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Even for products centrally approved, each European country is responsible for national market access after European Medicines Agency (EMA) approval. This step can result in inequalities in terms of access, due to different opinions about the therapeutic value assessed by Health Technology Assessment (HTA) bodies. This study aims to provide a comparative analysis of HTA recommendations issued by EU countries (France, Germany, and Italy) for new neurological drugs following EMA approval. In the reference period, we identified 11 innovative medicines authorized in Europe for five neurological diseases (cerebral adrenoleukodystrophy, spinal muscular atrophy, metachromatic leukodystrophy, migraine, and polyneuropathy in patients with hereditary transthyretin amyloidosis), including eight drugs for genetic rare diseases. We found no agreement on the therapeutic value (in particular the “added value” compared to the standard of care) of the selected drugs. Despite the differences in terms of assessment, the access has been usually guaranteed even if with various types of limitations. The heterogeneity of the HTA assessment of clinical data among countries is probably related to the uncertainties about clinical value at the time of EMA approval and the lack of long-term data and of direct comparison with available alternatives. Given the importance of new medicines especially for rare diseases, it is crucial to understand and act on the causes of inconsistency among the HTA assessments, in order to ensure rapid and uniform access to innovation for patients who can benefit.
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INTRODUCTION


According to recent data, neurology represents one of the therapeutic areas with the greatest number of development projects, perhaps reflecting scientific advances in the understanding of the basis of these diseases useful for potential novel intervention (Pankevich et al., 2014). Neurological conditions historically have been among the most difficult for which to develop effective and safe new therapies, due to the complexity in physiopathology and clinical presentation, and curative treatments for important diseases, such as neurodegenerative diseases, are still lacking (EC, 2020).

Actually, this is one of the most challenging therapeutic field in terms of likelihood of drug approval, with the longest time for review and recommendation (Arneric et al., 2018; Gribkoff and Kaczmarek, 2017; National Academies of Sciences, Engineering, and Medicine, 2016; O'Donnell et al., 2019).

A new drug (and/or an old drug for new indications) requires the authorization from a regulatory authority to be marketed (van Nooten et al., 2012; Gozzo et al., 2020a; Drago et al., 2020; Gozzo et al., 2021a; Toro et al., 2021). Moreover, price and reimbursement procedures need to be performed by competent authorities to find an agreement between companies and payers for market access (Gozzo et al., 2021a).

Today, in accordance with regulation 726/2004, in order to be marketed in the EU, the great majority of new, innovative medicines pass through a centralized procedure, which is compulsory for human medicines containing a new active substance to treat a lot of diseases, including neurodegenerative and rare diseases, for advanced-therapy medicinal products (ATMPs), and medicines derived from biotechnology processes in general (COMMUNITIES TCOTE, 1993; Regulation EC, 2004).

According to this procedure, the company submits a single marketing authorization (MA) dossier to the European Medicines Agency (EMA), and a MA for all the European Economic Area will be granted if the drug’s benefit–risk profile is positive according to the quality non-clinical and clinical data on safety and efficacy submitted by the applicant.

The aim of the centralized procedure is to enable rapid, EU-wide authorization of medicinal products (EMA, 2020a; Gozzo et al., 2020b; Gozzo et al., 2020c).

Despite the successful unification of the European procedures for drug approval, each country is responsible for national market access and pricing and reimbursement agreements, in line with national health needs and resources. This can result in access inequalities among European countries, due to differences not only in terms of willingness to pay but also in the recognition of drug therapeutic value (Ciani and Jommi, 2014; Gozzo et al., 2016; Akehurst et al., 2017; Allen et al., 2017). Indeed, in recent years, MA requests are submitted at earlier stages of development, especially for high-unmet medical need and/or rare diseases, before conclusive data are available, thus potentially leading to reduced quality of evidence and to uncertainty in terms of therapeutic value (Akehurst et al., 2017; Richardson and Schlander, 2019; Jommi et al., 2020; Brancati et al., 2021a; Brancati et al., 2021b).

The big challenge for policy makers is ensuring equitable access to medicines, balancing a timely patient access with the health system sustainability, in the era of precision medicines and advanced high-cost therapies (Drummond et al., 2008). The selection of medicines to be reimbursed is usually made by national Health Technology Assessment (HTA) bodies, based on cost-effectiveness, added value, and therapeutic need in the context of local standard of care (van Nooten et al., 2012; Angelis et al., 2018; Gozzo et al., 2021b).

In 2020, the EMA issued 78 positive opinions for new active substances (NASs), including eight medicines recommended for approval in the therapeutic area of neurology (10%) (EMA, 2020a).

This study aims to provide a review of the current evidence about innovative drugs for neurological diseases approved by the EMA in recent years and to perform a comparative analysis of HTA recommendations issued by EU countries for national pricing and reimbursement decisions.




METHODS


The study included the following steps:

1) Identification of new therapies with neurological indications approved in Europe between January 2011 and July 2021 listed on the registry published on the official EMA website (EMA, 2021a); we selected medicines of interest based on the Anatomical Therapeutic Chemical Classification (ATC) code N (NERVOUS SYSTEM, excluding drugs with exclusive psychiatric indication—ICD-10-CM Codes F01-F99) and M09 (OTHER DRUGS FOR DISORDERS OF THE MUSCULO-SKELETAL SYSTEM, to include drugs for neuromuscular disorders); generics and biosimilars were excluded, as well as those not representing a potential disease-modifying therapy (e.g., me-too drugs, namely, drugs structurally related to a first-in-class compound, belonging to the same therapeutic class, and used for the same therapeutic purposes);

2) Identification of the HTA assessments of drugs currently approved in Europe by the EMA performed by EU national authorities (France, Germany, and Italy); selection of countries was based on the availability of assessments for public consultation and on the clear definition of therapeutic values through comparable rating scales;

3) Comparative analysis of national opinions; available HTA reports and official administrative act of the three EU countries have been analyzed to compare the assessments.

Medicines centrally approved by the EMA have been identified by consulting the agency’s official documents and classified by type (e.g., gene therapy, small molecule, and monoclonal antibody), according to the orphan drug designation, and by type of authorization issued by the EMA (full, conditional, and for exceptional circumstances).

For each medicine, pivotal clinical trials were reviewed, analyzing the study design, the number of patients enrolled, the primary and secondary outcomes, and the main study results.

The level of clinical benefit (Service Médical Rendu—SMR) and the added therapeutic value compared to the available therapeutic alternatives (Amélioration du Service Médical Rendu—ASMR) was extracted from the official HTA documentation resulting from the assessment of the Transparency Committee (TC) of the French National Authority (Haute Autorité de santé—HAS) (SantèH-HAd, 2013; SantèH-HAd, 2014).

As regards Germany, we consulted the reports of the competent national bodies (Federal Joint Committee or Gemeinsamer Bundesausschuss, G-BA, and Institute for Quality and Efficiency in Health Care, IQWIG) containing a complete HTA on the additional therapeutic benefit of the product compared to recognized standard therapies (BundesausschussG-BG, 2010).

Finally, we identified the therapeutic need, the added therapeutic value, and the quality of the evidence from the Innovation Assessment Reports published by the Italian Medicines Agency (AIFA) (AIFADETERMINA DELL’AGENZIA ITALIANA DEL FARMACO, 2017). A direct comparison among national opinions was possible in terms of “added therapeutic value,” a measure included in all the available assessments (Supplementary Figure S1).




RESULTS


In the reference period, we identified 11 innovative medicines authorized in Europe (three gene therapies, two small molecules, three monoclonal antibodies, two antisense oligonucleotides, and one small interfering ribonucleic acid) for five for neurological diseases (cerebral adrenoleukodystrophy, spinal muscular atrophy, metachromatic leukodystrophy, migraine, and polyneuropathy in patients with hereditary transthyretin amyloidosis; Supplementary Table S1 and Table 1). Eight out of 11 medicines received orphan designation, all for genetic rare diseases. Only ATMP Zolgensma® received a conditional approval, whereas Vindaqel® was the only one approved under exceptional circumstances (Table 1).





TABLE 1 | 
Innovative drugs with neurological indication approved in Europe in the reference period (2011–2021) and approval details.
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In general, for all drugs (excluding Evrysdi® and Libmeldy®), data from phase II/III trials are available, almost half randomized, double blind, placebo controlled (Table 2). The median number of patients enrolled in these studies was 118 (range 6–1,949), followed for a median of 14 months (range 0.8–96).





TABLE 2 | 
Data from clinical trials for innovative drugs approved in Europe in the reference period.
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Table 3 reports the reimbursement status of the selected drugs. Except for the latest approved by the EMA (Skysona® and Libmeldy®), all drugs are reimbursed in the three EU countries.





TABLE 3 | 
Reimbursement status in France, Germany, and Italy of neurological drugs approved by the EMA (x = reimbursed; / = not reimbursed or final opinion not available).
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Data analysis showed that for 10/11 medicines, at least one public HTA evaluation from at least one of the three selected countries is available, and for six of these products, HTA reports have been published by all the three countries (Table 4). At the time of the analysis, no opinion has been published for Skysona®, the last medicine approved by the EMA. The highest score (important/considerable or major/maximum added value) has been recognized only by Italy (3/11, 27%; Zolgensma®, Onpattro®, and Spinraza®) and Germany (5/11, 45%; antibody for migraine, Onpattro® and Spinraza®).





TABLE 4 | 
Agreement among opinions about therapeutic added value issued by member states.
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No agreements among the three EU states’ assessments were identified. German assessment was in accordance with the Italian one for Onpattro® and Spinraza®, with the French one for Tegsedi®, and at least in part for Zolgesma® and the three monoclonal antibodies for migraine.




DISCUSSION


In this study, we selected medicines recently approved by the EMA, which represent potential innovative treatment for neurological diseases, including gene therapies for rare genetic unmet medical needs.

Advanced therapies may provide significant health benefits generally with a single administration, allowing to act on the primary cause of a disease with the possibility of complete recovery and improvement of patient outcome potentially over the long term (Gozzo et al., 2021a).

Our results showed a lack of agreement on the therapeutic value (in particular the “added value”) of drugs recently approved for neurological indications in Europe. Despite the differences in terms of assessment, the access has been guaranteed in the three countries even if with various type of limitations.

Overall, the assessments issued by the German authorities were particularly positive, since the added therapeutic value has been classified as “major” or “considerable” in five cases out of 11 (45%), corresponding to five over nine drugs for which the evaluation has been made public (55%). Similarly, the AIFA granted the therapeutic value “important” for three drugs (3/11, 27%; 3/6 drugs for which the assessment has been made public to date, 50%), in particular in the case of treatments for spinal muscular atrophy (SMA) (Zolgensma® and Spinraza®) and of one treatment for hereditary transthyretin-mediated amyloidosis (hATTR) (Onpattro®). The Italian and German assessments were in accordance only for Spinraza® and Onpattro®. No drugs were judged to have a “major” or “important” added value according to HAS.

The quality of evidence supporting drug approval is undoubtedly a key point of the HTA process. Even if almost half of the studies are well-designed randomized, double-blind, placebo-controlled trials, it is noteworthy that no direct comparisons among the selected drugs with the same indication are available. This is one of the major issues for the HTA process management, especially with medicines approved earlier and earlier, since the lack of clear and robust evidence determines uncertainty about their therapeutic value and place in therapy.

In general, a direct comparison among drugs has been considered necessary for an adequate assessment of the additional benefit in Germany. For example, the G-BA considered the additional benefit of the ATMP Zolgensma® not proven, due to the lack of direct comparison with the available alternative nusinersen, and due to the limited clinical data available so far. Therefore, the German G-BA for the first time recommended to collect real-world evidence about Zolgensma® and Spinraza® through a registry study in order to close this evidence gap (Gozzo et al., 2021a; BundesausschussG-BG, 2021). Moreover, even for the third molecule approved for SMA, risdiplam, the G-BA concluded that no meaningful results are currently available, due to the lack of direct comparative data versus existing appropriate therapeutic alternatives, and recommended to collect data within the routine practice in order to improve the evidence for the benefit assessment.

Similarly, the French institutions considered that the lack of a direct comparison in clinical trials did not allow to clearly define the place in therapy of medicines for SMA (SantèH-HAd, 2020). However, in the absence of comparative data, in type 1 SMA and in pre-symptomatic patients with up to three copies of the SMN2 gene, HAS considers Spinraza® and Zolgensma® as first-line treatments; Evrysdi® can be used as first line in symptomatic patients with type 1 SMA, but has no place in pre-symptomatic setting. The choice among these alternatives must be performed according to age, clinical status, comorbidities, different route of administration, and family choice. For example, the daily oral administration of risdiplam may be an attractive option compared to the other available modalities of administration but may not be suitable for the youngest children due to treatment compliance.

In type 2 SMA, Spinraza® and Evrysdi® are the treatment to be preferred, while in type 3, they represent the only therapeutic option.

On the contrary, the Italian agency explicitly accepted the possibility of having low-quality evidence in the case of rare and ultra-rare diseases (AIFADETERMINA DELL’AGENZIA ITALIANA DEL FARMACO, 2017), including the lack of a direct comparison with available alternatives. Indeed, in the case of Zolgensma®, the experts of the Italian Commission considered “important” the added value compared to the antisense oligonucleotide nusinersen (AIFA, 2021a), even with the limitations of the indirect comparison. Nevertheless, its use has been limited to a restricted population, specifically only in patients weighing up to 13.5 kg with clinical diagnosis of type 1 SMA and onset of symptoms during the first 6 months of life or with genetic diagnosis of SMA type 1 and up to two copies of the SMN2 gene. Indeed, this subpopulation has been identified as the one with the greatest benefit and eligible to be reimbursed.

As regards to the monoclonal antibodies approved for migraine, the regulatory authorities of the three countries were in accordance with a low or no clinical added value in the management of the disease. In addition, the German institution delivered an opinion of “hint for a considerable additional benefit” of monoclonal antibodies compared to best supportive care (BSC), such as psychotherapy or relaxation techniques, only in adults who have at least four migraine days/month and for whom other substances used for prophylaxis (metoprolol, propranolol, flunarizine, topiramate, amitriptyline, valproic acid, or Clostridium botulinum toxin type A) have failed or have not been an option and BSC is the only treatment option.

Thus, limitations for the prescription of these drugs have been introduced, different among countries despite the overall agreement about the lack of added value.

A favorable opinion for reimbursement has been issued in France only in adults with severe migraine who have at least eight migraine days per month, after failure of at least two prophylactic treatments and without cardiovascular disease.

In Italy, the prescription can be performed according to the criteria of the AIFA Registry, in particular for adults with at least 8 days of disabling migraine per month in the last 3 months and with insufficient response after at least 6 weeks of treatment or being intolerant or having clear contraindications to at least three classes of prophylaxis migraine drugs.

According to the decision of the German GBA, a prescription is possible in patients with episodic migraine if at least 5 substances from the available pharmacological groups (beta-blockers, flunarizine, topiramate, valproic acid or amitriptyline) were not effective, not tolerated, or contraindicated (Hacke, 2020).

The variability in terms of regulatory decisions determining different patients access is probably related to the uncertainties about clinical value, the lack of long-term data and the demonstration of the superiority only versus placebo, as well as other non-clinical variables such as treatment cost.

In conclusion, the HTA process is a critical point for the assessment of drug value and patient access. Universally recognized clinical criteria for HTA recommendations include unmet medical needs, relative effectiveness, and safety of the new product compared to the available standard of care (van Nooten et al., 2012). The therapeutic added value versus available treatments should be one of the key determinants of patients access to innovative medicines. However, while relying on the evaluation of the same studies, a heterogeneity of the HTA assessment of clinical data has been observed among countries (Gozzo et al., 2021a). This heterogeneity, even beyond added value, does not necessarily translate into different reimbursement decisions, but often determines different eligibility criteria for patient treatment.

Given the importance of new medicines especially for rare and serious unmet needs, it is crucial to understand and act on the causes of inconsistency among the HTA assessments, in order to ensure rapid and uniform access to innovation for patients who can benefit.

In this context, the proposal for a regulation of the European Parliament and of the Council on health technology assessment amending the Directive 2011/24/EU drafted in 2018 and modified in 2021 aims to ensure a permanent cooperation on HTA at the EU level, sharing joint clinical assessments, joint scientific consultations, horizon scanning, and voluntary cooperation in non-clinical areas (European Commission and Directorate-General for Health and Food Safety, 2021). The adoption of this new regulation on HTA would be useful to harmonize HTA methodologies, hopefully leading to reduced disparities of medicine assessment among European countries.




DATA AVAILABILITY STATEMENT


The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.




AUTHOR CONTRIBUTIONS


LG wrote the first draft of the manuscript. FD checked and revised the draft manuscript. All authors contributed to the article and approved the submitted version.




FUNDING


GR was supported by the PON AIM R&I 2014-2020-E66C18001260007.




PUBLISHER’S NOTE


All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.




SUPPLEMENTARY MATERIAL


The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2021.823199/full#supplementary-material





REFERENCES



 AIFA (2021a). DETERMINA 10 febbraio 2021 Rinegoziazione del medicinale per uso umano «Spinraza» ai sensi dell'articolo 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. DG/183/2021). (21A01038) (GU Serie Generale n.43 del 20-02-2021). Available at: https://www.gazzettaufficiale.it/eli/id/2021/02/20/21A01038/sg (Accessed on September, 2021). 


 AIFA (2021b). DETERMINA 10 luglio 2020 Riclassificazione del medicinale per uso umano «Aimovig», ai sensi dell'articolo 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. DG/728/2020). (20A03784) (GU Serie Generale n.182 del 21-07-2020). Available at: https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2020-07-21&atto.codiceRedazionale=20A03784&elenco30giorni=false (Accessed on September, 2021). 


 AIFA (2021c). DETERMINA 10 luglio 2020 Riclassificazione del medicinale per uso umano «Ajovy», ai sensi dell'articolo 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. DG/730/2020). (20A03783) (GU Serie Generale n.182 del 21-07-2020). Available at: https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2020-07-21&atto.codiceRedazionale=20A03783&elenco30giorni=false (Accessed on September, 2021). 


 AIFA. (2021d). DETERMINA 10 luglio 2020 Riclassificazione del medicinale per uso umano «Emgality», ai sensi dell'articolo 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. DG/732/2020). (20A03782) (GU Serie Generale n.182 del 21-07-2020). Available at: https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2020-07-21&atto.codiceRedazionale=20A03782&elenco30giorni=false#:∼:text=Indicazioni%20terapeutiche%20oggetto%20della%20negoziazione,giorni%20di%20emicrania%20al%20mese. Accessed on September 2021. 2021. 


 AIFA (2021e). DETERMINA 10 marzo 2021 Regime di rimborsabilita' e prezzo del medicinale per uso umano «Zolgensma». (Determina n. DG/277/2021). (21A01554) (GU Serie Generale n.62 del 13-03-2021). Available at: https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2021-03-13&atto.codiceRedazionale=21A01554&elenco30giorni=false (Accessed on September, 2021). 


 AIFA (2021f). DETERMINA 15 gennaio 2020 Regime di rimborsabilita' e prezzo di vendita del medicinale per uso umano «Onpattro». (Determina n. 77/2020). (20A00545) (GU Serie Generale n.24 del 30-01-2020). Available at: https://www.gazzettaufficiale.it/atto/serie_generale/caricaDettaglioAtto/originario?atto.dataPubblicazioneGazzetta=2020-01-30&atto.codiceRedazionale=20A00545&elenco30giorni=false (Accessed on September, 2021). 


 AIFA (2021g). DETERMINA 15 maggio 2020 Riclassificazione del medicinale per uso umano «Tegsedi», ai sensi dell'articolo 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. DG/607/2020). (20A02758) (GU Serie Generale n.135 del 27-05-2020). Available at: https://www.gazzettaufficiale.it/eli/id/2020/05/27/20A02758/sg (Accessed on September, 2021). 


 AIFA (2021h). DETERMINA 26 novembre 2014 Riclassificazione del medicinale per uso umano «Vyndaqel (tafamidis)» ai sensi dell'art. 8, comma 10, della legge 24 dicembre 1993, n. 537. (Determina n. 1389/2014). (14A09423) (GU Serie Generale n.286 del 10-12-2014). Available at: https://www.gazzettaufficiale.it/eli/id/2014/12/10/14A09423/sg (Accessed on September, 2021). 


 AIFA (2021i). Farmaci a Uso Compassionevole. Evrysdi. Available at: https://www.aifa.gov.it/en/farmaci-a-uso-compassionevole (Accessed on October, 2021). 


 AIFA (2021j). Innovatività Aimovig. Available at: https://www.aifa.gov.it/documents/20142/1220805/AIMOVIG_13821_INNOV._v.1.0.pdf (Accessed on September, 2021). 


 AIFA (2021k). Innovatività Ajovy. Available at: https://www.aifa.gov.it/documents/20142/1220805/AJOVY_14435_INNOV._v.1.0.pdf (Accessed on September, 2021). 


 AIFA (2021L). Innovatività Emagality. Available at: https://www.aifa.gov.it/documents/20142/1220805/EMGALITY_14320_INNOV._v.1.0.pdf (Accessed on September, 2021). 


 AIFA (2021m). Innovatività Onpattro. Available at: https://www.aifa.gov.it/documents/20142/1184740/ONPATTRO_13833_INNOV._v.1.0.pdf (Accessed on September, 2021). 


 AIFA (2021n). Innovatività Spinraza. Available at: https://www.aifa.gov.it/sites/default/files/6-Spinraza_v1.0.pdf (Accessed on September, 2021). 


 AIFA (2021o). Innovatività Zolgensma. Available at: https://www.aifa.gov.it/documents/20142/1504529/117_Zolgensma_scheda_innovativit%C3%A0_GRADE.pdf (Accessed on September, 2021). 


 AIFA (2021p). Report innovatività Zolgensma. Det. n. 277 del 10/03/2021 GU Serie Generale n. 62 del 13/03/2021. Available at: https://www.aifa.gov.it/farmaci-innovativi (Accessed on April, 2021). 


 AIFADETERMINA DELL’AGENZIA ITALIANA DEL FARMACO (2017). Criteri per la classificazione dei farmaci innovativi e dei farmaci oncologici innovativi ai sensi dell’articolo 1, comma 402, della legge 11 dicembre 2016, 232. 31 MARZO 2017(Determina n. 519/2017). (2017). 


 Akehurst, R. L., Abadie, E., Renaudin, N., and Sarkozy, F. (2017). Variation in Health Technology Assessment and Reimbursement Processes in Europe. Value Health 20 (1), 67–76. doi:10.1016/j.jval.2016.08.725



 Allen, N., Liberti, L., Walker, S. R., and Salek, S. (2017). A Comparison of Reimbursement Recommendations by European HTA Agencies: Is There Opportunity for Further Alignment. Front. Pharmacol. 8, 384. doi:10.3389/fphar.2017.00384



 Angelis, A., Lange, A., and Kanavos, P. (2018). Using Health Technology Assessment to Assess the Value of New Medicines: Results of a Systematic Review and Expert Consultation across Eight European Countries. Eur. J. Health Econ. 19 (1), 123–152. doi:10.1007/s10198-017-0871-0



 Arneric, S. P., Kern, V. D., and Stephenson, D. T. (2018). Regulatory-accepted Drug Development Tools Are Needed to Accelerate Innovative CNS Disease Treatments. Biochem. Pharmacol. 151, 291–306. doi:10.1016/j.bcp.2018.01.043



 Brancati, S., Gozzo, L., Longo, L., Vitale, D. C., and Drago, F. (2021a). Rituximab in Multiple Sclerosis: Are We Ready for Regulatory Approval. Front. Immunol. 12, 661882. doi:10.3389/fimmu.2021.661882



 Brancati, S., Gozzo, L., Longo, L., Vitale, D. C., Russo, G., and Drago, F. (2021b). Fertility Preservation in Female Pediatric Patients with Cancer: A Clinical and Regulatory Issue. Front. Oncol. 11, 641450. doi:10.3389/fonc.2021.641450



 Breccia, M., Celant, S., Olimpieri, P. P., Olimpieri, O. M., Pane, F., Iurlo, A., et al. (2021). Mortality Rate in Patients with Chronic Myeloid Leukemia in Chronic Phase Treated with Frontline Second Generation Tyrosine Kinase Inhibitors: a Retrospective Analysis by the Monitoring Registries of the Italian Medicines Agency (AIFA). Ann. Hematol. 100 (2), 481–485. doi:10.1007/s00277-021-04406-1



 Breccia, M., Olimpieri, P. P., Olimpieri, O., Pane, F., Iurlo, A., Foggi, P., et al. (2020). How many Chronic Myeloid Leukemia Patients Who Started a Frontline Second-Generation Tyrosine Kinase Inhibitor Have to Switch to a Second-Line Treatment? A Retrospective Analysis from the Monitoring Registries of the Italian Medicines agency (AIFA). Cancer Med. 9 (12), 4160–4165. doi:10.1002/cam4.3071



 Bucolo, C., Musumeci, M., Salomone, S., Romano, G. L., Leggio, G. M., Gagliano, C., et al. (2015). Effects of Topical Fucosyl-Lactose, a Milk Oligosaccharide, on Dry Eye Model: An Example of Nutraceutical Candidate. Front. Pharmacol. 6, 280. doi:10.3389/fphar.2015.00280



 Bundesausschuss G-Bg (2021). Resolution of the Federal Joint Committee (G-BA) on the Amendment of the Pharmaceuticals Directive (AM-RL): Onasemnogene Abeparvovec (Spinal Muscular Atrophy); Requirement of Routine Data Collection and Evaluations. Available at: https://www.g-ba.de/downloads/39-1464-4702/2021-02-04_AM-RL-XII_Onasemnogen-Abeparvovec_AADCE_EN.pdf (Accessed on March, 2021). 


 Bundesausschuss G-Bg (2010). The Benefit Assessment of Medicinal Products in Accordance with the German Social Code, Book Five (SGB V), Section 35a. Available at: https://www.g-ba.de/english/benefitassessment/(Accessed on March, 2021). 


 Ciani, O., and Jommi, C. (2014). The Role of Health Technology Assessment Bodies in Shaping Drug Development. Drug Des. Devel Ther. 8, 2273–2281. doi:10.2147/DDDT.S49935



 COMMUNITIES TCOTE (1993). Council Regulation (EEC) No 2309/93 of 22 July 1993 Laying Down Community Procedures for the Authorization and Supervision of Medicinal Products for Human and Veterinary Use and Establishing a European Agency for the Evaluation of Medicinal Products. 


 Drago, F., Gozzo, L., Li, L., Stella, A., and Cosmi, B. (2020). Use of Enoxaparin to Counteract COVID-19 Infection and Reduce Thromboembolic Venous Complications: A Review of the Current Evidence. Front. Pharmacol. 11, 579886. doi:10.3389/fphar.2020.579886



 Drummond, M. F., Schwartz, J. S., Jönsson, B., Luce, B. R., Neumann, P. J., Siebert, U., et al. (2008). Key Principles for the Improved Conduct of Health Technology Assessments for Resource Allocation Decisions. Int. J. Technol. Assess. Health Care 24 (3), 244–248. ; discussion 362-8. doi:10.1017/S0266462308080343



 EC (2020). COMMUNICATION from the COMMISSION to the EUROPEAN PARLIAMENT, the COUNCIL, the EUROPEAN ECONOMIC and SOCIAL COMMITTEE and the COMMITTEE of the REGIONS Pharmaceutical Strategy for Europe COM/2020/761 Final. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0761 (Accessed on November, 2021). 


 EMA (2020a). ANNUAL REPORT 2020. Available at: https://www.ema.europa.eu/en/documents/annual-report/2020-annual-report-european-medicines-agency_en.pdf (Accessed on November 2021). 


 EMA (2021a). Assessment Report Onpattro. Available at: https://www.ema.europa.eu/en/search/search?search_api_views_fulltext=Onpattro (Accessed on September, 2021). 


 EMA (2021b). Assessment Report Ajovy. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/ajovy (Accessed on September, 2021). 


 EMA (2021c). Assessment Report Emgality. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/emgality (Accessed on September, 2021). 


 EMA (2021d). Assessment Report Evrysdi. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/evrysdi (Accessed on September, 2021). 


 EMA (2021e). Assessment Report Libmeldy. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/libmeldy (Accessed on September, 2021). 


 EMA (2021f). Assessment Report Skysona. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/skysona (Accessed on September, 2021). 


 EMA (2021g). Assessment Report Spinraza. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/spinraza (Accessed on September, 2021). 


 EMA (2021h). Assessment Report Tegsedi. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/tegsedi (Accessed on September, 2021). 


 EMA (2021i). Assessment Report Vyndaqel. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/vyndaqel (Accessed on September, 2021). 


 EMA (2020b). Assessment Report Zolgensma. Available at: https://www.ema.europa.eu/en/documents/assessment-report/zolgensma-epar-public-assessment-report_en.pdf (Accessed on March, 2021). 


 EMA (2021j). Assessment Report Aimovig. Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/aimovig (Accessed on September, 2021). 


 EMA (2021k). Table of All EPARs for Human and Veterinary Medicines. Available at: https://www.ema.europa.eu/en/medicines/download-medicine-data (Accessed on September, 2021). 


 European Commission, Directorate-General for Health and Food Safety (2021). Proposal for a Regulation of the European Parliament and of the Council on Health Technology Assessment and Amending Directive 2011/24/EU - Partial Mandate for Negotiations with the European Parliament. 24 March 2021. 


 Fisichella, V., Giurdanella, G., Platania, C. B., Romano, G. L., Leggio, G. M., Salomone, S., et al. (2016). TGF-β1 Prevents Rat Retinal Insult Induced by Amyloid-β (1-42) Oligomers. Eur. J. Pharmacol. 787, 72–77. doi:10.1016/j.ejphar.2016.02.002



 G-BA (2021a). Nutzenbewertungsverfahren Zum Wirkstoff Erenumab. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/679/(Accessed on October, 2021). 


 G-BA (2021b). Nutzenbewertungsverfahren Zum Wirkstoff Fremanezumab. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/462/(Accessed on September, 2021). 


 G-BA (2021c). Nutzenbewertungsverfahren Zum Wirkstoff Galcanezumab. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/450/(Accessed on September, 2021). 


 G-BA (2021d). Nutzenbewertungsverfahren Zum Wirkstoff Inotersen. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/390/(Accessed on September, 2021). 


 G-BA (2021e). Nutzenbewertungsverfahren Zum Wirkstoff Nusinersen. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/625/#english (Accessed on September, 2021). 


 G-BA (2021f). Nutzenbewertungsverfahren Zum Wirkstoff Onasemnogen-Abeparvovec. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/689/(Accessed on November, 2021). 


 G-BA (2021g). Nutzenbewertungsverfahren Zum Wirkstoff Patisiran. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/389/(Accessed on September, 2021). 


 G-BA (2021h). Nutzenbewertungsverfahren Zum Wirkstoff Risdiplam. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/680/#english (Accessed on October, 2021). 


 G-BA (2021i). Nutzenbewertungsverfahren Zum Wirkstoff Tafamidis. Available at: https://www.g-ba.de/bewertungsverfahren/nutzenbewertung/621/(Accessed on September, 2021). 


 Gozzo, L., Di Lenarda, A., Mammarella, F., Olimpieri, P. P., Cirilli, A., Cuomo, M., et al. (2021). Starting Dose and Dose Adjustment of Non-vitamin K Antagonist Oral Anticoagulation Agents in a Nationwide Cohort of Patients with Atrial Fibrillation. Sci. Rep. 11 (1), 20689. doi:10.1038/s41598-021-99818-4



 Gozzo, L., Longo, L., Vitale, D. C., and Drago, F. (2020). Dexamethasone Treatment for Covid-19, a Curious Precedent Highlighting a Regulatory Gap. Front. Pharmacol. 11, 621934. doi:10.3389/fphar.2020.621934



 Gozzo, L., Longo, L., Vitale, D. C., and Drago, F. (2020). The Regulatory Challenges for Drug Repurposing during the Covid-19 Pandemic: The Italian Experience. Front. Pharmacol. 11, 588132. doi:10.3389/fphar.2020.588132



 Gozzo, L., Navarria, A., Benfatto, G., Longo, L., Mansueto, S., Sottosanti, L., et al. (2017). Safety of Antiplatelet Agents: Analysis of 'Real-World' Data from the Italian National Pharmacovigilance Network. Clin. Drug Investig. 37 (11), 1067–1081. doi:10.1007/s40261-017-0566-4



 Gozzo, L., Navarria, A., Drago, V., Longo, L., Mansueto, S., Pignataro, G., et al. (2016). Linking the Price of Cancer Drug Treatments to Their Clinical Value. Clin. Drug Investig. 36 (7), 579–589. doi:10.1007/s40261-016-0403-1



 Gozzo, L., Romano, G. L., Romano, F., Brancati, S., Longo, L., Vitale, D. C., et al. (2021). Health Technology Assessment of Advanced Therapy Medicinal Products: Comparison Among 3 European Countries. Front. Pharmacol. 12, 755052. doi:10.3389/fphar.2021.755052



 Gozzo, L., Vetro, C., Brancati, S., Longo, L., Vitale, D. C., Romano, G. L., et al. (2021). Off-Label Use of Venetoclax in Patients with Acute Myeloid Leukemia: Single Center Experience and Data from Pharmacovigilance Database. Front. Pharmacol. 12 (3212), 748766. doi:10.3389/fphar.2021.748766



 Gozzo, L., Viale, P., Longo, L., Vitale, D. C., and Drago, F. (2020). The Potential Role of Heparin in Patients with COVID-19: Beyond the Anticoagulant Effect. A Review. Front. Pharmacol. 11, 1307. doi:10.3389/fphar.2020.01307



 Gribkoff, V. K., and Kaczmarek, L. K. (2017). The Need for New Approaches in CNS Drug Discovery: Why Drugs Have Failed, and what Can Be Done to Improve Outcomes. Neuropharmacology 120, 11–19. doi:10.1016/j.neuropharm.2016.03.021



 Hacke, W. (2020). Neurological Research and Practice: the First Year. Neurol. Res. Pract. 2, 5. doi:10.1186/s42466-020-0054-9



 HAS (2021a). AVIS SUR LES MÉDICAMENTS - Mis en ligne le 23 sept. 2020. AJOVY. Available at: https://www.has-sante.fr/jcms/p_3202357/fr/ajovy-fremanezumab (Accessed on September, 2021). 


 HAS (2021b). AVIS SUR LES MÉDICAMENTS - Mis en ligne le 29 oct. 2021. ZOLGENSMA. Available at: https://www.has-sante.fr/jcms/p_3291799/fr/zolgensma-2-x-10-13-genomes-du-vecteur/ml-onasemnogene-abeparvovec (Accessed on October, 2021). 


 HAS (2021c). AVIS SUR LES MÉDICAMENTS - Mis en ligne le 30 avr. 2021. LIBMELDY. Available at: https://www.has-sante.fr/jcms/p_3263243/fr/libmeldy-population-autologue-enrichie-en-cellules-cd34-qui-contient-des-cellules-souches-progenitrices-hematopoietiques-transduites-ex-vivo-avec-un-vecteur-lentiviral-codant-le-gene-de-l-arylsulfatase-a-humaine (Accessed on September, 2021). 


 HAS (2021d). AVIS SUR LES MÉDICAMENTS - Mis en ligne le 30 sept. 2021. EVRYSDI. Available at: https://www.has-sante.fr/jcms/p_3289078/fr/evrysdi-0-75-mg/ml-risdiplam (Accessed on September, 2021). 


 HAS (2021e). MÉDICAMENT - Mis en ligne le 02 sept. 2020. SPINRAZA. Available at: https://www.has-sante.fr/jcms/pprd_2983397/fr/spinraza-nusinersen (Accessed on September, 2021). 


 HAS (2021f). MÉDICAMENT - Mis en ligne le 16 oct. 2019. AIMOVIG. Available at: https://www.has-sante.fr/jcms/pprd_2982839/fr/aimovig-erenumab (Accessed on September, 2021). 


 HAS (2021g). MÉDICAMENT - Mis en ligne le 16 oct. 2020. VYNDAQEL. Available at: https://www.has-sante.fr/jcms/pprd_2985026/fr/vyndaqel-tafamidis (Accessed on September, 2021). 


 HAS (2021h). MÉDICAMENT - Mis en ligne le 22 janv. 2020. ONPATTRO. Available at: https://www.has-sante.fr/jcms/pprd_2982827/fr/onpattro-patisiran (Accessed on September, 2021). 


 HAS (2021i). MÉDICAMENT - Mis en ligne le 29 juin 2020. EMGALITY. Available at: https://www.has-sante.fr/jcms/p_3191590/fr/emgality-galcanezumab (Accessed on September, 2021). 


 HAS (2021j). MÉDICAMENT - Mis en ligne le 30 sept. 2019. TEGSEDI. Available at: https://www.has-sante.fr/jcms/pprd_2982780/fr/tegsedi-inotersen (Accessed on September, 2021). 


 Jommi, C., Armeni, P., Costa, F., Bertolani, A., and Otto, M. (2020). Implementation of Value-Based Pricing for Medicines. Clin. Ther. 42 (1), 15–24. doi:10.1016/j.clinthera.2019.11.006



 National Academies of Sciences, Engineering, and Medicine (2016). Neuroscience Trials of the Future: Proceedings of a Workshop. Washington (DC): The National Academies Press. doi:10.17226/23502



 O'Donnell, P., Rosen, L., Alexander, R., Murthy, V., Davies, C. H., and Ratti, E. (2019). Strategies to Address Challenges in Neuroscience Drug Discovery and Development. Int. J. Neuropsychopharmacol. 22 (7), 445–448. doi:10.1093/ijnp/pyz027



 Olimpieri, P. P., Di Lenarda, A., Mammarella, F., Gozzo, L., Cirilli, A., Cuomo, M., et al. (2020). Non-vitamin K Antagonist Oral Anticoagulation Agents in Patients with Atrial Fibrillation: Insights from Italian Monitoring Registries. Int. J. Cardiol. Heart Vasc. 26, 100465. doi:10.1016/j.ijcha.2019.100465



 Pankevich, D. E., Altevogt, B. M., Dunlop, J., Gage, F. H., and Hyman, S. E. (2014). Improving and Accelerating Drug Development for Nervous System Disorders. Neuron 84 (3), 546–553. doi:10.1016/j.neuron.2014.10.007



 Regulation EC (2004). Regulation (EC) No 726/2004 of the European Parliament and of the Council of 31 March 2004 Laying Down Community Procedures for the Authorisation and Supervision of Medicinal Products for Human and Veterinary Use and Establishing a European Medicines Agency (Text with EEA Relevance). 


 Richardson, J., and Schlander, M. (2019). Health Technology Assessment (HTA) and Economic Evaluation: Efficiency or Fairness First. J. Mark Access Health Pol. 7 (1), 1557981. doi:10.1080/20016689.2018.1557981



 Santè H-HAd (2013). Le service médical rendu (SMR) et l’amélioration du service médical rendu (ASMR). Available at: https://www.has-sante.fr/jcms/r_1506267/fr/le-service-medical-rendu-smr-et-l-amelioration-du-service-medical-rendu-asmr (Accessed on March, 2021). 


 Santè H-HAd (2014). Pricing & Reimbursement of Drugs and HTA Policies in France. Available at: https://www.has-sante.fr/upload/docs/application/pdf/2014-03/pricing_reimbursement_of_drugs_and_hta_policies_in_france.pdf (Accessed on March, 2021). 


 Santè H-HAd (2020). Zolgensma_16122020_AVIS_CT18743. Available at: https://www.has-sante.fr/upload/docs/evamed/CT-18743_ZOLGENSMA_PIC_INS_AvisDef_CT18743.pdf (Accessed on March, 2021). 


 Toro, M. D., Gozzo, L., Tracia, L., Cicciù, M., Drago, F., Bucolo, C., et al. (2021). New Therapeutic Perspectives in the Treatment of Uveal Melanoma: A Systematic Review. Biomedicines 9 (10), 1311. doi:10.3390/biomedicines9101311



 van Nooten, F., Holmstrom, S., Green, J., Wiklund, I., Odeyemi, I. A., and Wilcox, T. K. (2012). Health Economics and Outcomes Research within Drug Development: Challenges and Opportunities for Reimbursement and Market Access within Biopharma Research. Drug Discov. Today 17 (11-12), 615–622. doi:10.1016/j.drudis.2012.01.021




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Copyright © 2022 Gozzo, Romano, Brancati, Cicciù, Fiorillo, Longo, Vitale and Drago. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fphar-12-823199-t003.jpg
taly France Germany

Skysona® - - -

Evrysdi ® Compassionate use program (AIFA, 2021b) X (HAS, 20212) x (G-BA, 20212)

Liomeldy® - Authorization of early access (HAS, 2021b) -

Zolgensma® X (AIFA, 20210) x' (HAS, 2021¢) x (G-BA, 2021b)

Aoy © X (AIFA, 2021d) X" (HAS, 2021d) x (G-BA, 2021¢)
Recommended reimbursement rate: 30%

Emgalty ® X°© (AIFA, 2021€) X (HAS, 2021e) x (G-BA, 2021d)
Recommended reimbursement rate: 30%

Onpattro® X* (AIFA, 20211) x (HAS, 20211) x (G-BA, 2021e)
Recommended reimbursement rate: 65%

AImovig® X © (AIFA, 2021g) X" (HAS, 2021g) x (G-BA, 20211)
Recommended reimbursement rate: 30%

Tegsedi ® X* (AIFA, 2021h) x (HAS, 2021h) x (G-BA, 2021g)
Recommended reimbursement rate: 65%

Spinraza® X* (AIFA, 2021) X9 (HAS, 2021)) x (G-BA, 2021h)

Vyndagel © X* (AFA, 2021) X (HAS, 2021) X (G-BA, 2021)

Recommended reimbursement rate: 100%

“Eigibilty criteria defined in the AIFA Registry (Bucolo et al, 2015; Fisichelia et al, 2016; Gozzo et al, 2017; Breccia et al, 2020; Olimpieri et al, 2020; Breccia etal, 2021; Gozzo etal,
2021c).

"Stage 1 polyneuropathy in PATTR.

“Adlts with at least 8 days of disabling migraine per month in the last 8 months and with insuffcient response after at least 6 weeks of treatment or being intolerant or having clear
contraindications to at least three previous classes of prophylaxis migraine ofugs.

“Favorable opinion for reimbursement i the treatment of spinal amyotrophy 5q in patients aged 2 months and older with  ciinical diagnosis of SA, types 1, 2, and 3.

*Patients weighing up to 13.5 kg with clinical diagnosis of SMA type 1.and onset of symptoms in the first 6 months of e or with genetic diagnosis of SMA type 1 (bialleic mutation in the
SMN1 gene and up to two copies of the SMN2 gene).

‘Patients with spinal amyotrophy 54 (biallefic mutation of the SMIN1 gene), with a ciiical diagnosis of SMA types 1.and 2 or pre-symptomatic, having up to three copies of the SMN2 gene.
9Insufficient clnical benefit to justify reimbursement for 5q spinal muscular atrophy type IV.

"Favorable opinion for reimbursement in patients with severe migraine who have at least eight migraine days per month, with previous failure to at least two prophylactic treatments and
without cardlovascular disease [patients having hada myocardialinfarction, unstable angina, coronary artery bypass graft (CABG), percutaneous coronary intervention (PC) stroke, deep-
vein thrombosis (DVT), or other serious cardiovascular riskl





OPS/images/fphar-12-823199-t004.jpg
Italy France Germany

Skysona® - - -

Evrysdi® - I (HAS, 2021a) Hint of a non-quantifiable added benefit® (IV)/additional benefit not proven (VI° (G-BA, 2021a)
Libmeldy® - 11 (HAS, 2021b) -

Zolgensma®  Important (1) (AIFA, 2021k) 1IN (HAS, 2021c)  Additional benefit not proven (V) (G-BA, 2021b)

Ajovy @ Low (V) (AIFA, 2021L) V (HAS, 2021d) Additional benefit not proven® (V)/hint for a considerable additional benefit” (Il) (G-BA, 2021c)
Emgalty ® Low (V) (AIFA, 2021m) V (HAS, 2021¢) Additional benefit not proven? (V/hint for a considerable additional benefit” (I) (G-BA, 2021d)
Onpattro® Important (I) (AIFA, 2021n) Il (HAS, 20211) Considerable additional benefit (Il) (G-BA, 2021e)

Amovig® Low (V) (AIFA, 20210) V (HAS, 2021g) Additional benefit not proven? (V/h int for a considerable addtional benefit” (I) (G-BA, 20211)
Tegsedi © = IV (HAS, 2021h) Non-quantifiable (V) (G-BA, 2021g)

Spinraza® Important (I) (AIFA, 2021p) A7 Meajor additional benefit’ (1/Hint for a considerable additional benefit ' (i) (G-BA, 2021h)
Vyndaqel © - IV (HAS, 2021j) Additional benefit not proven™ (V) (G-BA, 2021i)

*SMA, 2, like nusinersen, and SMA, 3 patients, not moving.

“Infantile form (SMA, 1) versus nusinersen.

°SMA, 2 and 3, and pre-symptomatc.

“Asymptomatic chidren without clinical manifestation.

°SMA, 1, pre-symptomatic with a genetic diagnosis of SMA (biallelic mutation of the SMNT gene) and one to two copies of the SMN2 gene.

SMA, 2,pre-symptomatic patients with a genetic dliagnosis of SMA (iallefic mutation of the SMNT gene) and three copies of the SMN2 gene.

9Untreated adlult patients and patients who have responded inadequately to at least one prophylactic medication or are unable to tolerate or are unsuitable for at least one prophylactic
medication or patients who are not responsive to or are unsuitable to or do no tolerate the medlicinal therapies/active ingrediient classes metoprolol, propranolo, flunarizine, topiramate,
and amitriptyline.

"Patients who are not responsive to or unsuitable for or do not tolerate the medicinal therapies/active ingredients metoprolol, propranolol, flunarizine, topiramate, amitriptyiine, valproic
acid, or Clostridium botulinum toxin type A.

'5g-SMA, 1 versus BSC.

IPre-symptomatic chilren 5q-SMA, versus BSC.

“I, for SMA, 1 and 2 and pre-symptomatic infants and chidren with 5q SMA, with two-three copies of the SMN2 gene; V for SMA, 3.

‘assessment updated on May 2021.

massessment updated on May 2021’ comparing tafamidis to patisiran.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Access to Innovative Neurological Drugs in Europe: Alignment of Health Technology Assessments Among Three European Countries		Introduction

		Methods

		Results

		Discussion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Access to Innovative
Neurological Drugs in Europe:
Alignment of Health Technology
Assessments Among Three
European Countries





OPS/images/fphar-12-823199-t001.jpg
Active ATC Type ‘Therapeutic Conditional  Exceptional ~ Accelerated ~ Orphan  Marketing

substance code indication approval  circumstances  assessment medicine  authorisation
date
Skysona®  Elvakdogene No7 Gene Treatment of early cerebral adrenoleukodystrophy in No No No Yes 16/07/21
autotemcel replacement paients less than 18 years of age, with an ABCDT genetic
therapy mutation, and for whom a HLA-matched sbing HSC dorior
is not aviiable
Eysd®  Risdiplam MOAXIO  Small molecule  Treatment of 5a SMAin patients 2 months of age and okder,  No No Yes Yes 26108721

with a clinical diagnosis of SMA type 1, type 2, or type 3 or
with 1~4 SMN2 copies

Lomeiay®  Atidarsagene No7 Gene Treatment of MLD chasacterized by bialeic mutations nthe  No No Yes Yes 1712720
autotemoel replacement ARSA gene leading 10  recuction of the ARSA enzymatic
therapy actvty: in chiren withlte infantie or earlyjuvenile forms,

without ciical manifestations of the disease, and in chidren
with the early juvenie form and with early cinical
manifestations of the disease, who stil have the abilty to
walkindependently and before the onset of cogntive dedine:

Zolgensma®  Onasernogene MO9AX09  Gene Treatment of patients ith 50 SMA with abialelic mutationin ~ Yes No No Yes 18/05/20
abepanvovec replacement the SMN1 gene and a cinical diagnosis of SMA type 1 or
therapy vith 5 SMA with a bialelic mutation in the SMNT gene and
up 0 three copies of the SWIN2 gene
Alowy® Fremanezumab Noz Monocional Prophylaxis of migraine in adults who have at least four  No No No No 28/03/19
antibody migrane days per month
Emgaity®  Galcanezumab No2 Monoclonal Prophylaxis of migraine in aduts who have at least four ~ No No No No 14/11/18
antibody migraine days per month
Onpattro®  Patisian No7 SANA Treatment of hATTR amyloidosis in adul patiens with stage  No No Yes Yes 2710818
1 or stage 2 polyneuropathy
Aimovig®  Erenumab No2CX07  Monodional Prophyaxis of migraine in adutts who have at least four o No No No 26007/18
antibody migraine days per month
Tegsed®  Inotersen No7 ASO ‘Treatment of stage 1 or stage 2 polyneuropathy in adut  No No Yes Yes 060718
patients with hATTR amyodosis
Spivaza®  Nusiersen M9 SO Treatment of 5q SMA No No Yes Yes 3008/17
Wndaqe®  Tafamidis NOTXX08  Smal molecule Treatment of transthyrelin amyloidosis i adult patients wth ~ No Yes No Yes 161111

stage 1 symptomatic pomecropathy to delayed peroheral
neurogic impaiment

Antisense oigonudieotide = ASO; anylulatase A = ARSA; haamatopoleic stem cell=HSC; hereditary transthyreti-medfted amyloidosis = hATTR amyloidosis; human leukocyte antigen = HLA; metachromalic leukodystrophy = MLD; small
interering ibonucieic acid = SIANA; spinal muscular atrophy = SMIA. Accelerated assessment s granted by the European Medicines Agency (EVIA)for product of majorinterest for public health and therapoutic innovation. This procedure
alows (0 roduce the timelrame forreview amarketing-authorisation appicalion (fom up (o 210-150 days). A condtional marketing authorisation may be granted withlss comprehensive clnicaldata than normally roquired for medcines that
accress unmet medicaineeds, wher the benefit outweighs the riskinherent nthe factthat addtional data are st needed. Forthis procedure, marketing approval s granted provided that the sponsor willprovide missing datawithin an agreed
timeframe. EMA may also grant a marketing authorisation under exceptional cicumstances when comprehensive data cannot be abtaied even after authorization, becauss the condition i rare or colection of ful data s ot possible or
s






OPS/images/fphar-12-823199-t002.jpg
Siysona®
EMA, 20216)

Ewysa®
EMA, 20210)

Libmeldy®
@A, 20210)

Zoigensma®
(EMA, 20200)

Aow® (EMA,
20216)

Emgalty®
EMA, 20211

Onpattro®
EMA, 2021)

pimoig®
([EMA, 2021h)

Togsed®
€A, 2021)

Spinvaza®
EMA, 2021)

Vyndaqel®
EMA, 2021K)

Clinical tral

ALD-102

ALD-104

BPa00S6
(FIREFISH)

8Pa%0s5
(SUNFISH)

Study 201222

Study 205756

oL-308

aL-t01

oL302
(ongoing)

cL304
(ongoing)

Study 1 TEV-
ag125-
30050)
Study 2 (TEV-
agi25
30049)

Study 30051

EVOLVE-1

EVOLVE2

REGAN

Study GGAJ

APOLLO
(-
TTR02-004)
Study 003
Study 006

Stugy
20120295

Stugy
20120206

Long-term
folow-up
study

Protal study:
cs2 (s
420015-C82)

cs3 (s
420015059

Study CS3B
(ENDEAR)

Study CS11
(SHINE)
Study CS3A

Study 0S4
(CHERISH)

Study CS7
(EMBRACE)

Study CS5
(NURTURE)

Study Fx-005

008

Fx1A201

Study design

Open-ibel, single-am
prospeciive phase 2/3 study

Open-bel, single-am phase
3 study

Open-iabel, two-part study
part 1 was the dose-findng
part of the study; part 2 was.
the confimatory study)

Part 1 was the exploratory.
dose-fnding porion andpart 2
was the randomized, double-
blnd, placebo-controled
‘onfimatory porton

Open-abel, non-randomized.
single-am, prospecive,
comparative {non-concurrent
ontro, phase I study.

Open-iabel, single-amn study

Phass I, open-lab,
single am
Phaso |, open-abel, doso-
escalation

Phass I, open-lab,
snge-am

Phase I, openlabe,
sngo-am

Randomized, double-bind,
placebo-controlled phase Il
studies

Randomized, doutie-bind,
placebo-controlied phase I
studies

Long-term stucly

Phase 3, randomized,
placebo-controlled, double-
bind studes

Phase 3, randomized,
placsbo-controlled, double-
bind studies

Phase 8, randomized,
placebo-controlled, double-
blnd studies

Phase 3, ong-tom,
randomized study

Phase 3, randomized, double-
bind, placebo-controled
study

Mutcenter, phase 2, open-
label, extension study
Mticenter, mutnationa,
open-iabel extension study
Phaso 2 randomized,
micenter, placebo-
controled, double-bind study

Phaso 3, randomized,
mticenter, pacebo-
controled, double-bind study

Opon-abel reatment phase.

Phase 2/3 muliconter, double-
bind, placebo-controled tial

Phase 3 open-iabel extension
study

Phase 3, randomized, double-
bing, sham-procedure-
controled stucly

Phase 3, open-abel extension
study

Open-iabel phase 2 study

Phaso 3, randomized, double-
blind, sham-procedure-
controled stucly

Phase 2, randomized, double-
bing, sham-procedure study.

followed by a long-term open-
labelextension phase (part 2)

Phase 2, openiabel,
mticenter, single-am study

Phase IV, multicenter,
randomized, double-bind,
placebo-controlled study

Open-iabel extension study

Opon-abel, mutcenter,
singlo-am study

No. of patients

%

1935 planned)

21 fpant 1)
41 (pan2)

51 fpant 1)
180 (pant 2)

2

At least 44 (as o the.
December 31, 2019 data cul-
off, 29 patents were enoled)

875

1,130

Patents who completed the
pivota efficacy
studies + approximately 300

843

1,085

270

25

2
184

667

955

172

"4

21

89+125

126

2

7

128

n

2

Primary outcome

Month 24 MFD-free survival (major
functional disabilies) = 0ss of
‘communication, corticalbindness. tube
foeding, total incontinence, whedlchair
‘dopendonce, or compete loss of
voluntary movement

Month 24 MFD-free survival (major
functional isabiltes) = loss of
‘communication,corticalbindness. (ube
feocing, totalincontinonce, whoelchair
‘dopendonce, or compete loss of
voluntary movement

“The proportion of patients wilh the
abilty o sit wihout support or at least
5 (stting without support s never
achieved in unlreated palients vith type
1 SMA)

‘Change from baseine score at month
12 0n the Motor Function Measure-32
(MPMG2)

‘Co-primary endpoints: #Gross Motor
Function Meastre (GMFM): an
improvement of >10% of the total
GMFM score in treated patients, when
‘compared to the GMFM scores in the
‘age-matched, untreated fistorical
‘control, evaluated at year 2 after
reatment
®ARSA activiy: a signifcant (-2 SD)
increase in residual ARSA acliy as
‘compared to pre-treatment values,
measured in peripheral blood
mononuclear cells (PBMC) at year 2
after treatment
 Gross Molor Funciion Measure
(GMFM)
© ARSA actiity

Event-froe survivl even
permanent ventiaton)

1 Requirement of rospralory assstance
per day continuously for 22 weeks in
the absence of an acute reversible
iiness, or

2 Death

Achiovement of developmental
miestone.

death or

Achiovement of developmental
milestone.

Mean change from baseine in the
monthy average number of migraine
days

Mean change from baseine in the.
monthy average number of headache
days of at least moderale soverty

Satety

“The overall mean changs from baseine
in the number of monthly migraine
headache days (MHOs)

“The overall mean changs from baseine
in number of monthly migraine
headache days (MHDs)

“The overall mean change from baseine
in number of monthly migraine:
headache days (MHDs)

“Tho overal mean reduction from

baseino in the number of monthly
MHDs

Change from baseine in modified
Nouropathy Impaiment Score + 7
(NS +7)

Mean change from baseine in the.
NS + 7
Weok 52 mNIS + 7

‘Change in moan monthly migraine
days (MMD)

‘Change from baseine in mean monthly
migrane days

Change from basoine in the modiied
Neuropathy mpainment Score + 7 tests
(NS + 7) composte score and i the
Norfok Quaity of Lie-Diabelic
Nouropathy (QoL-DN) questionnaire
total score

Safety

Proportion of motor miestone
responders.

“Time to death or permanent ventiation
(216 h ventiation/day continuousy for
>21 days i the absence of an acute
reversible event or tracheostomy)

Number of partipants experiencing
‘adverse ovents (AES) andor serious
‘adverso ovents (SAES)

Proportion of patients who improved in
one or more categories in molor
milestones

‘Change from baselne in Hammersmith
Functional Motor Scale~Expznded
(HFMSE) score

Number of paricipants with adverse
ovents (AES) and serous adverse
events (SAEs)

“Time to death or respiratory ntervention
(defined as invasive or non-invasive
ventiation for 26 hday continuousyfor
27 consecutive days or tracheostomy)
Neuropathy Impasment Soore of the.
Lower Limb (NIS-LL—a physician
assessment of the neurologic exam of
the lower imbs) and the Norfok Qualty.
of Life-Diabetic Newropathy [Norfok
QOL-DN~—apatent-reported outcome,
total qualty of i score (TQOL)

Long-term salety and tolerabiity

Trensihyretn stabiizaton at steadly
state, as measured by a valdated
immunotutidimetric assay, i patients
with non-V3OM TTR amyloidosis

Follow-up

24 months.

24 months.

24 months.

12 months

4.0 years (range 0.6-7.5 years)

0.7 yoars (range: 0.0-1.47 years)

18 months

24 months,

18 months

A5 of the sffcacy data cutoff dato
of Decambr 31, 2019, patints
cohort 1 had been i the studyfor
an average of 105 monihs (ange:
5.1-18 monihs) Patients i cohort
2 had boon i the study for an
average of 8.74 monihs (range:
2-13.9 months)

12 weeks

12 woeks

15 months

S monts

6 monts

12 months

12 months

18 months

Up to 2 years

52 weoks

12 woeks
‘52-week open-iabel extension

24-weoks
52-woek aciive re-randomization
part

5 years.

Weok 66

Syears

14 months

8years

2years

15 months

Day 422

Efficacy data were avalabie for 13
subjects at day 64, 10 subjects at
day 183,and 5 subjects at day 302

18 months

12 months

12 months

sults

Twenty-seven out of 30patients (90%, 95% CI:73.5,
97.9) achieved month 24 MFD-free sunvival. Most
paients (26/27, 96.3%) remained alve and
maintained their MFD-frce stalus through thei last
folow-up on study, incucing 14 patients with e o
more years of folow-up.

No subjects have competed the month 24 visit

After 12 months of treatment with isdiplam, 20.3% o
patients in part 2 were siing vithout support. This
proporton s sigrificanty higher than the pre-defined
performance criteion of 5% based on nalusal history
data fo < 0.0001)

o primary analysis for SUNFISH Part 2 showed a
clically meaninglul and statisticaly signfoant
diforonce betwoen patients treated with Evysd and
placebo. Change rom baseinein MFM2 tota score
Showed an mprovement in the risdiplam group.
[change from baseine, LS means: 1.36 (95% Ci:
0,61-2.11), compared to a worsening observed in
the PBO group [-0.19 (95% Ct: 122, 0.64)]
Eary-onsel MLD paients vreated belore the onset o
overtsymptoms showed normalmotor dvelopment
stabiizaton, or delay i th rate of progression of
motor dysfunctionas measured by GMFM totalscore
A statistialy signifcant increase in ARSA activiy n
PBMCs was also observed at year 2 post-reatment
‘compared 10 pre-treatment baseine in bolh pre-
‘symptomatic patients (20.0-fokd increase; p < 0.001)
and carly symptomatic patints (4.2-fod ncrease;

£ =0004)

Preiminary data on GMFM total score showed that
gross motor function for all four subjects was withi
the range of gross motor function cbserved in a
healthy cohortof chidron of smiar chronologicalage.
ARSA activty levels were detoctable and wilin tho
normal rango at month 3 n al thveo subjocts with
avaiable data

90.9% (95% C: 79.7%, 100.0%) event-froe survival
at 14 months

Alreated pationts had statisticaly signifcant
improved survival without permanent ventiaion

The primary effcacy endpoint independent siting fo
atloast 10 5 at any tme up o 18 months of age was
met by six of the 32 patients (18.8%)

Al patientsin the study were aiive and free of
permanent ventlation at the ata cut-off

Both monthly and quartery dosing regimens of
remanezumab demonstrated statisticaly significant
and inicaly meaningful improvemen from basaline
compared to placebo.

Both monthly and quartery dosing regimens of
remanezumab demonstrated statisticaly significant
‘and cinicaly meaningfulimprovement rom bassine
compared t0 placebo.

For all episodic and chonic migraine palients,
effcacy was sustained forup o 12 adional montrs
No safety signal was observed duing the 15-month
combined treament period

Both gacanezumab 120 and 240 mg treatment
groups demonstrated statisticaly signiicant and
clnically meaningfu improvements from baseine
compared 10 placebo on mean change in MHD
Both gacanozumab 120 and 240 mg treatment
groups demonstrated statistcaly signiicant and
clrically meaninglul mprovements from basciing
compared to placebo on mean change in MHD
Both gacanezumab 120 and 240 mg reatment
groups demonstrated statsticaly signifcant and
clrically meaninglul mprovements from baseino
‘compared (0 placebo on mean change in MHD
Tho overall mean reducton from basino in the
numbor of monthly MHDs averaged over the
reatment phase was 5.6 days for the 120-mg dose
group and 6.5 days for the 240-mg dose group

A statisticaly significant benefit in mNIS + 7 vith
Onpatto reatie to placebo was observed at

18 months. Benefis relaive to pacebo were dso
observed across all mNIS + 7 components

The mean change from baseline in the mNIS + 7 at
24 months was ~6.95 (2.09) points

Wesk 52mNIS + 7 effcacy data were avalable for 64
paients

Reduction in mean monthly migraine days from
placebo was obsorved i a monthly anaysis from
month 1, andin afollow-up weekdy analyss, an onset
of erenumab effect was seen from the frst week of
‘adminsration. Effcacy was sustained for up to

1 year in the open-abel extension

Pations troated with erenumab had a cinicaly
relevant and statistcal significant reduction from
baseine in the frequency of migraine days from
months 4-6 compared to patients recsiving placebo.
Efficacy was sustained up 10 1 year in the actve re-
randomization part

Of the 383 pationts, 168 (43.9%) discontinued with
the most common reasons being palient request (64
patients; 21.9%), adverse events (19 patients; 5.0%),
lost to folow-up (14 patents; 3,7%), and lack of
effcacy (12 patients; 3.1%). The resuits indicate that
efficacy was sustained for Up o 5 years in the open-
Iabeltreatment phase of the study

“Tho changes frombaseine 1 both primary ondpoins
(IS + 7 and Norfolk QoL-DN) demonstrated
statisticaly signfcant benet n favor of inotersen
reatment at week 66, The dferences iere krgo with
~19.73 (95% CI: 26.43, ~13.03; p = 0.00000004)
for the mNIS + 7 score (maximum score 346) and
11,68 (95% O 18.29, -5.06; p < 0.0006) for the
Norfokc QoL-DN (maximum score 156)

The resuls obtained with the open-abel extension
study cormoborated the resuls obtained with the CS2
study, and efficacy was maintained throughout the
whdle duration of the study

There were 21 (41%) subiects n the nusinersen
group with amotor mioresponse al therlast possble
visit (day 183, 302, or 394 depending on the date.
they were treated), compared 1o 0/27 paients on
ontrol. This was highty statstcaly significant

(< 0.0001) In the fial analysis, ths percontage
improved; 51% of subjects n the nusinersen group
achieved a response compared to 0% in the control
group fp < 0.0001)

There were 27/80 (34%) patients who died or
requred permanent ventiation on nusinersen
‘compared t0 20/41 (49%) on control. There were 12
80 (15%) deaths on nusinersen, compared 1o 13
(32%) on control Overal hero was a 47% reduction
in the isk of death or pemnanent ventiation
compared 1o Gontra: the isk of death was 62.8%
lower in usinersen-treated subjects than i those
who received the sham procedure; the rsk of
pemanent ventiation was 349% lower in nusiersen-
reated subjects

Twelve out of 20 patients (60%)  the study met the
primary endpoint with improvement in mean molor
miestone achievement over time

‘Subjects reated intrathocaly with nusinersen
achieved sustaned and cinically meanngtul bonofs
‘compared with a contol group of subjects who.
received a sham procedure. A staiticaly significant
change frombaseine in HEMSE score was observed
in the nusinersen group [4.0 (85% CF: 2.9-6.1))
‘compared 10 the sham control group [~1.9 (95% Ct
3:8-00) (o = 0.0000002)

EMBRACE was terminaled eary due 10 posiive
results from othernusinersentris, and paients were
moved into the extension phase of EMBRACE
(ongaing). Due 10 early termination, only six patents
(43%) in the nusinersen group completed part 1
(assossment visit day 422), whie niono of the control
roup reached the 422 assessment visi day

No subjects died or had respiratory intervention
(defined as either ivasive or non-invasive ventiation
for 26 hvday continuously for 27 consecutive days o
tracheostomy)

More tafamidis meglumine-treated patiens were.
NIS-LL responders (change of ess than 2 poins on
NIS-LL. Outcomes for the pre-speiied analyses:
the primary timepoint (month 18), 45.3% of patentsin
the tafamicis group had an increase i the NIS-LL o
<2, compared 1o 20.5% paients i the placebo
group, but the diferences between groups were not
statiticaly sigificant (o = 0.068)

e rate of change in the NIS-LL was similar (0 that
observed in those patients randomized and treated
wih tafamids n the previous double-blind 18-month
period. The placebo-treated patients in the 1T
popuiation had progressively worso TQOL scores
than tafamidis-treated patients, but the diferences
between groups were no stalstcaly signifcant (7.2
versus 2.0, pvae = 0.1)

Treatment with tafamids over 12 months in a mxed
genotype popuation of patients with ATTR-PN
resulted in TTR stabilzaion i 96% of patients by
weck 6 and 100% of patiens at months 6.and 12,
supporting persistence of TR stabilzation with
chronic dosing of tafamidis
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