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Aims: To facilitate regulatory learning, we evaluated similarities and differences in evidence requirements between regulatory and health technology assessment (HTA) bodies of Alzheimer's disease (AD) approved products.

Methods: The European marketing authorisation application dossiers and European public assessment reports (EPARs) of the licensed AD drugs were screened to identify the phase III randomised controlled trials (RCTs) and outcomes used. We also screened the assessment reports of the National Institute of Health and Care Excellence (NICE, England) and the National Health Care Institute (ZiN, the Netherlands) to identify the studies and outcomes used in HTA assessments.

Results: The application dossiers of donepezil, galantamine, rivastigmine, and memantine contained 16 phase III RCTs in total. These trials were also included in HTA assessments except that NICE excluded studies that were not published (n = 2) or trials that included patients with other types of dementia (n = 3). In the regulatory assessments the focus was on cognitive and global outcomes, and to some extent on function. In the HTA assessments of clinical effectiveness other domains were also covered including: function, behaviour and mood, and, occasionally, quality of life. In the economic analyses of NICE the domains cognition, function, and quality of life were included.

Conclusion: There was a large overlap in inclusion of trials in regulatory and HTA assessments, although the focus on specific outcomes slightly differed. Understanding the methods and perceptions of both authorities can stimulate regulatory and HTA cross-talk and further alignment, and therefore more rapid patient access to new treatments.
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INTRODUCTION

Alzheimer's disease (AD) is the most common cause of dementia worldwide and in Europe; the estimated prevalence of the disease ranges from 1 to 2% in persons aged 60 years and older, and the prevalence of AD is expected to increase substantially in the next decade (1). Currently, two different classes of AD drugs are available on the European market: the cholinesterase inhibitors (rivastigmine, donepezil, and galantamine) and one non-competitive N-methyl-D-aspartate receptor antagonist (NMDA; memantine) (2). As these drugs are symptomatic treatments, providing only temporary and modest improvement in AD symptoms, a large unmet medical need remains in AD. There are now around 100 AD drugs in the drug-development pipeline, of which around 70% are disease-modifying agents (3).

Patient access to new drugs requires marketing authorisation from a regulatory authority and reimbursement by a payer. In the European Union (EU), the centralised marketing authorisation procedure is compulsory for drugs that treat neurodegenerative disorders in humans (4). Under this procedure, the company submits a single marketing authorisation dossier to the European Medicines Agency (EMA) and will be granted a marketing authorisation for the European Economic Area if the drug's benefit-risk profile is positive. Health technology assessments (HTA) and reimbursement decisions take place at a national or regional level and methods vary between regions. The focus is usually on clinical effectiveness, cost-effectiveness and budget impact of a drug as compared to existing treatment options (5, 6).

Due to differences in evidence requirements it can be challenging for pharmaceutical companies to design clinical trials that meet the needs of both regulatory and HTA agencies (7). Several initiatives have been launched in recent years to increase the interaction between medicines' developers, regulators and HTA bodies and the EMA now offers joint scientific advice with the European Network for Health Technology Assessment (EUnetHTA), allowing companies to obtain feedback on their development plans from both regulators and HTA bodies (8).

Narrowing the gap in evidence requirements between regulatory and HTA agencies could facilitate more efficient drug development and earlier patient access to promising treatments. To inform constructive collaborations between all stakeholders it is important to determine what differences in evidence requirements actually exist. Therefore, the objective of this study was to assess differences and similarities in inclusion of clinical trials, outcome domains, and the use of real world evidence in regulatory and HTA assessments of the four currently available AD drugs.

METHODS

We included the three cholinesterase inhibitors (donepezil, galantamine, and rivastigmine) and the NMDA antagonist memantine in this study as they are the currently authorised drugs for AD. Donepezil and galantamine were approved through the European mutual recognition procedures in 1997 (2011 in the Netherlands) and 2000, respectively, and rivastigmine and memantine through the European Medicines Agency's (EMA) centralised procedures in 1998 and 2002.

Regulatory Assessments

We collected all information from the application dossiers for marketing authorisation, regulatory assessment reports, and the European public assessment reports (EPARs) that were accessed through the Dutch Medicines Evaluation Board database (application dossiers for marketing authorisation of the mutual recognition procedures (donepezil and galantamine), the summary of the application dossiers for the centralised procedures (rivastigmine and memantine), and the regulatory assessment report of galantamine), or the EMA website (EPARs, rivastigmine and memantine) (9, 10). See Figure 1 for an overview of all included data sources.


[image: image]

FIGURE 1. [image: image]Report was included in our study. [image: image]Report was not available and was therefore not included in our study.



We extracted the following information on the marketing authorisation procedures of AD products: year of approval, product name, and the indication for which a product was approved. Additionally, detailed information was collected from the phase III randomised controlled trials included in the application dossiers: name of the study, study design, drugs and dosages, number of participants, primary and secondary endpoints, and whether the study had been published in a peer reviewed journal. Furthermore, from the EPARs and the regulatory assessment report we extracted which outcome domains were used in the regulatory assessments.

HTA Assessments

We included the HTA reports from The National Institute of Health and Care Excellence (NICE; England's HTA body) and from the National Health Care Institute (ZiN; Dutch HTA body) as the authors had access to the assessment reports required for this study. NICE's most recent assessment encompassed all four AD drugs and is publically available (Technology Appraisal TA217: Donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease). The ZiN assessment report of donepezil was accessed through the ZiN website (11), but the galantamine and memantine reports were not publicly available and were obtained from ZiN directly. In the current study, we included both the first ZiN assessment report of memantine (2003) and the reassessment report of 2004, as memantine was only reimbursed in the Netherlands after the second assessment. We could not access the ZiN assessment report of rivastigmine and therefore it was not included in this study (Figure 1).

We extracted the following data from the HTA reports: publication date, indication(s) for which the product was assessed, overview of included studies, outcome domains of the assessment, and use of real world evidence. For the NICE appraisals we also evaluated the effectiveness measures used in the economic analyses. No economic analyses were used in the available ZiN assessments.

RESULTS

Clinical Trials Included in Regulatory and HTA Assessments

We found that out of the 16 phase III trials that were included in the marketing authorisation application dossiers of the four drugs, 12 were included in the ZiN appraisals (no data available for rivastigmine) and 11 were included in the most recent NICE appraisal (Table 1). The reasons for exclusion of five trials in the NICE report were that patients with other types of dementia were included (n = 3) or the results of those trials were not, or only partially, published in peer-reviewed journals (n = 2) (Table 2). Supplementary Table 1 gives an overview of the characteristics of all 16 phase III RCTs included in the marketing authorisation application dossiers, including information on the trial arms, number of participants, disease severity of included patients, and primary and secondary outcome measures.


Table 1. Alignment of regulatory and HTA assessments of NICE and ZiN.
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Table 2. Reason of exclusion of phase 3 trials of the marketing authorisation dossiers in the NICE assessment of clinical effectiveness.
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Outcome Measures and Domains Included in Regulatory and HTA Assessments

Overall, a large variety of different outcome measures were used in both the HTA assessments and the phase III trials of the marketing authorisation dossiers. Five main outcome domains could be identified: cognition, function, global effect, behaviour and mood, and quality of life. Supplementary Table 2 gives an overview and glossary of the outcome measures used per outcome domain.

We identified slight differences in outcome domains that were included in the regulatory assessments compared with the HTA assessments (Table 1). In the risk-benefit analyses of the regulatory assessments, only primary outcomes of the registration trials were considered; namely cognition and global effect for mild-to-moderate AD (donepezil, galantamine, rivastigmine, and memantine) and function and global effect for moderate-to-severe AD (memantine). However, in the only available regulatory assessment report (galantamine), the results of the secondary outcome measures (function and behaviour and mood) were also mentioned, and thus implicitly assessed. In the assessment of clinical effectiveness, NICE evaluated the totality of evidence, including the outcome domains cognition, function, global effect, behaviour and mood, and quality of life, however, due to a lack of randomised evidence, quality of life could only be assessed for donepezil. In the economic analyses of NICE the domains cognition, function, and health related quality of life were included. In the model, health-related quality of life (EuroQol-5 Dimensions, EQ-5D) was mapped from cognition values.

ZiN assessed the outcome domains cognition, function, and global effect. Additionally “behaviour and mood” was assessed in the report of donepezil.

Types of Evidence Included in HTA Assessments

The NICE assessment (TA217) evaluated the clinical effectiveness of the AD products by a systematic review of research evidence. Only systematic reviews of RCTs and RCTs were included (Table 1). Where data permitted, the results of the individual trials were pooled using meta-analyses (72). The manufacturers of donepezil submitted a systematic review that included both RCTs and observational studies. Results from observational data were specifically used to support the effectiveness of donepezil beyond 6 months of use, its effect on mortality, impact on care-giver stress and carer-time, and symptoms after withdrawal (72). The other manufacturers did not submit observational data. The submissions of the manufacturers were mainly used to compare their findings with the results of the systematic review of NICE.

In the ZiN assessment of galantamine the main evidence sources were the summary of product characteristics (SmPC) from the registration dossier and two Cochrane reviews of galantamine and rivastigmine (50, 61). In addition, a systematic review that included all three cholinesterase inhibitors (73), six randomised controlled trials (51–55, 60), and the 2001 NICE appraisal (62) were included. In the ZiN assessment report of donepezil (2013), comparators were rivastigmine and galantamine and main evidence sources were SmPC's, two head-to-head trials (31, 41), and one meta-analysis (40). The main source of evidence for the ZiN assessment of memantine in 2003 was the EPAR. In the reassessment of memantine (2004) one additional RCT was included and two publications that included post-hoc analyses on RCTs that were already included in the first assessment (68–70). ZiN did not include observational studies or other types of real-world evidence in any of the assessments.

DISCUSSION

The current study shows that the gap between regulatory and HTA assessments of approved AD drugs was not as large as it might be perceived. There was a large overlap in inclusion of RCTs, although the focus on specific outcomes slightly differed between regulatory and HTA assessments. In the assessment of clinical effectiveness, HTA evaluates the totality of evidence, including the outcome domains cognition, function, global effect, behaviour and mood, and, occasionally, quality of life and observational data. In the economic assessment of NICE only the dimensions cognition, function, and quality of life were included in the model. In contrast, in the risk benefit analyses of the regulatory assessments only primary outcomes of the registration trials were taken into account, namely cognition and global effect for mild-to-moderate AD and function and global effect for moderate-to-severe AD. Secondary endpoints were mentioned in the regulatory assessment report and are thus implicitly assessed as well.

All four drugs included in this study have been available for many years. In September 2018 the new EMA guideline on the clinical investigation of medicines for the treatment of AD came into effect, which distinguishes between patients with established AD, prodromal AD or mild cognitive impairment, and preclinical disease (74). For patients with established AD efficacy should be specified for the domains cognition, function, and global effect, with secondary endpoints including health-related quality of life, and behavioural and psychiatric symptoms. All these outcome domains were part of the HTA assessments included in our study, suggesting that for AD, regulatory and HTA requirements might not be far apart with respect to preferred endpoints.

The majority of AD drugs that are currently in the pipeline are disease-modifying agents that intend to prevent or slow disease progression and usually target underlying pathophysiologic mechanisms (e.g., amyloid and/or tau) early in the disease course (3). The EMA guideline indicates that in earlier disease stages, such as mild cognitive impairment (MCI) and prodromal AD, the use of primary endpoints assessing cognition and function or global might be difficult due to limitations of the currently available instruments. However, it remains important to demonstrate that the effects of treatments are clinically relevant. Possible solutions could be constructing more sensitive scales, investigating in detail only those domains that have been shown to be impaired in the early disease stages or the use of composite scales assessing both cognition and daily functioning as a single primary endpoint (74). Currently, there is no gold standard for the assessment of treatment effects in patients with preclinical AD. Prevention trials require at least large samples and long follow-up until a reliable and meaningful outcome is reached. In the EMA guideline, the main treatment goal remains prevention of cognitive decline. However, since a firm regulatory framework is lacking, no firm recommendation could be made in the guideline and therefore scientific advice is recommended (74). In addition, for the HTA perspective it will be essential to define what a clinically meaningful benefit might be for a disease-modifying drug that prevents or delays cognitive symptoms.

One of the main differences between regulatory and HTA assessments is that the latter will compare new drugs to the standard of care, whereas in regulatory assessments treatments are often compared with placebo. In general, HTA bodies will assess whether the new drug is more effective than the current standard of care, but a marketing authorisation does not require a drug to demonstrate superiority against comparators. In case of the current AD drugs, the standard of care was “best supportive care,” which meant that the RCTs used for marketing approval were also used for HTA appraisals, although the HTA assessments also compared the AD drugs with each other. The relative effectiveness of the different cholinesterase inhibitors was assessed using head-to-head trials or indirect evidence, i.e., RCTs with placebo arms or systematic reviews and meta-analyses.

Absence or poor quality of head-to-head comparisons might impact reimbursement decisions, because indirect comparisons might introduce uncertainty of the added therapeutic value of new treatments. In the evaluated HTA assessments of NICE and ZiN only a few good quality head-to-head trials were available. However, this did not impact reimbursements decisions, since there was sufficient evidence that demonstrated the clinical effectiveness of the different cholinesterase inhibitors was comparable (NICE and ZiN) and all treatments were considered cost-effective (NICE). However, it is important to note that the last NICE appraisal was concluded several years after the introduction of the drugs to the market, and the first HTA of a new, disease-modifying treatment might have to rely on less comprehensive evidence than that was available for this appraisal.

Another difference between regulatory and HTA assessments is that some HTA bodies, like NICE, reassess technologies over time (5). NICE appraised the approved AD drugs in 2001, 2006, and 2011. As more evidence on the effectiveness and safety of the AD drugs had become available, a large number of RCTs, systematic reviews, and head-to-head trials were included in the most recent NICE appraisal. The use of real world evidence was limited, probably due to the availability of a large amount of RCT evidence (72). The role of real world data in both regulatory and HTA assessments may increase once new treatments for AD need to be assessed. Currently, there are no gold standards for efficacy parameters for people with preclinical AD and long term studies will be needed to validate surrogate endpoints and model disease progression, preferably in a real world setting. Also, the latest EMA guideline on good pharmacovigilance practices states that in the post-marketing risk benefit analyses both clinical trial and real world data should be included (75).

Over the past decade, several initiatives have been launched to better align the assessments of regulatory and HTA bodies. In 2010, the EMA started a pilot on parallel regulatory-HTA scientific advice. As of July 2017, this procedure was replaced by the EMA-EUnetHTA Parallel Consultation, which is a single gateway for scientific advice from EMA and HTA bodies (8). In addition, EMA launched PRIME (PRIority MEdicines) in 2016 to promote early access to medicines that offer clear benefit over existing treatments or benefit for patients with no current treatment options (76). PRIME helps medicines developers with their development plans, offers continuous support, provides regulatory guidance, and consults other stakeholders including HTA bodies.

Wang et al. studied the impact of all these initiatives in different regions. They found that all stakeholders confirmed that gaps in evidence requirements between both regulators and HTA bodies had narrowed over the past 5 years (77). However, several divergences with relevance for AD were identified. Conditional or accelerated regulatory approvals were not well-aligned with flexible HTA approaches, possibly hampering early patient access. Furthermore, areas for improvement included acceptable primary and surrogate endpoints, inclusion of an active comparator arm in the trial, definition of unmet medical need, and post-marketing evidence generation.

Although regulatory approval of drugs is harmonised within the European Union, reimbursement decisions are still the responsibility of the individual member states, and different countries use different methods and processes for making these decisions. This can result in different reimbursement recommendations between countries or sometimes even regions when decision making is decentralised (78). In addition to EUnetHTA, other initiatives have also emerged to promote collaboration between countries and regions. The Beneluxa collaboration was launched in 2015 by the Netherlands and Belgium, and since then Luxembourg, Austria, and Ireland have joined. This initiative aims to ensure sustainable access to innovative medicine at affordable costs. Beneluxa encompasses joint horizon scanning, joint writing and mutual recognition of HTA assessments, information sharing, and collaboration on price negotiations (79). Other national initiatives, such as the Danish Medicines Council, have also emerged to ensure fast and homogeneous use of expensive treatments across hospitals and geographical regions in Denmark (80).

Our study has several limitations. First, we only included the assessments of AD drugs and therefore our findings on regulatory and HTA alignment may not fully apply to other disease areas. Furthermore, since no new AD drugs were approved recently, this study only included assessments of relatively old drugs, whilst regulatory and HTA processes will have evolved in recent years. Lastly, we only included two HTA bodies: NICE and ZiN. A large number of HTA bodies exist in Europe and we did not explore important differences in evidence requirements that might exist between European HTA bodies.

In conclusion, our study shows that in the case of established AD, evidence requirements of regulatory and HTA assessments were not that far apart. There was a large overlap in inclusion of phase III trials and use of outcome domains, although the focus on specific outcomes slightly differed. Further alignment might be possible if regulatory authorities use the totality of evidence, including secondary endpoints, explicitly in their benefit-risk assessments and anticipate on collecting real world data to monitor drugs over their life-cycle. New challenges will arise with disease-modifying AD drugs that are currently in development and no gold standard for efficacy measures have been established for these patient groups. These drugs will target people before showing symptoms or when they only experience mild cognitive impairment. Parallel scientific advice and regulatory-HTA cross-talk can facilitate alignment of regulatory and HTA evidence requirements when informed with data that provide evolving insight in regulatory decisions from the past.
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