability, this represents a summary of the entire knowledge, rather than insights gained solely from the trial itself. Therefore, careful interpretation is required. MHRA Team advised either keeping these sources of information separate or ensuring a thorough understanding of the process. While it may be mathematically appealing to consolidate everything into a single figure, sometimes it is better to discuss the multiple sources independently.

EFSPI mentioned that it is helpful to consider how to present trial results. EFSPI further asked if there would be value in having a formal discussion on designing a trial with the intention of incorporating new external information from the start. The goal would be to understand the evidence generated by the trial itself without relying on a post hoc supplementary evidence synthesis.

MHRA Team emphasised that this point should be addressed on a case-by-case basis, focusing on key considerations such as type I error when using an informative prior. In such cases, type I error calculations may need to be conducted through simulations. 

While Bayesian methods are the focus of the question, MHRA Team pointed out that other approaches, including Frequentist methods, could also be used to incorporate external data, such as external control arms. Evaluation of the same evidence should lead to the same conclusions regardless of the method applied (if the methods are appropriate). The central question, regardless of methodology, when using external controls is the level of confidence in the quality and relevance of the external control data. MHRA Team highlighted that when a company aims to gain efficiency, for example, by reducing the number of patients exposed to placebo, the first consideration should be the quality and relevance of the external data. Once the acceptability of the data is established, the choice of methodology can follow. In principle, Bayesian methods are acceptable as long as their properties, such as type I error control, can be justified—typically demonstrated through simulations. However, MHRA Team emphasised the importance of providing a clear rationale for choosing Bayesian methods as in some cases, these methods may add unnecessary complexity without much gain in efficiency.

2. Recognising that strict control of type 1 error is not possible if using Bayesian designs with informative priors, what are MHRA considerations for deviating from minimising bias / maximum type I error rate control in a confirmatory setting, and under what circumstances (beyond rare diseases and paediatrics)? 
· What alternative metrics would MHRA consider appropriate for evaluating designs in such circumstances? (e.g. average type I error? Optimising tradeoff between type I and type II errors?)
· What gaps are there that need to be addressed to be able to give such guidance?

MHRA Team sought clarification on the type of external data, asking whether it pertains, for example, to previous placebo data.

EFSPI provided an example of a sponsor's program where control and placebo data from other studies within the same program are available. These studies involve the same patient population and inclusion criteria, offering high confidence in the exchangeability of the data. This allows for a better understanding of plausible differences or potential heterogeneity.

MHRA Team noted that in such situations, type I error might not necessarily be affected, but the key question would be the level of confidence in the results afterward. Companies have previously presented external controls using methods such as propensity scores to produce a standard p-value, not necessarily Bayesian methods. However, the confidence in the p-value depends heavily on the quality and relevance of the external data and the potential for unknown biases. MHRA Team emphasised that such approaches are often adopted due to specific limitations, but interpreting the p-value in the same way as in a randomised context can be challenging. While type I error control can still be considered, it is important to recognise that the results may not carry the same robustness due to the non-randomised nature of the data. Exchangeability and similarity between the placebo group and the prior is very important to consider. Biases, potentially significant ones, could be introduced by unknown factors, making this approach case dependent. MHRA Team re-emphasised the need to come for a scientific advice to discuss the aspect relating to the specific trial. 
EFSPI posed a related but slightly different question, using a hypothetical trial scenario. In a trial with two treatment arms and one control arm, if one treatment arm is dropped during an interim analysis, the data from the remaining treatment arm and the control arm can still be fully used, both before and after the dropped arm. However, in the reverse scenario—starting with one treatment arm and one control arm and adding a new treatment arm at an interim analysis—the data collected prior to adding the new arm might not be used due to a potential shift in the population caused by introducing the new arm. EFSPI specifically questioned whether the control arm data could still be used for the added treatment arm, even though the control arm was initiated earlier. EFSPI argued that this scenario is not entirely equivalent to an external control but rather reflects a slightly earlier randomisation. EFSPI asked for clarification on why such data might not be usable in this setting.

MHRA Team noted that this scenario is a kind of a platform design. MHRA Team agreed that, in theory, for a fair comparison, only patients randomised after the inclusion of the new treatment arm should be used, as these are strictly comparable. However, whether the data from patients enrolled before adding the new arm can be used would depend on the context. Key considerations include how different the earlier data is from the data collected after the new arm was added, as well as the timing of the trial, for instance, whether it began three years ago or just three months ago. Depending on these factors, using the earlier data might be acceptable.

EFSPI emphasised that concepts are often treated as dichotomies, such as internal vs. external controls or Frequentist vs. Bayesian approaches, when in reality, they exist on a spectrum. EFSPI drew a parallel to response-adaptive designs, where the randomisation ratio evolves over time, highlighting the need to consider the broader space of trial design. Within this space, various special cases can be identified, and a more comprehensive approach to understanding these designs is required.

MHRA Team acknowledged that this is a valid point, noting that decisions are not typically black and white. MHRA Team emphasised the importance of pragmatism and highlighted that there is some flexibility in the approach, although it is challenging to provide a general statement applicable to all situations.

3. What are the MHRA considerations when reviewing (in non-rare / non-pediatric indications) a “hybrid” design, where a classical frequentist approach is used for a primary endpoint (say, as a gatekeeper), and Bayesian approach with an informative prior (e.g. on the control group or treatment effect) is used for one or multiple secondary endpoints? For example:
· Oncology – in indications with long overall survival, where after PFS or MRD (primary endpoint) important level of crossovers could be expected due to long follow up period for OS as key secondary endpoint: could Bayesian borrowing be used to augment control for OS (no borrowing for PFS)?
· Cardiovascular – 3P-MACE as primary, CV death as key secondary, one could imagine borrowing on the treatment effect from an adjacent population (e.g. primary prevention <-> secondary prevention)
· Cardiovascular – MACE or clinically hierarchical composite (Finkelstein-Schoenfeld / win ratio) as primary, individual components of composite as secondary (which are important to inform clinical practice) – could Bayesian borrowing from external controls (e.g. other RCTs conducted in population with similar I/E criteria and where outcomes (components) are adjudicated) be used to inform the analysis for mortality and other components of the composite endpoint? 
· Treatment of anaemia in chronic kidney disease – change from baseline in haemoglobin as primary efficacy endpoint, MACE as key secondary safety endpoint (borrowing from historical controls)

MHRA Team noted that  it could be possible to justify such an approach. While not specifically on the Bayesian point, a common example they observe is in oncology trials, where PFS is fully powered, and OS is assessed through a meta-analysis rather than relying solely on individual trial data. Another example is in diabetes trials, where the HbA1c endpoint is fully powered, while cardiac safety evidence is taken from several sources due to the limited number of events within a single trial.

4. Given MHRA experience with the use of external data sources to a clinical trial, what processes do you recommend for planning the use of external data sources and assessing fitness for purpose? 
· What information (on patient and/or trial level) does MHRA expect in order to evaluate a proposed external data source?

MHRA Team emphasised the importance of using the estimands framework to identify intercurrent events and define the appropriate population for analysis. MHRA Team noted that it is crucial to ensure alignment between the selected estimands for the study and the external data sources used in the planned analysis. Key considerations include ensuring comparability of patient characteristics (e.g. baseline variables, treatment type and frequency, amount and pattern of missing data) and ensuring that the data aligns in terms of regions, clinical settings, and the quality and completeness of the external data sources. Time-points for data collection should be aligned between trial and external data-source where possible. 

Additional question:
MHRA Team mentioned that another potential use of prior information was to make a case for a single pivotal trial as opposed to two pivotal trials. EFSPI raised a follow-up question about the use of prior information to motivate a single pivotal trial instead of two pivotal trials, asking what type of evidence would be required to support such an argument.
MHRA Team explained that the main reference for this topic is the CHMP Points to Consider on applications with single pivotal trials, which outlines scenarios where such an approach might be appropriate. For example, a single pivotal trial may suffice when seeking an additional indication for an already approved treatment in a closely related therapeutic area.


	Covariate adjustment in randomised clinical trials, including approaches based on ML 

	[bookmark: _Hlk181191987]Regulatory guidelines recommend using prognostic pre-treatment data to improve the precision and power of treatment effect estimates in clinical trials. However, many trials do not fully utilise the available information in baseline data due to a (perceived?) regulatory mandate to pre-specify variables for adjustment. Modern methods for covariate adjustment ie. targeted learning enables robust and efficient estimation of the causal treatment effects that are traditionally targeted in RCTs (https://link.springer.com/book/10.1007/978-1-4419-9782-1).  These methods are appealing in nature since they: 

1) Have the same built-in robustness as we know from traditional assumption lean estimation procedures, we utilise for RCTs
2) Are ensured to be more efficient than the traditional estimation procedures

Intuitively targeted learning builds on utilising predictions of individual endpoints based on a set of available baseline covariates that are ensured to be independent of randomised treatment. As such two strategies emerge:

1) Predictions can be “learned” from standard working regression models, such as generalised linear models 
2) Predictions can be “learned” using data adaptive machine learning algorithms such as super-learner (van der Laan, Mark J. "Targeted Maximum Likelihood Based Causal Inference: Part I" The International Journal of Biostatistics, vol. 6, no. 2, 2010. https://doi.org/10.2202/1557-4679.1211)

For the first strategy pre-specification is relatively straightforward, however, efficiency gains may be limited if predictions are not adequately reflecting the true data generating mechanism. The second approach typically ensures much better predictions and thus a better efficiency gain, but it is impossible to pre-specify to the level of detail when using the first approach, though it would be possible to pre-specify the selection algorithm rather than the variables themselves. This approach is further appealing as it allows for use of complex models or machine learning algorithms without compromising model-free estimands or statistical guarantees, even in the presence of mis-specified outcome working models (e.g. van Lancker et al 2024). 

Question to MHRA:
· Have MHRA endorsed any confirmatory trials where the primary analysis is based on any of these strategies (e.g. pre-specification of a covariate selection algorithm)? 
· What level of pre-specification is required for such approaches to be endorsed by MHRA?  
· In general, what are/would be the requirements for such approaches to be endorsed by MHRA?       

MHRA Team confirmed that there is a need for pre-specification in line with the CHMP guideline on adjustment for baseline covariates in clinical trials as well as ICH E9. Though, MHRA Team mentioned that MHRA would be very interested to learn more if there are new methods that may be used. Due to time and resource constraints, MHRA did not review the manuscripts provided in detail, and therefore at this stage cannot comment on what could be appropriate and acceptable. Though, the broad scope advice option or regular scientific advice are available for discussing new methods. There is also an opportunity for these to be explored as part of the ILAP re-launch where new tools are available. In addition, as part of the MHRA data strategy, these methods could be part of a data strategy and endpoint qualification process, which is planned as a future tool.

MHRA Team acknowledged that these methods have not been endorsed for any trial, since MHRA has not received any such proposals. The level of pre-specification would need to be discussed, justified and pre-agreed with MHRA. Acceptability would be a case-by-case decision. MHRA Team acknowledged that these methodologies could help to gain efficiencies.

MHRA Team clarified their understanding that the algorithm would be pre-specified but not the covariate adjustment. MHRA Team questioned the generalisability of the data outside of main study and more specifically what the impact on the selection of variables is if new data emerges and how to communicate the results from this type of analysis.

EFSPI explained that in a clinical trial, the relevant variables are identified before the start of the trial to be collected and then would be included in the model. Usually, the model is pre-specified with the relevant adjustment covariates. However, some variables may not have been anticipated as relevant and therefore are not included in the model and therefore it should not endanger the generalisability of the results that stems from the similarity between the trial population and the overall population. These questions should not be different from the traditional approach and the model-based approach. The only difference would be that the ML approach would allow to use variables measured beforehand but that were not previously envisioned as impacting the efficiency and robustness of the estimated treatment effect.

MHRA Team highlighted that at the design stage, there can always be the issue of overfitting. MHRA Team questioned how this is handled with this type of approach.

EFSPI explained that to his understanding overfitting is not an issue since the model is able to build itself to make best use of the data. Some variables may play a small role, but it is possible to prespecify the entire large list of baseline covariates which will go into the prediction model (although it is not known up front whether they will end up being important for increasing precisions).  EFSPI recognised that these methods may reduce variability and maybe it’ll be possible to run studies with smaller sample size or increased the power if the sample size is the same. It is however unknown to how much the variability would be reduced. Simulations can be performed to gain a better understanding.

MHRA Team asked if there were any regulatory precedents using this approach. 
EFSPI mentioned that the FDA guideline on adjusting for covariates in RCTs mentions doubly robust estimators coming from causal inference to adjust for different covariates.



